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Abstract 

This research study was undertaken to determine the key characteristics of low birth weight 

pigs in a commercial setting as well as to investigate a number of intervention strategies 

within a research setting to uplift the lifetime growth and carcass performance of low birth 

weight pigs to levels comparable to average birth weight pigs.  Particular emphasis was 

placed on increased nutrient supply to pigs through enhanced sow lactation feed intake, as 

well as tailored post-weaning feeding regimes.  

The significance of low birth weight pigs on farms  

Due to the lack of recent data reporting the lifetime performance of commercially reared pigs 

born into large litters (>14 piglets), this research initially aimed to quantify the growth and 

mortality rate of low and average birth weight pigs throughout their lifetime on commercial 

farms in Northern Ireland.  Low birth weight (Low BW; <1kg) (n=328) and average birth 

weight (Av BW; 1.3-1.7kg) (n=292) pigs across four commercial farms and one research 

farm were assessed from birth to slaughter on an individual pig basis.  The Av BW pigs were 

heavier than Low BW pigs throughout the trial (P<0.001), with a weight advantage of 1.2kg 

at weaning increasing to over 9kg at a slaughter age of 22 weeks.  Av BW pigs also recorded 

a superior average daily gain (ADG) to Low BW pigs throughout the trial (P<0.05), with the 

greatest differences recorded immediately post-weaning, i.e. between 4 to 8 weeks of age 

(77g/day) and between 8 to 12 weeks of age (85g/day).  Pre-weaning mortality of Low BW 

pigs was over three times greater than that of Av BW pigs (21% vs 6%; P<0.001), with 

deaths of Low BW pigs occurring earlier (9.2 days vs 15.4 days; P<0.001) and at a lighter 

weight (1.2kg vs 2.4kg; P<0.001).  The extent of pre-weaning mortality due to various causes 

differed with birth weight (P<0.05), with starvation (49%) and overlying (28%) accounting 

for the majority of Low BW mortalities.  With regard to post-weaning mortality, birth weight 

had no effect on number of deaths or the age or weight of death (P>0.05).  The alimentary 



vi 
 

tract (27%) and respiratory tract (27%) were the most common body systems associated with 

deaths following post-mortem examination of all post-weaning mortalities.  This study 

quantified the inferior weight and growth rate of Low BW pigs, along with the major causes 

of mortality.  The lactation and immediate post-weaning periods were identified as having 

greatest potential for reducing the negative effects of low birth weight on lifetime 

performance in terms of growth and mortality.    

Pre weaning intervention – the impact of sow lactation feed intake on piglet growth, 

suckling behaviour and feeding behaviour 

Literature and on-farm data indicated that opportunity exists to increase the pre-weaning 

performance of low birth weight pigs.  As such this study aimed to determine the effects of 

increased sow lactation feed intake on piglet pre- and post-weaning growth, mortality and 

feeding behaviour.  Low (Low BW;<1kg) (n=224) and average (Av BW;1.3-1.7kg) (n=224) 

birth weight animals were reared in uniformly weighted litters of 14 piglets.  Each litter was 

reared on a foster mother offered either a low (Low FA; average 6.2kg/day) or high (High 

FA; average 7.7kg/day) feed allowance over a 28 ± 1 day lactation.   

Pre weaning impact 

Sows offered a High FA consumed an average of 42.5kg more feed during lactation than 

those offered a Low FA, resulting in a greater total derived milk yield over the 28 day 

lactation (371kg vs 307kg; P<0.05).  Animals of Av BW were heavier than those of Low BW 

throughout the trial (P<0.05).  Piglets reared by sows offered a High FA were heavier at 

weeks 3 and 4 of lactation (P<0.05).  Low BW animals reared on sows offered a High FA 

had comparable weaning weights to Av BW pigs reared on sows offered a Low FA (7.87kg 

vs 7.94kg; P>0.05).  Piglets reared on sows offered a High FA expressed greater relative 

growth pre-weaning compared to piglets on sows offered a Low FA (6.1kg/kg vs 5.4kg/kg; 
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P<0.05).  Low BW animals reared on sows with a High FA recorded half the levels of pre-

weaning mortality compared with that of Low BW pigs on sows offered a Low FA (11% vs 

22%).  During week 1 of lactation, Av BW litters recorded a greater total suckling duration to 

that Low BW litters (197mins/day vs 166mins/day; P<0.05), but there was no difference in 

suckling frequency (P>0.05).  During week 3 of lactation High FA litters displayed a 

significantly lower suckling frequency (37 bouts/day vs 46 bouts/day; P<0.05), yet a greater 

total suckling duration (162 mins/day vs 130mins/day; P<0.001).  In conclusion, rearing Low 

BW pigs on sows offered a High FA during lactation significantly increased total suckling 

duration, reduced piglet mortality and increased piglet weaning weights. 

Post weaning impact 

The performance of a cohort of pigs from the work described above was followed through to 

slaughter to investigate if the superior performance during lactation in pigs from sows offered 

a High FA was retained.  During weeks 4 to 10, a total of 160 Low BW and 160 Av BW pigs 

were reared in pen groups of 10 and offered feed from dry multi-space feeders.  Average 

daily gain (ADG) was greater for Av BW pigs during weeks 4 to 7 (P<0.001) but no 

difference was recorded between weeks 7 and 10 (P>0.05).  Average daily feed intake 

(ADFI) was greater for Av BW pigs throughout weeks 4 to 10 compared with Low BW pigs 

(P<0.05), however feed-conversion ratio (FCR) did not differ from that of Low BW pens 

(P>0.05).  Piglets reared by High FA sows were heavier at weeks 5 and 7 (P<0.05) but not at 

week 10 (P>0.05) compared with pigs reared by Low FA sows.  Relative growth between 

weeks 4 and 10 was greater for piglets reared on sows offered a Low FA compared with pigs 

reared on sows offered a High FA (P<0.05), suggesting compensatory growth.  

From the above cohort, 128 Low BW pigs and 128 Av BW pigs remained on trial from 12 

weeks of age until slaughter at 22 weeks of age.  Low BW pigs were housed in pen groups of 
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16, with 8 Low BW animals which had been reared on sows offered a Low FA merging with 

8 Low BW animals which had been reared on sows offered a High FA.  This pen 

arrangement was repeated for Av BW pigs.  All animals were offered feed from electronic 

feed intake stations so that individual feed intake, feeding behaviour and growth performance 

could be monitored.  Animal birth weight had no effect on ADFI between weeks 12 and 22 

(P>0.05).  However, feed intake relative to bodyweight was greater for Low BW pigs during 

this finishing period (35.4g/kg vs 33.7g/kg; P<0.05).  Av BW pigs were significantly heavier 

than Low BW pigs throughout, weighing 6.3kg more at slaughter (105.1kg vs 99.4kg; 

P<0.05).  Also, Av BW pigs recorded a 2.2% superior FCR (2.19 vs 2.24; P<0.05) during the 

trial period which could be partially explained by their 42g/day greater ADG (1014g/day vs 

972g/day; P<0.05).  However, relative growth rate was greater for Low BW pigs during the 

finishing period (2.00kg/kg vs 1.89kg/kg; P<0.05).  Linear regression analysis showed that, 

despite the Low BW pigs recording an inferior absolute FCR throughout the finishing period, 

the rate of FCR deterioration with increasing liveweight did not differ between Low BW and 

Av BW pigs (P>0.05).  Therefore the projected 4.4kg of additional feed required by Low BW 

pigs compared to Av BW pigs to grow from 40kg to 120kg liveweight was a consequence of 

their poorer FCR and not as a result of an increased rate of FCR deterioration.  Birth weight 

had no impact on any parameters of feeding behaviour (P>0.05).  Sow lactation feed 

allowance had no effect on animal weight, relative growth, ADG, ADFI, relative feed intake 

or FCR from weeks 12 to 22 (P>0.05 respectively).  Pigs reared on sows offered a Low FA 

recorded 0.72 more feeder visits per day between weeks 17 and 22 (8.11 visits/day vs 

7.39visits/day; P<0.05) but a 27g reduction in feed intake per feed visit between weeks 12 to 

22 (317g/visit vs 344g/visit; P<0.05).  In conclusion, animals failed to build upon the pre-

weaning benefits attained from an increased sow lactation feed intake, with piglet birth 
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weight having a substantially greater impact on performance during the growing and 

finishing period.   

Impact of nutritionally tailored interventions post weaning 

The above studies indicated that improvements in weaning weight were achievable, but these 

benefits were lost during the post-weaning period through to slaughter.  The positive 

relationship between nutrient intake, in particular energy and lysine intake, and growth are 

well known.  Therefore the main aim of this final experiment was to improve the lifetime 

performance of low birth weight pigs by tailoring energy and protein intakes to match their 

weight in a pen based, commercial-like setting.  During lactation, low birth weight (Low BW; 

<1kg) and average birth weight (Av BW; 1.3kg-1.7kg) piglets were reared in uniformly 

weighted litters by a foster sow offered a high lactation feed allowance.  Post-weaning, Low 

BW (n=220) or Av BW (n=220) animals were offered either a ‘standard’ (STAND) or ‘feed-

to-weight’ (FTW) regime from weaning until slaughter.  The STAND regime mirrored 

commercial production, where diet transitions occurred either after a pre-determined feed 

consumption target or time interval.  In contrast, diet transitions in the FTW regime were 

carried out when the pen average weight met a target threshold.  Av BW pigs were 

significantly heavier than Low BW animals at each stage of the trial (P<0.001), recording a 

superior average daily gain (ADG) (P<0.01), average daily feed intake (ADFI) (P<0.001) and 

average daily intake of energy (P<0.01) and lysine (P<0.01) during each time period 

monitored.  Birth weight had no effect on feed conversion ratio (FCR) (P>0.05), except 

between weeks 10 and 17, where Low BW animals recorded a superior FCR (1.97 vs 2.02; 

P<0.05).  Av BW animals recorded a greater carcass weight (98.0kg vs 91.7kg; P<0.001) and 

kill-out percentage (81.7% vs 80.2%; P<0.01) than Low BW pigs at slaughter, but birth 

weight had no effect on back-fat depth at slaughter (P>0.05).  Animals offered the FTW 

regime were significantly heavier than STAND pigs from week 7 through to slaughter, 
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recording a greater carcass weight (P<0.05).  FTW animals also recorded a superior ADG 

(466g/day vs 449g/day; P<0.05) and ADFI (657g/day vs 634g/day; (P<0.05) compared to 

STAND pigs from weeks 4 to 10.  Similarly, pigs on the FTW regime exhibited a greater 

average daily intake of energy and lysine from weeks 4 to 10 (Energy = 10.2MJ/day vs 

9.8MJ/day; Lysine = 9.36g/day vs 9.01g/day; P<0.05) and weeks 10 to 17 (Energy = 

27.1MJ/day vs 26.2MJ/day; Lysine = 21.8g/day vs 21.2g/day; P<0.05).  Feeding regime had 

no effect on FCR, except between weeks 10 and 17 where the FCR was superior for STAND 

pigs (1.97 vs 2.02; P<0.05).  The age and weight of Av BW pigs at each diet transition did 

not differ significantly with feeding regime for the majority of transitions (P>0.05).  

However, Low BW animals offered the FTW regime were significantly older and heavier 

than those offered the STAND regime at each transition (P<0.05).  Feeding regime had no 

effect on kill-out percentage or back-fat depth (P>0.05). 

Data collected from a subset of pigs (n=80) which underwent a series of three DEXA scans 

during the growth period of the pig showed that Low BW animals recorded lower total tissue 

and lean content at all stages of the study (P<0.01 respectively), as well as a lower fat content 

at weeks 4 (2.44kg vs 2.70kg; P<0.01) and 10 (6.7kg vs 7.2kg; P<0.01).  However, Low BW 

animals had a greater percentage fat at weeks 4 (34.2% vs 32.5%; P<0.001) and 10 (27.8% vs 

26.6%; P<0.001) which aligned with a lower percentage lean at weeks 4 (63.1% vs 64.6%; 

P<0.01) and 10 (69.6% vs 70.7%; P<0.01) compared to Av BW pigs.  Despite the same 

numerical trend persisting to week 21, birth weight had no significant effect on percentage 

lean or fat at this final stage (P>0.05).  Total or percentage lean and fat did not differ between 

FTW or STAND pigs at either weeks 10 or 21 (P>0.05).  In conclusion, feeding Low BW 

animals on the basis of weight may have allowed a greater time for digestive development 

between each diet transition.  This increased nutrient intake and, as a result, improved 

liveweight.  As this regime had no detrimental effect on carcass characteristics or body 
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composition it represents a commercial opportunity to increase the slaughter weight of all 

animals, improving output and profitability at farm level.  

Summary 

This research project has advanced the knowledge and understanding of low birth weight pigs 

by quantifying their actual performance as well as the performance differential compared to 

average birth weight pigs on commercial farms.  It also indicated the most prevalent time and 

cause of deaths for both birth weight categories on farms in NI.  In contrast to much of the 

literature, effective intervention strategies employed in a research setting in this work showed 

that it was possible for low birth weight pigs to achieve the weight of average birth weight 

pigs.  Finally, modelling the change of animal feeding efficiency with increasing liveweight, 

combined with analysis of animal feeding behaviour and body composition has furthered the 

understanding of the underlying mechanisms responsible for the elevated performance in low 

birth weight pigs given enhanced nutrient supply. 

This work quantified that, on farms in NI, low birth weight animals exhibited a 15% greater 

level of pre-weaning mortality than average birth weight piglets, with starvation cited as the 

cause of death in almost 50% of cases.  The weight differential between low birth weight 

animals and average birth weight counterparts increased from 1.2kg at weaning to over 9kg at 

slaughter, with low birth weight animals requiring an estimated additional 11 days to reach a 

comparable slaughter weight.  Finally, the greatest divergence in growth rate was recorded in 

the weeks immediately following weaning, highlighting this period as a critical window for 

intervention.   

For the first time, this work has found that increasing sow lactation feed allowance halved 

mortality amongst low birth weight animals compared to those reared on sows offered a low 

feed allowance or those reared commercially.  Furthermore, when reared on sows offered a 
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high feed allowance, low birth weight litters expressed the same suckling behaviour as 

average birth weight litters during later lactation and had the capacity to effectively utilise the 

additional milk yield to give an 11% increase in weaning weight.  Low birth weight pigs 

recorded a superior relative growth and relative feed intake between weeks 12 and 22 of age, 

where FCR deterioration and feeding behaviour did not differ compared to average birth 

weight pigs.  However an overall poorer FCR for low birth weight animals during this period, 

combined with a poorer feed intake immediately following weaning, meant any pre-weaning 

benefit was not built upon during the post-weaning period.   

With regard to post-weaning nutrition, this research project has shown that when dietary 

transitions were carried out on a weight basis, low birth weight animals were significantly 

older and heavier at each transition compared to those of an equivalent birth weight fed using 

a commercial regime.  This novel data showed the former method of feeding improved 

growth to the extent that low birth weight animals fed on a weight basis post-weaning in the 

research setting were 3% (38.6kg vs 37.3kg) and 8% (71.7kg vs 65.7kg) heavier at week 12 

and 17 respectively compared to average birth weight animals reared in the commercial 

setting.  This indicates that it is not only the inferior physiology of compromised pigs which 

limits growth but also the production system employed.  Whilst low birth weight animals 

were generally associated with a greater percentage of body fat and lower percentage of lean 

composition compared to average birth weight pigs throughout the growing period, this was 

not exacerbated by the enhanced feeding regime.  Hence this method of intervention 

represents a commercial opportunity to maximise performance and profitability. 

This research project outlines a number of opportunities for pig producers to improve 

productivity and efficiency at farm level.  Enhancing nutritional management of the sow 

during lactation can significantly improve growth and suckling behaviour of low birth weight 

pigs, whilst reducing pre-weaning mortality.  Furthermore, this study highlights that offering 
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a post-weaning feeding regime tailored to animal weight can minimise any post-weaning 

growth check in low birth weight animals, with no adverse effects on body composition or 

carcass quality. 
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The Agriculture Food Strategy Board’s ‘Going for Growth’ report stated “Agri-food is 

Northern Ireland’s largest indigenous industry, our single largest employer and most 

important exporter” (O’Neil et al., 2013).  Ranking fourth in terms of gross agricultural 

output, the pig industry represents an important sector within the Northern Ireland (NI) 

agricultural economy.  Indeed in 2019 an output value in excess of £179.2 million was 

quantified for finished pigs marketed from the N.I. pig industry (Statistical Review of 

Northern Ireland Agriculture, 2019).  Recent data quantified the size of the industry at 

approximately 46,400 sows, with the breeding herd having increased markedly in recent years 

(Figure 1.1).  The pig industry is also important globally, with pork recognised as the most 

widely consumed meat in the world (Food and Agriculture Organization of the United 

Nations, 2014). 

Figure 1.1. Number of sows (Agricultural Census for Northern Ireland, 2019) and average 

litter size (Donnelly, 2019) within the Northern Ireland pig industry. 

While the number of sows have increased, the average number of piglets born alive per litter 

within the local industry has also increased significantly (Figure 1.1).  Indeed the number of 

pigs weaned per sow per year in NI is above the EU average figure (Figure 1.2).  However, 
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whilst this provides an opportunity to maximise output, these increases have changed the 

weight profile of pigs now being reared and this presents a challenge to the NI industry.  This 

trend has also been mirrored globally, with low birth weight animals increasing in prevalence 

(Quiniou et al, 2002; Bealiue et al, 2010; Bergstrom et al, 2011).   

 

 

  

 

 

 

 

Figure 1.2. Performance of sows in the European pig industry (BPEX, 2018) (*Donnelly, 

2018) 

In contrast to other agricultural sectors, pig producers do not receive financial support from 

European subsidies or government interventions. Therefore pig price is almost solely 

dependent on the forces of demand and supply of the market, both of which can be volatile.  

This was illustrated between January 2013 to January 2016 where average pig price declined 

by almost 25% and has since risen again by 37% (Northern Ireland Agricultural Market 

Report, 2013, 2016, 2020).  Therefore profitability at farm level is often determined by a 

producer’s ability to optimise efficiency on farm through maximising outputs and minimising 

inputs.   
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Farm output is largely dictated by the number of pigs reared and the weight to which these 

animals are reared to.  As mentioned, litter size has increased significantly in NI (increase of 

5.3 pigs weaned per sow per year over the last 10 years).  Although the implementation of 

prolific maternal genetics has proven these large litters to be achievable, the current challenge 

is to effectively facilitate the maximal growth potential of each individual piglet within these 

litters.  A consequence of this increased litter size has been an elevation in the number of 

small “non-viable” piglets.  The negative correlation between litter size and average birth 

weight is largely due to the mother being unable to provide adequate nutrition to all 

developing foetuses during gestation (Rehfeldt and Kuhn, 2006).  This trend is in agreement 

with the findings from research studies in other pig industries (Bergstrom et al, 2011).  Indeed 

it is argued that whilst numbers have increased, these ‘poorer quality’ pigs present a major 

production challenge to the pig industry in terms of performance and welfare.  Analysis of 

piglet birth weights from 965 litters, which had an average litter size of 12.5 piglets, has 

shown that over 13% of pigs had a birth weight of less than 1kg and could be deemed “non-

viable” (Quiniou et al, 2002).   

Compromised pigs are associated with increased mortality rates during both the pre- and post-

weaning period (Boyd, 2012).  This is a concern for piglet welfare, with Marchant et al (2000) 

having shown piglets born under 1.1kg or less can display levels of pre-weaning mortality up 

to 28%.  Additionally, these low birth weight piglets negatively impact upon productivity.  

Indeed compromised pigs have been shown to express low corresponding weaning weights 

(Dunshea et al., 2002).  Weaning weight is a critical factor for determining lifetime 

performance and as a result compromised pigs express a slower growth rate than heavier birth 

weight litter mates throughout their life (Fix et al., 2010).  Indeed Williams (2003) confirmed 

that differences in weight at weaning increased throughout the growing period.  Similarly, 

Beaulieu et al (2010) showed low birth weight pigs to take an additional ten days to reach 
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slaughter weight, with Gondret et al (2006) finding compromised animals to exhibit inferior 

carcass quality and value.  The observed increases in litter size have also accelerated within-

litter weight variation.  Quinou et al (2002) showed a reduction of 330g in average birth 

weight and significantly greater weight variation in large litters (>16 piglets) compared to 

small litters (<11 piglets).  Increased variation in birth weight often leads to low birth weight 

pigs being outcompeted for teat access during lactation, preventing colostrum uptake and 

hence increasing mortality (Wolf et al, 2008).  Furthermore this high level of variation at birth 

only increases as animals progress through the production system, necessitating complicated 

management strategies as well as increasing labour requirements and reducing efficiency 

(Williams, 2003; Fix et al, 2010).  Hence increased litter sizes and low birth weight piglets 

have become a chronic problem on farms, reducing optimal performance and profitability.   

Whilst producers are aware of the increasing significance of low birth weight animals, the 

nature of intensive farming practices means that monitoring the health and performance of 

specific animals is complex and time-consuming.  For this reason, there is little accurate data 

available to quantify the prevalence and cost of low birth weight animals to the local industry.  

Much of the existing scientific literature assessing the effects of low birth weight pigs has 

been conducted on litter sizes of 11 pigs or less and a birth weight of over 1kg (Douglas et al, 

2014; Muns et al., 2014, 2017; Wolter et al, 2002), which is not reflective of current commercial 

practice.  The latter studies also were largely conducted under controlled conditions, with 

field studies focussing on average herd performance as opposed to the performance of 

individual pigs.  It is recognised that trials in the commercial environment are beneficial, as 

animal responses under controlled conditions may differ to that recorded in the field 

(Magowan et al, 2007).  With increases in average litter size set to increase further, low 

weight pigs will become an even greater problem in commercial pig production if not 

addressed. 
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For the reasons outlined above, it is imperative that prudent research is conducted which 

focusses on addressing the impact of low birth weight piglets and optimises their welfare.  

One such area of investigation is to evaluate how enhanced sow lactation feed intake can 

improve pre-weaning performance.  Increased emphasis has now been placed on improving 

lactation feed intake and milk yield of sows in order to help rear these larger litter sizes.  

Indeed increasing sow feed intake during lactation is correlated with increased pig weaning 

weight (De Bettio et al, 2016; Craig et al, 2016; Lei et al, 2018).  By controlling 

environmental factors such as temperature and carefully managing trough hygiene, lactation 

feed intake can be improved.  Sulabo et al (2010) showed that a 30kg increase in sow feed 

intake during lactation improved weaning weights by 8%.  However the majority of this 

published literature on lactating sow nutrition was not conducted on the highly prolific sows 

now present on modern commercial farms.  As such, investigation into nutrition for sows 

rearing litters of 13 piglets and above is required.  It must also be accepted that, even if piglet 

weaning weight can be improved through increased sow lactation feed intake, the likelihood 

of complete eradication of light weight pigs at weaning is low.  Therefore, a second area of 

interest concerns the development of targeted nutritional and management strategies focussing 

on improving lifetime performance of low birth weight pigs. 

As such this PhD was designed to accurately quantify the current burden of low birth weight 

pigs within the local industry in terms of liveweight gain, health and mortality.  Furthermore 

the major causes of mortality and impaired growth performance of compromised pigs was 

investigated.  Finally, the development and implementation of effective nutritional and 

management intervention strategies was trialled.   
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A comprehensive review of the relevant literature was undertaken to provide a thorough 

understanding of all aspects of the proposed project.  This included an overview of the growth 

patterns of pigs of different weights, genders and genetic backgrounds.  Furthermore the 

relevance of low birth weight pigs was discussed, as well as the biological causes contributing 

to the incidence of compromised animals and their impaired lifetime performance.  Finally, 

literature addressing how negative impacts associated with low birth weight pigs can be 

reduced through nutritional and management intervention strategies was also reviewed.   

2.1 The pattern, potential, composition and efficiency of pig growth 

2.1.1 Biology of growth 

Growth process and body composition 

The growth process of a pig is a function of its genetic potential, size, age and nutritional 

supply, with the ultimate goal being to reach maturity (He et al, 2016).  Whilst blood and 

internal organs are key to the functioning of the pig, the physical composition of the animal 

consists predominantly of muscle and fat.  Indeed after offal, intestines and blood are 

removed, pig meat accounts for approximately 75% of the crude carcass (Whittemore and 

Kyriazakis, 2006).  Within commercial pig production it is the animal’s lean content which is 

of particular interest to producers as it is this component of the carcass which represents 

economic value.  For this reason, recent genetic selection has focussed predominantly on 

improving mature lean tissue mass.  Studies have shown pig carcasses can now record a lean 

meat percentage as high as 57.4% (Schiavon et al, 2018), a marked increase on figures such 

as 54.9% typically recorded in similar slaughter weight pigs just over 10 years prior (Rehfeldt 

et al, 2008).   
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Growth pattern over time 

During its lifetime, the commercial pig typically displays a sigmoidal growth curve which is 

displayed in Figure 2.1.  This curve can be sub-divided into two separate phases of growth, 

namely the acceleration and deceleration phases, which are separated by the point of 

inflection.  This period between accelerating and decelerating growth is of critical importance 

to commercial pig production as it accounts for the majority of time between weaning and 

slaughter (Luo et al, 2015).  It is important to note the rate of change is less severe during the 

decelerating growth phase than that seen during the accelerating phase.  Therefore the typical 

sigmoidal curve expressed by a growing pig is not an evenly balanced mirror image, nor does 

the point of inflection necessarily reside at the centre of the curve.   

 

  

 

 

 

 

Figure 2.1. Growth curve of a commercially produced pig from birth to market (Whittemore 

and Kyriazakis, 2006). 

In agricultural systems, accelerating growth often begins following the progressive release 

from nutrient restriction in early life.  Research has shown that during this period animals 

preferentially target lean deposition, with a corresponding minimal level of fat gain 

(Whittemore, 1986).  Indeed models which interpret the partitioning of dietary energy 
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generally show that only once energy requirements for lean accretion are satisfied will surplus 

energy be diverted towards pathways for lipid deposition (Patience et al, 2015).  However, a 

minimum lipid:protein accretion ratio is always maintained regardless of available energy 

intake, with this phenomena thought to be genetically encoded (Patience et al, 2015).  Lean 

growth during the accelerating growth phase is highly dependent on nutrient intake.  Indeed 

there is a strong relationship between feed intake and protein growth which is linear up to a 

maximum point known as the ‘PDmax’ (Whittemore and Fawcett, 1976; Campbell et al., 

1985).  The point at which this PDmax is achieved is often regarded as the level of optimal 

production efficiency, with any additional energy intake resulting in lipid deposition in the 

body (Patience et al, 2015).  Although lean growth responds linearly to nutrient intake up to 

the maximum lean growth potential, animals with differing genotypes or genders will exhibit 

varying levels of growth.  For example, boars generally display significantly greater lean 

tissue growth potential in comparison to females or castrated males (Lee et al, 2009).   

Luo et al (2015) concluded that as pigs achieve maximum lean growth they pass the point of 

optimal production efficiency, namely the point of inflection, and surplus nutrients are 

diverted into the more energy demanding process of lipid accretion.  As accretion of fat tissue 

requires up to four times more energy than the equivalent weight of lean deposition, animals 

become progressively less feed efficient as they approach slaughter weight (Patience et al, 

2015).  This results in the decelerating growth phase (Whittemore, 1986).  Indeed Collins et al 

(2017) showed pigs were able to express a growth rate of up to 523g/day between weaning 

and ten weeks, with an FCR of 1.36.  However the FCR of these pigs rose as high as 2.69 

during the latter stages of production.   
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The growth potential of pigs 

The commercial pig possesses a remarkable ability to grow rapidly in early post-natal life.  

Douglas et al (2014a) showed piglets are capable of expressing an average pre-weaning 

growth rate of 240g/day.  However Whittemore and Kyriazakis (2006) states that the rapid 

growth potential of young piglets is not fully exploited by producers in commercial 

production, where multiple restraints inhibit maximal growth.  The major constraint 

preventing piglets achieving optimal growth during lactation is the limitation of sow milk 

supply.  Harrell et al (1993) suggested milk supply can become limiting to piglet growth from 

as early as day 10 of lactation.  The increasing difference in demand and supply of milk as 

lactation progresses often results in a loss of growth impulsion during the latter stages of the 

pre-weaning period.  This highlights the importance of providing optimal nutritional and 

environmental conditions to lactating sows in order to maximise milk yield and facilitate 

piglet growth.  The second limitation to early piglet growth is their prioritisation for lipid gain 

in preference to protein gain in order to compensate for their low fat reserves at birth (Zhang 

et al, 2018).  Being born with only 1-2% body lipid content, it is logical that sow milk is rich 

in fat and relatively low in protein, enabling piglets to rapidly acquire the physiological 

minimum lipid content of 4% (Whittemore and Kyriazakis, 2006).  For example, studies by 

Wu et al (2004) have shown that during lactation only 40% of the arginine required for 

maximum protein deposition in a 7 to 21 day old piglet is provided by milk intake.  Despite 

these limitations, young piglets are highly efficient at utilising milk.  Hurley (2015) showed 

milk to average only 190g/kg in total solids, yet piglets have been shown to be capable of a 

202g/day growth rate following a 1.11kg/day milk intake (Auldist et al, 1998).  As a result, 

whilst piglets have been shown to be capable of achieving weaning weights of over 9kg 

(Douglas et al, 2014a), commercially a weaning weight of 7.5kg at 28 days is common.   
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During the immediate post-weaning period, piglets often experience a ‘growth check’ due to 

the stressors imposed at weaning.  This can result in weight loss for up to seven days, 

increasing time to market by as much as ten days in comparison to piglets gaining 250g/day 

during this period (Tokach et al, 2003).  However advances in farm management practices 

have worked towards minimising the detrimental effect of weaning on performance.  

Furthermore, implementation of prolific genetics has facilitated improvements in average 

daily gain (ADG) in slaughter generation pigs.  Indeed a growth rate of 670g/day during the 

growing and finishing period was typical for normal birth weight pigs in the 1970s (Friend, 

1974), yet figures as high as 890g/day are more akin to current production (Collins et al, 

2017).  Genetic selection for elevated growth rates has altered the growth trajectory of pigs, 

resulting in a steeper slope for change in weight over time and a heavier mature body weight, 

as shown in Figure 2.2.   

 

 

 

 

 

Figure 2.2. Genetic selection has altered the growth curve of modern slaughter generation 

pigs (b) compared to that seen historically (a) (Whittemore and Kyriazakis, 2006) 

However these figures only refer to faster growing pigs, with compromised pigs of low birth 

weight and weaning weight often lagging behind.  Indeed Beaulieu et al (2010) showed low 

birth weight pigs to grow at an average rate of 70g/day slower than heavier birth weight pigs 

in the week following weaning and 50g/day slower from 7 weeks of age through to slaughter.  
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Figure 2.3 illustrates the negative impact of low birth weight on ADG and liveweight during 

the finishing stage. 

   

 

 

 

 

Figure 2.3. Effect of birth weight on average daily gain during the finishing phase (FADG) 

and bodyweight at 16 weeks (FIN16) (Fix et al, 2010) 

Promising results following implementation of intervention strategies have shown there is 

scope to improve the lifetime performance of low birth weight pigs and reduce this 

performance deficit (Douglas et al, 2014b; Bealieu et al, 2012).  However the increasing 

prevalence of low birth weight pigs and consequent change in the weight profile of animals 

now born on farms means further work is required in this area (Wang et al, 2017).   

2.1.2 Lean growth 

The importance of lean growth 

The task of producing wholesome food of consistently high quality in an efficient manner is 

arguably the greatest challenge of modern commercial pig production.  The lean growth rate 

of the pig is central to overall production efficiency for a number of reasons (Patience et al, 

2015).  Firstly, lean growth represents a gain in tissue which is of economic value.  Therefore 

the rate of lean growth is a major factor in determining the optimal slaughter weight to 

provide best financial returns.  Furthermore, as lean growth largely consists of protein 
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deposition, it is a major determinant of dietary amino acid supply for the pig.  This is crucial 

as feed represents the greatest cost within commercial pig production, accounting for between 

60% and 70% of total costs at farm level (Patience et al, 2015).  As mentioned previously, 

accretion of lean tissue requires significantly less energy than the equivalent weight of fat 

deposition and hence maximising lean growth enhances efficiency (Whittemore, 1986).   

Process of lean growth 

The initial step in protein biosynthesis involves the generation of an mRNA chain using a 

single strand of the organisms genomic DNA as a template (Wu et al., 2009).  This process 

occurs in the nucleus and encompasses three generic steps known as initiation, elongation and 

termination, with the overall pathway termed transcription.  Following transcription, the 

newly synthesised mRNA is exported from the nucleus to the cytoplasm where it is bound by 

ribosomes and the process of translation occurs.  Ribosomes decipher the genetic code 

presented by the mRNA and then assemble amino acids carried by charged tRNA molecules 

into a specific order.  This process employs complementary base pairing laws to ensure the 

encoded polypeptide chain is manufactured.  During the elongation phase of translation, ester 

bonds are formed between adjacent amino acids and following termination and post 

translational modification, protein biosynthesis is complete.  Proteins can also be ingested.  

Following ingestion, proteins are degraded into their constituent amino acids in the intestine, 

transported across the intestinal epithelia and trafficked to various tissues around the body via 

the bloodstream (Broer, 2008).  They are then employed in various pathways, functioning as 

energy metabolites, precursors for bioactive molecules or in processes such as protein 

synthesis.  Hence amino acids are an essential requirement for protein synthesis in muscle 

during the growth process, as well as replenishing protein stores following any loss during 

maintenance.  Skeletal muscle growth is largely controlled by two major signalling pathways.  

The insulin-like growth factor 1-phosphoinositide-3-kinase-Akt/protein kinase B-mammalian 
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target of rapamycin (IGF1-PI3K-Akt/PKB-mTOR) pathway promotes muscle growth, 

whereas the mypstatin-Smad3 pathway inhibits skeletal muscle growth (Schiaffino et al., 

2013).  It is only when the rate of protein biosynthesis exceeds that of protein degradation that 

protein deposition occurs.  At this stage protein is laid down in the animal’s tissues and net 

growth is observed.  Recent studies have shown modern commercial pigs are now capable of 

depositing protein at a rate of 150g/day during the growing period (Remus et al, 2019).  

However this process is also key to the development of neonatal piglets, with the rapid 

acquisition of skeletal muscle termed muscle hypertrophy.  On occasion, the rate of protein 

degradation can exceed that of protein synthesis and muscle atrophy occurs.  Factors 

promoting muscle atrophy include starvation, aging, disease and physical injury.   

Using diet to facilitate maximal protein growth potential 

Protein growth potential is a function of both weight and maturity status and hence both must 

be considered when estimating nutritional requirements (Whittemore and Kyriazakis, 2006).   

Indeed, provided no other nutrients are limiting, there is generally a linear relationship 

between energy intake and lean growth of the pig up to the maximum lean growth potential 

(Campbell et al, 1988).  In order to achieve maximal lean deposition, pigs must have access to 

feed containing adequate levels of protein in an optimum ratio to dietary energy (Van Lunen 

and Cole, 2001).  Pigs acquire a large proportion of their amino acid requirements from feed 

intake, either in the form of milk for neonates or commercial rations for more developed 

animals (Wu, 2010).  Amino acids can be classified as either essential or non-essential.  

Essential amino acids refers to those which must be obtained from dietary intake, as the body 

lacks the chemical mechanisms required for synthesis (Mahan and Shields, 1998).  In 

contrast, non-essential amino acids can be synthesised by the body.  A deficiency in either 

essential or non-essential amino acids will prevent pigs from achieving their lean growth 

potential.  As lysine is the first amino acid to become limiting in pig diets, the inclusion rate 
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of amino acids in diets are usually formulated relative to lysine to ensure an adequate supply 

(National Research Council, 1998).     

A variety of studies have been conducted to evaluate the impact of varying dietary protein 

allowance on pig performance.  Literature is in a general agreement that increasing dietary 

protein allowance will improve weight gain as well as feed conversion ratio up to an optimum 

point, which may confer further economic benefits (Htoo and Morales, 2017; Magowan et al, 

2011b; Yoosuk et al, 2012; Kyriazakis and Emmans, 1992; Cho et al, 2012).  For example 

Conde-Aguilera (2014) showed that when pigs weighing between 10-25kg were provided 

with rations in which crude protein content was increased (123g/kg vs 301g/kg) they 

displayed a significantly greater ADG with improved protein deposition (35.6g/day vs 

50.1g/day).  However a conflict of interest exists as many studies have highlighted a reduction 

in protein content of diets as a potential solution to counteract increasing feed costs and 

environmental excretion of ammonia (Liu et al, 2015).  Indeed the supply of surplus amino 

acids will result in wastage, which has a financial cost as protein is an expensive commodity 

(van Milgen and Dourmad, 2015).  Furthermore, excess amino acids require deamination by 

the body before elimination and not only is this process energy demanding, it also leads to 

increased levels of nitrogen excretion and potential environmental contamination.  Identifying 

the optimal level of each amino acid continues to prove both problematic and controversial, 

with many studies publishing conflicting findings for recommended dietary intakes of each.  

For example, Wu (2014) carried out a review of the literature and Table 2.1 below outlines 

the recommended dietary intake of key amino acids for 10-20kg growing pigs in a range of 

studies.  Hence further research is required to ascertain the optimal dietary amino acid level 

required to facilitate protein deposition and growth in the present-day gene pool of modern 

commercial pigs.    
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Table 2.1. Proposed amino acid compositions for ideal proteins for 10–20 kg growing pigs1 

(% of lysine) (Wu, 2014)  

1These ratios are based on true digestible levels of amino acids in diets, except for ARC (1981). 

Except for glycine, all amino acids are L-isomers. 
2Taken from Baker (1997). The body proteins in 20–45 kg pigs contain 63 g lysine/16 g nitrogen. 
3These ratios are based on total amino acids in the diet. The total level of lysine in the diet is 1.10% 

(as-fed basis; 90% dry matter). 
4The diet contains 1.20% true digestible lysine (as-fed basis; 90% dry matter). 
5The diet contains 1.01% true digestible lysine (as-fed basis; 90% dry matter). 
6Provided as the nitrogenous source for synthesis of other NEAA in animals. 
aDietary requirements are for 25–50 kg gilts. 
bDietary requirements are for 10–20 kg pigs. 
cThe ratio of L-methionine to L-cystine is 1:1. 
dThe ratio of L-phenylalanine to L-tyrosine is 53:47. 
eThe ratio of L-methionine to L-cystine is 47:53. 
fThe ratio of L-phenylalanine to L-tyrosine is 64:36. 

Amino acid Amino acid content 

in the carcass2 

ARC 

(1981)3  

Wang-Fuller 

(1989)4,a  

Chung-Baker 

(1992)4,b  

NRC 

(1998)4,b  

Baker 

(2000)  

Arginine 91 - - 42 42 42 

Histidine 47 33 - 32 32 32 

Isoleucine 53 55 60 60 54 60 

Leucine 111 100 110 100 102 100 

Lysine 100 100 100 100 100 100 

Met + Cys 49 50 63 60c  57e 60c 

Phe + Trp 100 96 120 95d 94f 95d 

Proline - - - 33 - - 

Tryptophan 12 15 18 18 19 17 

Threonine 61 60 72 65 62 65 

Valine 72 70 75 68 68 68 

Glutamate6 - - 826 878 - - 
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Factors affecting rate of lean growth 

The lean growth rate of swine is influenced by a range of factors.  The upper lean growth 

potential of the animal is dictated by both genotype and gender (Latorre et al., 2004).  This is 

highlighted by the superior growth rate of boars when compared to gilts.  Whilst studies show 

lean growth potential to be heritable, it is a consequence of complex interactions between 

multiple genes (Meng et al, 2016).  Thus it is unlikely that conducting genetic analysis such as 

a gene probe in early life will allow for the identification of high growth potential pigs.  

Environmental factors are a further consideration when interpreting the lean growth rate.  

Studies have heightened the awareness of the detrimental impact environmental stresses can 

impose on the lean growth rate of pigs.  Extreme temperatures, poor pen design, 

overcrowding and disease can depress growth performance (Schmolke et al., 2003, O’Driscoll 

et al, 2017).  Indeed some researchers have claimed disease can reduce lean growth by up to 

30% (Williams et al, 1997).  Farmers must understand the underlying mechanisms by which 

stress impacts animal performance if maximum lean growth potentials are to be achieved and 

it is critical that exposure to environmental stresses is minimised.    

Calculating lean growth 

Whittemore and Kyriazakis (2006) demonstrated how daily rate of protein retention in pigs can 

be calculated as: 

B.Wp.ln (Ap/Wp)  

where B is a constant, Wp describes the protein mass at any given time and Ap denotes protein 

mass at maturity.  However both A and B in this equation are strongly influenced by genotype 

and gender (Luo et al, 2015).  Such calculations can aid construction of lean growth curves by 

monitoring the change in lean growth rate at different stages of production.  This is 

particularly valuable when developing phase feeding regimes for pigs.  Such curves assist 
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when determining the point at which the cost of marginal gains in lean content is no longer 

economically viable and can also allow an optimal slaughter weight to be determined.  

2.1.3 Adipose tissue and fat deposition 

Process of fat deposition 

Within the context of animal biology, adipose tissue primarily functions as an energy store as 

well as providing protection and insulation for the body. (Birbrair et al., 2013).  Fatty acid 

synthesis, or lipogenesis, is centred on acetyl Co-A, a metabolic intermediate formed during 

the metabolism of simple sugars (Shi and Tu, 2015).  It is the process of lipogenesis and 

subsequent triglyceride synthesis which facilitate energy storage in the form of fats.  The 

synthesis of adipose tissue appears to be under the partial control of both hormonal and 

transcriptional regulation.  The hormone insulin drives lipogenesis through activation of 

enzymatic pathways (Kerston, 2001).  In contrast, the hormone leptin functions to inhibit 

lipogenesis by supressing glucose uptake and hence reducing fat storage.  Transcriptional 

regulation of lipogenesis is under the control of the sterol regulatory element-binding protein 

(SREBP) transcription factor (Shimano et al., 1999).  Indeed the expression and inhibition of 

lipogenic genes in response to glucose or insulin is moderated by SREBP-1 and SREBP-2 

respectively.   

As fat deposition and its regulation is genetically encoded, these characteristics will differ 

with pig gender and genotype.  Indeed boars typically express lower levels of lipid accretion 

than gilts and are associated with a comparatively leaner body composition or a higher lean to 

fat ratio (Latorre et al, 2003; Brana et al, 2013).  Whilst genotype also has an effect, the main 

pig breeds employed in modern commercial meat production, such as Large White, Landrace 

and Duroc, share the characteristic of an associated low fat content at a slaughter weight of 

120kg (Switonski et al, 2010).  The accumulation of fat tissue in pigs can also be a 
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consequence of nutritional conditions.  This can be in the case of a dietary imbalance such 

that energy intake has surpassed the nutritional requirements for maintenance and growth of 

lean tissue (Luo et al, 2015).  In such instances surplus energy is partitioned towards lipid 

accretion.  Alternatively, fat accretion can be prioritised to lean growth for physiological 

reasons such as in pregnant sows preparing for lactation or in preparation for expected feeding 

restriction (Whittemore and Kyriazakis, 2006).     

 Importance of adipose tissue in pigs 

Fat reserves play an important role in the biology of the pig.  Indeed a basal level of 

approximately 4% body lipid must be expressed by the animal to permit normal metabolic 

function (Whittemore and Kyriazakis, 2006).  As piglets are born with low body lipid reserves 

(1-2%) they must rapidly accumulate fat in order to survive (Zhang et al, 2018).  By day 21 it 

is not uncommon for piglets to express levels of body lipid in excess of 15%, highlighting the 

importance of colostrum and milk uptake for early development and survival (Quinou et al, 

2008).  Whilst fat stores are required to achieve optimal deposition of lean tissue, as well as to 

maximise feed efficiency and weight gain (Park et al., 2012), surplus fat deposition is 

regarded as a waste.  Studies show that body fat accretion in the pig demands approximately 

four times more energy than that required for equivalent lean growth, largely due to the 

difference in water content (Whittemore, 1986).  In growing and finishing pigs, lipid gain is 

primarily a function of feed intake.  Indeed Carco et al (2018) showed an increase in feed 

intake from 2.3 kg/day to 2.9 kg/day in finishing pigs resulted in a 14% increase in the 

proportion of fat in the carcass.  Hence post-weaning growth is a balancing act for producers 

who must carefully manage nutrition and feeding behaviour to facilitate maximum lean 

growth whilst also curtailing excessive lipid accretion in order to maximise farm efficiency 

and profitability.    
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Fat content of animals is also an important factor from a consumer standpoint.  It remains an 

unpopular constituent for many meat consumers as it is regarded as unhealthy.  Indeed it is 

widely accepted that excessive animal fat consumption can contribute to the onset of 

conditions such as Type II diabetes (Zhang et al., 2016).  However a minimal level of fat 

content in meat is desirable as it contributes to the tenderness, juiciness and flavour as well as 

having significant nutritional value (Wood et al., 2008).  The combination of producer and 

consumer pressures has led to the selection of genetically leaner pigs capable of more 

efficient deposition and utilisation of protein and producing a carcass with an increased lean 

meat percentage (Zhang et al., 2016).  Chen et al (2002) estimated that average backfat 

thickness of slaughter pigs is being reduced by 0.4mm with each year of selection.  However 

this has led to marbling fat falling below 1% in modern commercial pig breeds (Wood et al, 

2008), a marked decrease on the 2-4% scores recorded in older studies (Wood, 1990).  Indeed 

this work has shown a positive correlation between marbling fat in longissimus muscle and 

P2 fat thickness, with 0.55, 0.66 and 0.96g/100g of marbling fat in pig carcasses recording 

8 mm, 12 mm and 16 mm P2 fat thickness respectively.  Marbling level is an important trait 

for palatability and ensuring consumer acceptability of pork (Ngapo and Gariépy, 2008).  It is 

therefore clear that adequate fat reserves are required to maintain pig health, maximise lean 

growth and ensure satisfactory meat quality.  However, as surplus lipid accretion is highly 

energy demanding and of little value in the carcass, excessive fat production must be 

prevented to maximise efficiency and ensure sustainability of pork production.   

2.2 Differing growth trajectories of high and low birth weight pigs 

The use of prolific genotypes across the pig industry has resulted in a continuing increase in 

litter size (Beaulieu et al., 2010; Baxter et al., 2013; Rutherford et al., 2013).  This trend has 

also been observed locally, with an increase of 3.5 piglets born alive per litter over the past 10 

years within the NI pig industry (Donnelly, 2019).  This increase has been associated with 
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elevated numbers of non-viable low birth weight piglets recorded on commercial farms.  

Indeed Quinou et al (2002) showed a reduction of 330g in average birth weight and 

significantly greater birth weight variation in large litters (>16 piglets) compared to small 

litters (<11 piglets).  Furthermore recent data monitoring reproductive performance of 

commercially employed crossbred sows indicates that 15-25% of newborn piglets now record 

a birth weight under 1.1kg (Wang et al, 2017).  A regression analysis undertaken by Bealieu 

et al (2010) is shown in Figure 2.4 and clearly illustrates the negative relationship between the 

number of piglets born alive in a litter and piglet birth weight.  With the current trend of 

increasing litter size projected to continue, the presence of low birth weight pigs is now well 

established as a chronic problem.   

 

 

 

 

 

 

Figure 2.4. Regression analysis showing the relationship between the number of piglets born 

alive in the litter and piglet birth weight (Beaulieu et al, 2010) 

2.2.1 Biological cause of low birth weight pigs 

Multiple studies have shown a negative genetic correlation between litter size and birth 

weight (Quiniou et al, 2002; Kaufmann et al., 2000; Fix and See, 2008).  This trend is a result 

of complex biological events encompassing genetics, uterine capacity, sow nutrition, 

y = −0.0374x + 1.85 

R2 = 0.092 
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placental efficiency and environmental factors.  The major causes contributing to the 

increased incidence of low birth weight pigs are outlined below.     

Uterine capacity 

The uterine capacity of a sow describes the number of fully developed foetuses which can be 

physically maintained by its uterus until birth and is a major determinant of reproductive 

performance.  There is now evidence in the scientific literature showing sows lack the 

physical capacity to facilitate maximal growth of the increased number of foetuses during 

gestation, resulting in an increased number of low birth weight piglets.  Indeed studies have 

shown uterine capacity can become critical from as early as day 35 of gestation, when 

littermates begin to compete for limited space and nutrition (Ji et al, 2017).  As gestation 

progresses, foetal location within the uterine horn also becomes increasingly important for 

growth.  Various studies have shown a linear increase in foetal weight moving from the cervix 

to the utero-tubal junction at day 70 (Wise et al, 1997), 90 (Che et al, 2016) and 110 (Kim et 

al, 2013) of gestation.  Indeed as farrowing approaches, intra-uterine location can affect foetal 

weight by up to 200g.  Therefore limited uterine capacity also contributes to an increased 

within-litter weight variation (Vallet et al, 2014) which becomes increasingly more 

pronounced as gestation progresses.  For example, Kim et al (2013) reports how co-variance 

for within-litter weight differences increased by 6% between days 45 and 112 of gestation.      

Intra-uterine growth retardation 

It is believed that with large litters, uterine blood flow is not sufficient to support the large 

number of foetuses carried by the modern commercial sow (Père and Etienne, 2000).  This 

can lead to impairment of both foetal and placental growth in a process known as intra-uterine 

growth retardation (IUGR) (Town et al, 2004).  Indeed Ashworth et al (2001) showed the 

placenta supplying the smallest foetus was disproportionately small, with a reduced capacity 
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for the transport of nutrients.  The net result is the development of piglets with lower birth 

weights which often express a high brain:liver weight ratio in a phenomena known as ‘brain-

sparing’ (Town et al, 2005).  This alteration in organ size is an adaptive response to the 

nutrient restriction imposed upon the developing foetus whereby limited nutrient supply is 

directed primarily to the brain. This often has ramifications for intestinal morphology and 

enzyme secretion (Roza et al, 2008; Foxcroft et al, 2009).  Furthermore, Wang et al (2013) 

showed a differential rate in expression of proteins relating to energy supply as well as muscle 

structure and function in IUGR-affected piglets.  Hence, in addition to lowering average birth 

weight, IUGR can have a permanent effect on body structure, metabolism and physiology.  

This threatens to pose major economic consequences to commercial meat production by 

impairing feeding efficiency and reducing lean percentage in carcasses (Nissen and Oksbjerg, 

2011).   

Head morphology provides an indication of the extent to which an animal has been affected 

by IUGR, with a steep ‘dolphin-like’ forehead, bulging eyes and wrinkles perpendicular to the 

mouth all indicative of retarded growth (Hales et al, 2013).  Amdi et al (2013a) demonstrated 

how small pigs at birth showing severe signs of IUGR record lower colostrum intake and 

weight gain during lactation when compared to those expressing mild signs of IUGR, as well 

as those with normal physiology.  Furthermore, Hansen et al (2018) found piglets exhibiting 

IUGR phenotypic traits are associated with a five times greater risk of pre-weaning death.  

Finally, Lynegaard et al (2019) showed IUGR pigs to record smaller organs at weaning as 

well as an inferior ADG from birth to weaning and weaning to 30kg liveweight when 

compared to pigs with normal physiology.  However this may have been influenced by the 

lower birth weight of the IUGR pigs employed in the study (0.75kg vs 1.38kg).  These 

findings could suggest morphological traits of IUGR provide a more accurate indication of 

future performance than animal birth weight.  
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Selecting against IUGR in breeding programmes is being investigated as a prospective 

solution to the many negative effects associated with compromised pigs.  However recent 

work by Matheson et al (2018) has quantified the heritability of IUGR at the piglet level to be 

low (0.01 ± 0.01) and hence direct selection at this level would be slow.  This work concluded 

that targeting the proportion of IUGR affected piglets at the sow level gave a much stronger 

heritability (0.20 ± 0.06) and this is the focus of ongoing investigation.  The role of maternal 

stress and epigenetics in the regulation of foetal growth and IUGR is also being 

investigated.  For example, Ladinig et al (2014) discussed how maternal malnutrition during 

gestation can induce negative epigenetic changes which are still evident in subsequent 

generations of offspring.  Furthermore, Cumberland et al (2017) used a guinea pig model to 

show how combined IUGR and pre-natal stress negatively impacts on the neurodevelopment 

of the foetus.  Further work is required in this area. 

Gestation nutrition 

Sow nutrition during gestation has also been found to influence birth weight.  Increased 

intake, particularly during the final trimester, has been shown to increase the birth weight of 

progeny.  Indeed studies by Cromwell et al (1989) concluded that increasing rations by 

1.36kg per day from day 90 of gestation significantly increased piglet birth weight (1.48kg vs 

1.44kg).  Furthermore, Amdi et al (2013b) demonstrated how increasing gestation dietary 

allowance from 1.8kg/day to 3.5kg/day up until day 90 of gestation significantly increased 

average piglet birth weight (1.41kg vs 1.53kg; P<0.05).  There is clear evidence in the 

literature that dietary restriction during gestation will impair foetal growth as a consequence 

of diminished vascular development and placental growth in the sow (Wu et al., 2006; 

Schoknect, P., 1994).  Such effects are magnified in young gilts which often compete with 

their foetus for nutrients.  Many gestational feeding strategies have also been trialled with the 

aim of improving the pre-natal growth and differentiation of myofibers.  Indeed Dwyer et al 
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(1994) demonstrated how increasing sow feed allowance from 2.5kg/day to 5kg/day from day 

25 to 80 of gestation tended to increase the secondary:primary myofiber ratio of offspring, 

resulting in improved growth and feeding efficiency during the grower period.  However 

more recent work has shown limited benefit of increasing sow gestational feed intake on 

muscle fibre development (Lawlor et al, 2007; Cerisuelo et al, 2009).  Furthermore, as the 

majority of previous studies in this area did not employ hyperprolific sows, further work is 

required (Bee, 2017).    

Genetics and parity of birthmother                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

The genetic basis of the mother can influence piglet birth weight, with specific sow lines 

selected to produce larger progeny (Ladinig et al., 2014).  The birth weight of offspring from 

conventionally larger breeds of sows will exceed that of typically smaller animals in what is 

known as a transgenerational effect.  A further factor influencing birth weight is parity.  

Quesnel et al (2008) compared the average birth weight of piglets born from primiparous and 

multiparous sows and showed animals born to multiparous sows to have a heavier average 

birth weight (1.45kg vs 1.64kg).  Finally, low birth weights can be attributed to premature 

farrowing, as important foetal development occurs within the final few days of gestation 

(Vanderhaeghe et al., 2010).  Multiple factors can contribute to premature farrowing 

including dietary intake and environmental stress.  Furthermore, farrowing is often artificially 

induced for the convenience of farm management by employing the luteolytic effect of 

prostaglandins.  In this case, care must be taken to ensure farrowing is induced only after 

sufficient time has been awarded for the completion of foetal growth and development.  

Indeed it is not recommended for sows to be induced more than one day prior to their due date 

(O’Driscoll et al, 2017).  
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2.2.2 The relevance of low birth weight pigs 

Animal growth, feeding efficiency and mortality  

The continuing increase in the number of low birth weight pigs has financial and welfare 

implications on commercial farms.  Indeed they are of major economic significance to pig 

producers, with studies quantifying that these animals have increased pre-weaning mortality, 

lower growth rates and higher fat composition compared to their heavier counterparts.  

Arguably the major issue with compromised piglets is the elevated level of pre-weaning 

mortality they record (Milligan et al., 2001; Quesnel et al., 2008; Kapell et al., 2011).  

Quiniou et al (2002) found that piglet pre-weaning survival curves differed significantly 

between different birth weight classes, as shown in Figure 2.5.  Indeed Ferrari et al (2014) 

found that piglets with a birth weight below 1.2kg recorded a 10% greater mortality rate than 

those born above 1.2kg.  Furthermore, figures from Marchant et al (2000) have shown pigs 

with birth weights of 1.1kg or less can display levels of pre-weaning mortality up to 28%.  

When compared to the average pre-weaning mortality of 12.7% recorded within the Northern 

Ireland pig industry (Donnelly, 2018), this highlights the obvious financial and welfare 

implications of these compromised pigs.   
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Figure 2.5. Survival curves and 95% confidence intervals by birth weight class for piglets 

after cross-fostering; numbers in brackets correspond to the number of observations (Quiniou 

et al, 2002)  

With regard to performance, studies have shown pigs with a birth weight of 1.20kg or less can 

take an additional ten days to reach market weight (Beaulieu et al., 2010).  This complicates 

farm management as well as reducing pen utilisation efficiency.  Magowan and Armstrong 

(2015) quantified that pigs weaned 2kg lighter than average had a reduced margin over feed 

of up to £3 per pig.  Considering the number of animals on large commercial farms, the cost 

of this reduced feeding efficiency represents a significant financial burden to producers.  It is 

therefore paramount that systems are developed to reduce the effect of low birth weights on 

corresponding low weaning weight and reduced lifetime performance.  Such effective 

management techniques will reduce the age of animals at slaughter and significantly lower 

feed costs.  Furthermore, improving the performance of low weight pigs will encourage 

uniform growth, improve pen utilisation efficiency and reduce spread in slaughter weights.  

This is of major importance to farmers as payments are based on strict contract specifications 

relating to slaughter weight and failure to meet these results in substantial financial penalties.   
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Low birth weight also has implications for lifetime performance and longevity of sows.  For 

example, studies have correlated low birth weight in gilts to reduced litter sizes at subsequent 

farrowings.  Indeed gilts weighing less than 1kg at birth recorded an average reduction of 4.5 

piglets across the first three parities (Magnabosco et al., 2016).  From this it is clear that low 

birth weight pigs significantly impair optimal performance and profitability.     

Carcass characteristics and meat quality  

The increased range of globally sourced products now available in retail stores has led to 

consumers requesting premium quality pork in terms of taste and nutritional value.  A range 

of parameters influence the quality of pork such as water holding capacity, pH, shear force, 

sensory attributes, tenderness and juiciness (Choi et al., 2014).  As pig price is almost solely 

dependent on the forces of demand and supply, the market requires producers to ensure 

quality is maximised so they can compete globally. 

The poor performance associated with low birth weight is not restricted to mortality and 

liveweight gain.  Indeed when compared to heavier counterparts, Rehfeldt et al (2008) 

showed low birth weight animals to record an equivalent level of back fat thickness as well as 

a greater percentage of peri-renal fat (1.96% vs 1.71%) and intramuscular fat (1.14% vs 

0.93%), despite their smaller size.  These body parameters, along with a reduced loin muscle 

area (45.51cm2 vs 48.79cm2) and ham length (29.65cm vs 20.16cm) were attributed to the 

smaller number but larger size of myofibrils in low birth weight pigs.   

An inferior muscle fibre network reduces the lean meat growth potential of low birth weight 

animals.  In reality, low birth weight pigs often divert surplus energy into lipid deposition 

contributing to a poorer meat quality in terms of lean meat percentage as well as drip loss, 

tenderness and water holding capacity (Pardo et al, 2013; Bee, 2004; Rehfeldt et al, 2008).  

Indeed Gondret et al (2005) compared the carcass characteristics of light (0.75kg – 1.25kg) 
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and heavy (1.75kg – 2.05kg) birth weight pigs at slaughter and found that the carcasses of 

light birth weight pigs had reduced lean meat content, increased back fat and a lower 

proportion of ham and loin compared to heavier counterparts.  Furthermore, a trained sensory 

test panel employed by Gondret et al (2006) judged the roast loin meat of low birth weight 

pigs to be significantly less tender relative to meat from heavy birth weight pigs.  This is in 

agreement with work by Wood et al (2008) which showed pigs exhibiting a slower growth 

rate produce less tender meat.  Rehfeldt et al (2008) demonstrated how the characteristic 

formation of giant fibres, as a result of excessive hypertrophy, in low birth weight pigs can 

also impair meat quality with respect to pH and drip loss in comparison to the optimal pork 

quality recorded in middle birth weight animals.   

Various intervention strategies have been trialled to alter carcass characteristics and meat 

quality in pigs, some of which have been tailored specifically to low birth weight animals.  

However to date these have had minimal benefit.  Madsen and Bee (2014) employed a 

compensatory growth feeding strategy tailored specifically to low birth weight pigs in an 

attempt to alleviate the negative impact of the inferior muscle fibre network associated with 

these animals on pork quality, specifically in terms of lean content, water holding capacity 

and tenderness.  However this regime had no significant effect on carcass composition of 

compromised animals.  Bee (2004) attempted to minimise the effect of inferior muscle fibre 

development in low birth weight pigs by offering sows a high energy diet during the first 50 

days of gestation.  However no difference in fibre area was observed between pigs from sows 

offered a high or low energy intake during gestation (78.85 μm2 vs 78.55 μm2).  Furthermore 

low birth weight pigs still tended to record a larger longissimus muscle fibre area than those 

of a heavier birth weight (3.12μm2 vs 3.50μm2).  Wolter et al (2002) trialled the use of a 

supplementary milk replacer during lactation to improve growth performance and carcass 

characteristics of low birth weight pigs.  However provision of supplementary milk had no 
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significant effect on backfat depth, loin depth or lean meat percentage, with gender found to 

be a major factor in determining these parameters.   

These findings have highlighted the carcass and meat quality of low birth weight pigs is a 

potential area of concern due to the continual increase in sow prolificacy.  It is important to 

establish if interventions improving performance of low birth weight animals is economically 

feasible despite producing a potentially fatter carcass.  Additionally, further work is required 

to develop intervention strategies which promote maximal lean growth of low birth weight 

pigs to ensure optimal carcass and meat quality is achieved.    

 2.2.3 Impaired lifetime performance in low birth weight pigs 

Muscle fibre development 

Low birth weight pigs display numerous biological characteristics which contribute to their 

impaired lifetime performance.  Uterine crowding during early gestation restricts nutrient 

availability to some embryos at a critical period of myogenesis, affecting muscle fibre 

development (Bee, 2004).  The muscle fibre composition of compromised piglets has a major 

influence on subsequent growth performance, with lean growth dependant on the number of 

muscle fibres present at birth (Handel and Stickland, 1987).  Studies have shown low birth 

weight pigs to exhibit a reduced number of muscle fibres, yet a greater cross-sectional area as 

well as an increased percentage of connective tissue.  For example, Rehfeldt and Kuhn (2006) 

showed low birth weight pigs to record a 650μm2 greater fibre area on average than heavier 

counterparts.  This same study also showed low birth weight pigs to express 50,000 fewer 

total fibres at birth than medium weight pigs (290,000 vs 340,000), as shown in Figure 2.6.  

This figure had increased to 250,000 by slaughter (900,000 vs 1,150,000), supporting the 

premise that post-natal muscle development in pigs is almost solely dependent on the growth 

or hypertrophy of muscle fibres present at birth.  These results were in agreement with 
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Gondret et al (2005) which showed low birth weight pigs to possess 19% fewer total fibres 

but a 14% greater cross-sectional area than heavier counterparts.  Lazul et al (1997) concluded 

the rate of muscle fibre hypertrophy in light weight pigs must actually exceed that of their 

heavier counterparts as similar fibre size was recorded in both heavy and light birth weight 

pigs when measured at 150 days of age.  Literature is in general agreement that nutrient 

restriction during gestation limits the differentiation of primary muscle fibres to secondary 

muscle fibres in smaller foetuses (Bee et al, 2004; Rehfeldt and Kuhn, 2006)  Indeed 

Wigmore and Stickland, 1983) concluded the larger diameter of primary fibres of larger 

developing foetuses supported greater development of secondary muscle fibres.  The resulting 

difference in primary:secondary muscle fibre ratio limits animal growth potential and is 

central to the impaired lifetime performance of low birth weight pigs. 

 

 

 

 

 

Figure 2.6. Total and secondary muscle fibre numbers of semitendinosus muscle in different 

birth weight groups (LW = low, MW = middle, HW = heavy) of newborn piglets (Rehfeldt 

and Kuhn, 2006).   

 

Organ development 

The presence of smaller organs is also typical of compromised piglets and is usually a direct 

consequence of a placental insufficiency during gestation (Roza et al, 2008).  This often 
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results in the preferential flow of blood to the brain at the expense of other vital organs.  

Indeed all brain:organ weight ratios have been shown to be higher in low birth weight piglets 

in a phenomena known as brain sparing (Foxcroft et al, 2009).  This can often result in the 

severe dysfunction of multiple organs.  In particular the increased brain:liver weight ratio seen 

in compromised piglets is indicative of intra-uterine growth retardation and can have long 

lasting detrimental effects on body structure and physiology, as well as metabolism.  For 

example, Liu et al (2013) found 22 differentially expressed proteins in the liver of low birth 

weight pigs which had been subjected to gestational nutrient restriction.  These proteins were 

key to cell structure as well as for the metabolism of nutrients and subsequent growth.  

Results also indicated compromised pigs have a reduced capacity for detoxification in the 

liver, placing them at risk of a variety of fatal conditions.  Additionally, Wang et al (2014) 

identified 59 differentially expressed proteins in compromised pigs relating directly to 

intestinal growth and development.  In this study low birth weight pigs also recorded 

increased abundance of proteins and enzymes associated with oxidative stress and protein 

degradation, as well as a reduced abundance of proteins required for protein synthesis and 

energy metabolism.  This work concluded that low birth weight pigs exposed to IUGR were 

predisposed to an array of gut and metabolic defects.  Finally, proteomic analysis by Wang et 

al (2013) showed 37 proteins which participate in protein metabolism as well as the structure 

and function of muscle fibres were differentially expressed in low birth weight pigs when 

compared to normal birth weight counterparts.   

The collective impaired development and dysfunction of organs and tissues outlined above 

can have catastrophic effects on digestion, absorption, metabolism of dietary nutrients and 

growth in low birth weight piglets throughout their lifetime.  This can help explain the 

underlying factors responsible for the permanent decrease in post-natal growth performance 

and efficiency of nutrient utilisation in compromised piglets.  
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Digestive development 

A further biological feature of compromised piglets is impaired development of the digestive 

system.  This can manifest itself in many ways including a decrease in digestive enzyme 

secretion and reduced height of duodenal mucosae at birth.  Interestingly Alvarenga et al 

(2012) showed not only was a reduced mucosal height observed in low birth weight pigs at 

birth (485 vs 610µm), it was maintained to slaughter at 150 days (801 vs 923µm).  D’Inca et 

al (2011) also showed how low birth weight pigs express delayed feeding-induced gut 

adaptation and altered bacterial colonisation.  This manifested as a lower ileal density, 

reduced villous area (-20% to -30%), a 150% higher expression of the peptide transporter 

PEPT1 and enhanced bacterial adhesion and translocation on each of the five days following 

birth.  Furthermore Wang et al (2010) employed temporal proteomic analysis to identify 56 

differentially expressed protein spots in the intestine of low birth weight neonates.  These 

proteins were responsible for key biological processes such as nutrient digestion, absorption 

and transport as well as cell structure and energy metabolism.        

The physiological consequences of this impaired digestive development includes a reduction 

in digestive capacity and nutrient utilisation as well as increased susceptibility to intestinal 

disease (Morise et al, 2007).  As a result of their compromised digestive system, lighter pigs 

have been shown to display an inferior feed conversion efficiency, meaning they require more 

feed to match the daily gain of their heavier counterparts (Gondret et al, 2006).  Finally, the 

diminished intestinal integrity of low birth weight pigs is thought to contribute significantly to 

the elevated rates of pre-weaning mortality compared to normal high birth weight animals 

(Wang et al, 2005).  It is clear impaired digestive development is a major contributor to the 

reduced efficiency and profitability of low birth weight pigs.  This also raises the important 

issue of diet formulation.  It may be necessary to offer specifically tailored diets to 
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compromised animals in order to ensure maximal efficiency and growth is achieved across all 

birth weights.  

Post-natal hypothermia  

A major cause of mortality following farrowing is post-natal hypothermia, which describes 

the significant reduction in piglet body temperature post parturition.  This occurs as a result of 

the dramatic change in ambient temperature experienced by piglets as they move from 40oC 

heat in the uterus to approximately 25oC in the farrowing room environment, which is more 

suited to the comfort of lactating sows (Tuchscherer et al., 2000).  Many biological and 

environmental factors dictate the ability of neonates to recover, with the major physiological 

determinant being birth weight.  The high surface area:body weight ratio and limited body fat 

of low weight pigs restricts their thermoregulatory capacity, increasing susceptibility to post-

natal hypothermia (Herpin et al., 2002).  Caldara et al (2014) reported a positive correlation 

between piglet birth weight and surface temperature both 30 and 45 minutes after birth.  

Furthermore, Kammersgaard et al (2011) showed a strong correlation between birth weight 

and rectal temperature two hours post-farrowing, which in turn affected time to first suckle 

and where the animal positioned itself following birth.  Post-natal hypothermia can also 

increase susceptibility to disease, delay colostrum intake and increase the likelihood of 

crushing due to the lethargic movement of chilled piglets (Caldara et al, 2014).  The net result 

is often a reduction in weaning weight which often carries over into the growing and finishing 

phases.  Literature has clearly highlighted birth weight as the single most important factor in 

successful recovery from post-natal hypothermia.  This emphasises the importance of a 

supplementary heat source and bedding material during farrowing to promote survival and 

growth of low birth weight piglets.  
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Birth order 

Although not extensively studied, evidence suggests birth order can be influenced by birth 

weight, with the heaviest pigs in a litter born earlier (Friend and Cunningham, 1966; Motsi et 

al., 2006).  The later born, low birth weight pigs will have reduced uptake of colostrum and 

milk as they are outcompeted by stronger and more developed litter mates, restricting access 

to the higher quality teats.  In addition, production of colostrum in sows decreases rapidly 

after parturition, again reducing availability to later born low birth weight animals (Klobasa et 

al, 2004).  Cabrera et al (2012) demonstrated how piglet birth order accounted for 4% of the 

variation observed in piglet serum IgG concentration.  Indeed there was an average difference 

of 500 mg/dl in serum IgG between the first and last piglets born in the litter.  This is in 

agreement with Le Dividich et al (2017) which showed serum IgG concentration to be 29.5% 

higher in the first two piglets born in a litter than the last two piglets born. 

Colostrum is essential as it provides both energy and passive immunity.  Indeed humoral 

immunity of neonates is almost solely dependent on the uptake of immunoglobulins in 

colostrum and provides protection until the piglet’s own immune system has developed 

sufficiently to cope with environmental pathogens (Rooke and Bland, 2002; Le Dividich et 

al., 2005).  Therefore piglets born later in the litter, which are often of low birth weight, are 

predisposed to many conditions associated with pre-weaning mortality such as postpartum 

dysgalactia syndrome (PDD) due to inadequate colostrum uptake (O’Driscoll et al, 2017).      

Premature farrowing 

Where sows farrow prior to reaching their 114 day gestation length, they often give birth to 

low birth weight and immature piglets, as foetuses undergo significant development in the 

final few days of gestation (Cromwell et al, 1989; Wu et al, 2006).  Although this can occur 

naturally, it can also be due to the artificial induction of farrowing using prostaglandins.  
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Gaggini et al (2012) showed how litters which were born before 114 days of gestation 

contained more piglets which also had a lower average birth weight, a higher percentage of 

low birth weight pigs and a reduced piglet survival compared to litters which were born after 

a full gestation period.  It is possible the larger litter sizes associated with more prolific 

modern genetics contribute to this premature farrowing due to limited uterine capacity.  This 

is in agreement with a retrospective study conducted by Vanderhaeghe et al (2010) based on 

60,990 farrowings which found that sows with a gestation length under the normal 114 days 

had a significantly larger litter size with an associated lower average birth weight as well as a 

greater number of stillborn piglets.  Problems related to inadequate uptake of colostrum and 

milk are often magnified by premature farrowing.  Premature neonates have diminished 

energy and glycogen stores which hinders their ability to suckle and obtain adequate 

colostrum (Lay et al, 2002; John Barber, Pig Nutrition Specialist, personal communications).  

Indeed even piglets which survive and recover following inadequate intake often display sub-

optimal growth and litter performance. 

Despite the convenience of sows farrowing simultaneously for management purposes, the 

above evidence discourages inducing farrowing artificially.  Indeed studies have trialled the 

use of altrenogest in sows approaching their due date to lengthen their gestation period and 

avoid premature farrowing (Vanderhaeghe et al, 2010).  This offers a potentially safe and 

effective strategy to counteract reproductive losses associated with premature farrowing. 

Suckling behaviour and colostrum intake 

Understanding suckling behaviour of piglets is key to maximising pre-weaning growth and 

development.  Indeed effective suckling is positively correlated to weaning weight (Hong et 

al, 2016).  Many factors must be considered when analysing overall suckling behaviour 

within a litter, such as teat selection and establishment of hierarchy as well as suckling 
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frequency and duration (Balzani et al, 2016).  Larger litter sizes produced by modern 

commercial sows have placed increased emphasis on suckling behaviour, as competition for 

teats intensifies meaning longer nursing periods are now required before weaning (Puppe and 

Tuchscherer, 2000).   

The negative impact of increased litter size on suckling behaviour is most pronounced in low 

birth weight pigs.  During early lactation there is intense competition amongst piglets to gain 

access to the more productive anterior teats (Pons and Houpt, 1978; Auldist and King, 1995).  

Huting et al (2017) showed low birth weight pigs which suckled at the anterior teat recorded a 

weaning weight over 1kg heavier than those of a similar birth weight suckling at the middle or 

posterior teats (7.48kg vs 6.15kg).  Therefore compromised piglets have the capacity to 

successfully utilise a greater milk intake when access is provided.  However increased litter 

sizes have meant the number of piglets reared by a sow can be greater than the number of 

functional teats (Chalkias et al, 2017).  Furthermore, heavier littermates have been shown to 

record significantly greater dominance (Puppe and Tuchscherer, 1999), winning the majority 

of teat disputes and becoming established at the more productive teats (De passille and 

Rushen, 1989).  These factors often result in low birth weight pigs missing an increased 

number of nursing episodes entirely and being outcompeted for a limiting milk resource 

(Milligan et al, 2001; Souza et al, 2014; Le Dividich et al, 2017).  Furthermore, compromised 

pigs often lack the power required to stimulate effective milk ejection (Yuan et al, 2015).  

Interestingly, Skok et al (2016) showed a tendency in low birth weight pigs which survived 

until weaning to suckle at a position adjacent to their heaviest littermate in order to benefit 

from their vigorous massaging of the udder in a commensal relationship.  Litten et al (2003) 

carried out an in depth analysis of the impaired suckling behaviour of piglets across a variety 

of birth weights to generate a Behavioural Development Index (BDI) score.  This study 
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showed compromised pigs to exhibit impaired suckling behaviour and inferior dominance 

characteristics which was correlated to their reduced growth performance.   

The net effect of these behavioural traits in low birth weight pigs is a delay in colostrum 

uptake which impairs thermoregulation, intestinal development and the supply of energy (Le 

Dividich et al, 2017; Cabrera et al, 2012; Campbell et al, 2012).  Indeed Devillers et al (2007) 

showed a 28g increase in colostrum intake per 100g increase in birth weight.  Overall reduced 

colostrum intake contributes to the reduced growth rate and increased pre-weaning mortality 

associated with low birth weight pigs.  Devillers et al (2011) demonstrated how piglets which 

consumed over 200g of colostrum exhibited only 7.1% mortality.  However this mortality rate 

increased to 43.4% in piglets which consumed less than 200g of colostrum.  Consequently, 

intervention strategies such as cross-fostering and uniformly weighted litters are commonly 

implemented in the commercial setting to maximise colostrum and milk intake amongst the 

low birth weight pig population.   

2.3 Strategies to maximise performance of low weight pigs 

Current scientific knowledge on how to best combat the depressed performance of low birth 

weight pigs is lacking, with producers largely relying on anecdotal evidence.  Indeed it is 

difficult to identify recent papers which replicate current commercial conditions for low birth 

weight and litter size, whilst monitoring the efficacy of intervention strategies on the specific 

performance of these animals from birth through to slaughter.  Furthermore, the imminent 

banning of zinc oxide supplementation within Europe highlights the need for the adoption of 

strict nutritional and management strategies to reduce disease incidence in these compromised 

pigs.  The development of effective intervention strategies which improve growth 

performance and minimise use of antimicrobial products in low birth weight pigs is essential 

to ensure the sustainability of the European pig industry. 
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An extensive range of nutritional and management intervention strategies have been trialled 

with the aim of improving the performance of low birth weight piglets.  However many of 

these have proven to have limited beneficial impact or were unsuitable for use on a 

commercial scale.  For example, Douglas at al (2014a) trialled the use of supplementary milk 

for the improvement in weight gain of low birth weight pigs.  However milk provision had no 

impact on the weight of compromised pigs on day 28 (7.54kg vs 7.13kg) or 143 (74.5kg vs 

74.8kg).  Furthermore multiple studies trialling the use of milk supplementation have shown 

no significant reduction in mortality of low birth weight piglets, suggesting the formulation of 

milk replacers requires further optimisation (Douglas et al, 2014a; Wolter et al, 2002; Azain 

et al, 1996).  Wolinski et al (2003) trialled the supplementation of leptin, a crucial factor for 

foetal development, in formula fed neonatal pigs in the first 7 days post-partum.  Although 

this led to longer intestines, it had no significant impact on growth performance and led to a 

variety of undesirable effects such as a reduction in villus height and brush border enzyme 

secretion. Furthermore, Liu et al (2018) trialled the use of a high nutrient dense diet 

supplemented with an additional 10% soybean oil and 5% casein on post-weaning 

performance.  However the enriched diet did not significantly improve animal bodyweight at 

any stage of the post-weaning period.   

Despite the limited success of the intervention strategies outlined above, many trials have 

shown potential to improve growth performance and reduce mortality amongst low birth 

weight pigs.  These are discussed below. 

2.3.1. Maximising sow lactation feed intake 

The feed or nutritional intake of lactating sows is a major determinant of milk production and 

litter performance (Sulabo et al, 2010).  Therefore the objective of lactation feeding regimes 

must be to economically facilitate optimal energy and nutrient intake, enabling sow body 
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condition to be maintained and maximum litter performance to be expressed.  Energy and 

lysine requirements of lactating sows are the primary consideration when establishing overall 

dietary requirements, as a lack of either of these restricts milk production (Revell et al, 1998; 

Kusina et al, 1999).  Nutrient demand in lactating sows is influenced by many factors such as 

body weight and condition, milk demand and environment and these all must be considered 

when formulating lactation diets (Kim et al, 2013).    

Energy in lactation diets 

Energy intake during the lactation period is a major determinant of milk yield and hence the 

performance and survival of piglets (Coffey et al, 1994).  Furthermore, the supply of energy 

during lactation influences sow productivity throughout subsequent gestation and lactation 

periods (Whittemore and Kyriazakis, 2006).  Theil et al (2004) quantified the metabolizable 

energy required for maintenance in lactating sows at 482 KJ/kg0.75 under commercial 

conditions.  This study also observed a constant level of heat production in animals during 

lactation, even when metabolizable energy intake was increased.  A corresponding increase in 

milk yield during this period suggests increased metabolizable energy was partitioned into 

milk production, confirming milk yield to be limited by energy supply.  Many articles 

appearing on advisory websites claim that milk production accounts for 80% of the energy 

demand in lactating sows, with each kilogram of litter gain requiring 4kg of milk output 

(Lawlor, 2012). 

In pig production, dietary energy usually takes the form of fat (oils) or starch (carbohydrates).  

Quiniou et al (2008) conducted a study to analyse the impact of source of dietary energy on 

performance during the lactation period.  This involved providing either a starch (11.3% 

cornstarch) or fat based diet (5% soybean oil) containing equal amounts of energy to lactating 

sows.  No difference in weaning weight was recorded but postnatal mortality was reduced 
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when fat based diets were employed (10.7% vs 8.8%).  However fat rich diets are frequently 

associated with a reduced feed intake during lactation (McNamara and Pettigrew, 2002; van 

den Brand et al, 2000; Renaudeau et al, 2001; Park et al, 2008), often resulting in backfat loss 

in sows, as quantified by Quiniou et al (2008).  Although the increased energy density in fat 

compensates for a reduced total feed intake, a variety of other nutrients may become limiting.  

However negative effects of this on suckling piglets are not evident in literature, as Averette 

(1999) demonstrated that when sows were supplied with a diet containing 10% dietary fat 

(16.28 DE MJ/kg) from day 90 of gestation, they produced superior milk fat which supported 

an elevated piglet growth rate (250g/day vs 200g/day) compared to control sows (14.1 DE 

MJ/kg).  Fat enriched diets can improve milk quality by increasing the concentration of dry 

matter and protein (van den Brand et al, 2000) as well as fat content in milk (Park et al, 2008).  

Consequently, as sows incorporate increased dietary fat in milk, this will maximise the calorie 

intake of suckling pigs and improve growth performance at weaning (Pettigrew, 1981). 

Many studies have employed lactation diets with heightened fat content in an attempt to 

improve litter performance, with conflicting results.  In some cases fat supplementation 

improved ADG (Babinszky et al, 1992; Lauridsen and Danielson, 2004), piglet mortality 

(Pettigrew, 1991) and milk composition (Quiniou et al, 2008).  Conversely, other studies 

reported that increasing fat allowance in lactation diets had no effect on piglet performance 

(Nelssen et al, 1985; Coffey et al, 1987; van den Brand et al, 2000).  However the majority of 

published literature is in agreement that an increase in dietary fat, and therefore energy intake 

during lactation, enhances both milk yield and composition (Pettigrew, 1981; Coffey et al, 

1982; van den Brand et al, 2000; Lauridsen and Danielson, 2004; Beyer et al, 2007; Park et al, 

2008; Quiniou et al, 2008; Revell et al, 1998; Laws et al, 2009).   
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Protein in lactation diets 

During lactation, high demand for amino acids by the mammary glands is due to the synthesis 

of milk protein and accounts for approximately 90% of the animal’s total amino acid 

requirement.  However amino acid uptake by the mammary gland exceeds the level secreted 

in milk, indicating a proportion of amino acids are retained.  Trottier et al (1997) found 14% 

of these retained essential amino acids to be incorporated in the tissue, with the remainder 

utilised in a variety of processes including synthesis of lactose, carbon, fatty acids and other 

amino acids (Richert et al, 1998; Boyd and Kensinger, 1998). 

It is common practice to restrict feeding in the days immediately prior to farrowing, with a 

gradual increase in allocation thereafter.  However studies have claimed that this will result in 

a nutrient deficiency in the post-farrowing period (Quesnel et al, 1998; Eissen et al, 2003).  In 

cases of prolonged protein restriction, milk production will be impaired (Knabe et al, 1996; 

Jones and Stahly, 1999).  Indeed Revell et al (1998) showed sows receiving a low protein diet 

during lactation (15.5 MJ/kg DE, 7.9% CP; 0.3% Lysine) recorded a 15% reduction in milk 

production compared to those on a high protein allowance (15.6 MJ/kg DE, 19% CP, 1.1% 

Lysine).  This restriction also has a detrimental effect on sow condition (Mahan and Grifo, 

1975).  Conversely, offering rations with improved dietary protein allowances to sows during 

lactation has been shown to improve milk quality and lead to superior litter gain (Williams et 

al, 1998; Jang et al, 2014; Tritton et al, 1996).  Moreover, the latter studies also linked 

increased dietary protein to improved second litter size in primiparous sows.  McNamara and 

Pettigrew (2002) confirmed these findings in studies which offered lactating sows 3 different 

dietary regimes with varying protein allowance.  Animals consuming the highest protein 

allowance (836g CP/day; 59g lysine/day) displayed increased litter gain, particularly during 

the final week of lactation, resulting in an additional 2kg of litter growth at weaning when 

compared to those receiving the lowest protein diet (678g CP/day; 47g lysine/day).  A similar 
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study by Cheng et al (2001) compared a high (15% CP, 0.75% Lysine; protein intake 811 

g/day) and low (13% CP, 0.60% Lysine; protein intake 603g/day) protein allowance in 

lactation diet and observed an increase of 3kg in litter gain in certain cases.  McNamara and 

Pettigrew (2002) also analysed the composition of milk throughout lactation and observed a 

subtle variation in yield and protein:energy ratio, which suggested sow body composition 

dictates milk production in the period following farrowing.  However as lactation progressed, 

dietary intake became the major determinant of milk yield.  It is worthy of note that the latter 

studies (McNamara and Pettigrew, 2002; Cheng et al, 2001) were conducted on litter sizes of 

12 and 9 respectively, which does not reflect current commercial conditions and hence their 

relevance could be disputed.  Furthermore, in order to reliably predict the performance of 

lactating sows, quantitative knowledge of the chemical interconversions of ingested amino 

acids are required.  Therefore the results observed from an increased protein intake recorded 

in the above studies may differ in the field due to the lack of focus on ensuring amino acids 

were supplied in the correct proportions.  

Lysine is regarded as the first limiting amino acid in lactating sows.  Furthermore at particular 

levels of feed intake and metabolic status, threonine and valine can also become limiting 

(Kim et al, 2001; 2009; Soltwedel et al, 2006).  Hence formulation of lactation diets must 

consider predicted tissue mobilisation in sows, which usually differs with parity.  In order to 

account for these differences Kim et al (2001; 2009) proposed a novel concept of ‘ideal 

protein’, where amino acid requirements of individual animals were precisely estimated to 

permit improved performance and efficiency of production.  This study suggested 

implementing a ‘parity-split’ feeding system to facilitate the dynamic concept of ideal protein 

during lactation in a practical setting.  This would encourage maximum performance by 

providing a separate tailored diet to first/second parity sows compared to that supplied to 

multiparous animals based on differences in feed intake and dietary requirement.  However in 
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practice, implementation of a parity split feeding system is not practical as it requires 

installation of additional bins and feeding lines.  Therefore observed improvements in 

performance would have to generate sufficient additional income to ensure the economic 

feasibility of this approach.   

Lactation diet formulation 

Following animal research conducted at various stages of production, nutritional standards 

have been published to aid formulation of diets.  Two such standards are the ‘Nutrient 

Requirements of Swine’ produced by the National Research Council (1998) and ‘Nutrient 

Requirement Standards for Pigs’ published by the British Society of Animal Sciences 

(Whittemore et al., 2003).  These two standards are largely comparable in relation to the 

nutrient requirements of lactating sows (Table 2.2).   

Table 2.2. NRC and BSAS nutritional recommendations for lactating sows 

 Sow live 

weight (kg) 

Litter growth 

rate (kg/d) 

DE Intake 

(MJ/d) 

Lysine Intake (g/d) 

NRC 1998 175 2.5 91 61.9 

BSAS 2003 150 2.5 89.7 63.5 

BSAS 2003 225 2.75 105.4 70.7 

 

However these recommendations must be extrapolated to reflect the increased demands 

placed on sows rearing larger litter sizes.  For example, the formulations stipulated by the 

NRC are based on sows producing 5-7kg of milk per day when, in practice, modern 

commercial animals can generate over 13 litres of milk daily (Craig et al, 2017).  It is 
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essential that feed intake during lactation is carefully monitored, as nutrient deficiencies may 

limit milk producing capacity.  This will continue to be an area of concern going forward as it 

is predicted that the continuing increase in litter sizes may necessitate the need for sows to 

provide 15 litres of milk per day throughout the lactation period (Whittemore et al, 2003).  

Hence continuing research is essential to develop diets which can facilitate this level of milk 

production whilst maintaining sow condition. 

Lactation feed intake 

The feed or nutritional intake of lactating sows is a major determinant of milk production and 

litter performance.  Modern sows have low voluntary feed intake during lactation when the 

need for nutrient intake is at its greatest (Cozannet et al, 2018).  Feed intake can often limit 

nutrient availability for milk production and many factors can influence intake during 

lactation.  As younger sows are still maturing, they require more nutrients to meet growth and 

maintenance requirements, yet generally lack the capacity for the feed intake displayed by 

older sows.  Indeed McGlone et al (2004) showed voluntary feed intake of gilts is typically 

lower than that of multiparous sows.  Yoder et al (2012) found the most significant increase 

was observed between first and second parity animals, where average daily intake during 

lactation increased from 5.95kg/ day to 6.75kg/day.   

Environmental factors also influence appetite, with temperature being the major determinant 

(Hartmann et al, 1997; Close and Cole, 2000).  Indeed, Etienne et al (1998) showed feed 

intake of lactating sows was depressed by 43% when ambient temperatures were increased 

above the thermo-neutral zone from 20 to 30oC.  This highlights the importance of 

maintaining a low temperature in the farrowing house, whilst providing sufficient heat to 

ensure piglet survival and maximum productivity.  Recent studies have shown the inclusion of 

a semi-enclosed microclimate for piglets in farrowing housing enables a significant reduction 
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in ambient temperature of the nursery accommodation, without impairing performance of 

piglets (Smith et al, 2019).  This will also improve lactation dietary intake leading to 

improved milk yield and litter performance.   

Water intake also has a major influence on appetite and milk production, with Quiniou et al 

(2000) showing water intake can reach 27 litres per sow per day during lactation.  Providing 

feed as a wet mix has been suggested as a method for improving water intake, with a typical 

water to feed ratio of 3.6kg water:1 kg fresh feed recommended (Hurley, 2015; Lawlor and 

Lynch, 2007).  Trough management is also important as uneaten stale feed will reduce 

appetite and intake. 

Studies by Sulabo et al (2010) evaluated the impact of sow lactation feed intake on litter 

performance.  In this study the performance of litters reared by ad-libitum fed sows, 

consuming an average of 4.9kg/day over a 21 day lactation, was compared to that of litters 

reared by sows with intake restricted to an average of 3.6kg/day.  Analysis confirmed litters 

reared by sows fed ad-libitum during lactation exhibited superior total (46.7 vs. 43.0 kg; P < 

0.04) and daily (2.56 vs. 2.36 kg; P < 0.04) body weight gain compared to those fed a 

restricted regime.  Indeed this was true at both an individual and litter level.  There was also a 

tendency for litters of ad-libitum fed sows to record increased weaning weights.  The above is 

in agreement with work published by De Bettio et al (2016) where an increase in average 

daily feed intake during lactation (6.43kg/day vs 4.14kg/day) resulted in a significant increase 

in litter weight gain (2.70kg/day vs 2.43kg/day) whilst also minimising weight loss and 

backfat loss in sows.  Finally Craig et al (2017) showed a 13% increase in sow average daily 

feed intake during lactation (6.9kg/day vs 6kg/day) resulted in litters which were 3 kg heavier 

at 2 weeks of age, 7 kg heavier at 3wks and 10 kg heavier at weaning.   
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Studies have shown an increased lactation feeding level to increase milk production in sows, 

which explains the improvements in litter growth rate outlined above (van den Brand et al., 

2000).  Indeed De Bettio et al (2016) showed sows displaying a greater average daily feed 

intake during lactation (6.43kg/day vs 4.14kg/day) recorded a 19% increase in daily milk 

production (8.33kg/day vs 6.99kg/day).  Furthermore Verstegen et al (1985) showed sows to 

excrete between 1200kcal/day and 2800kcal/day more milk when lactation feeding level was 

increased from 2.6kg/day to 6kg/day.  It is clear in literature that, whilst sow body reserves 

may dictate the rate of milk production during early lactation, these body reserves quickly 

become exhausted.  Therefore in later lactation sow milk yield becomes increasingly reliant 

on feed intake (Beyer et al, 2007).   

In summary, low birth weight piglets arising from larger litter sizes are often outcompeted by 

heavier litter mates for more productive anterior teats.  For this reason it is critical that sow 

feed and nutrient intake is maximised during lactation to meet the milk demand required to 

support the survival and development of increased litter sizes, whist maintaining sow 

condition.  This will continue to be an area of concern going forward.  Indeed it is predicted 

that the continuing increase in litter sizes may necessitate the need for sows to provide 15 

litres of milk per day throughout the lactation period to rear a litter of 14 piglets to an average 

weaning weight of 9kg (Whittemore et al, 2003).  Furthermore, it is highly probable that the 

ingress of modern genetics into the industry has changed the pig’s nutritional requirements 

(Pierozan et al., 2016).  Finally, the majority of published literature analysing the impact of 

lactation diet and other intervention strategies on litter performance has been conducted on 

litter sizes bellow 11.5.  This does not accurately reflect current commercial practice where 

litter size tends towards 14 and above.  Therefore the nutritional requirements of 

compromised pigs in the modern commercial setting requires further investigation. 
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2.3.2 Cross-fostering and litter weight uniformity 

Cross-fostering piglets in the farrowing house involves the removal of piglets from their birth 

mother and subsequent transfer to another lactating sow.  This aims to improve access to teats 

and facilitate suckling and survival.  Cross-fostering also ensures more uniform litter numbers 

by removing animals from excessively large litters and using them to compensate smaller 

litters.  In cases where the average numbers born alive are exceptionally high, a litter 

approaching weaning age may be weaned early with their mother acting as a nurse sow for 

excess animals in the current farrowing cycle.  In commercial production, farmers generally 

aim to have litter sizes of 13-14 piglets after fostering but this is dictated by the number of 

functional teats and milk producing capacity of the foster sows (Chalkias et al, 2013).  

Geneticists are currently exploiting the heritability of teat number and using genetic selection 

to achieve a greater number of functional teats (Chalkias et al, 2013; Ludeheim et al, 2013; 

McKay and Rahnefeld, 1990).  There are two main ways in which fostered pigs can be 

selected.  Firstly, surplus animals in each litter can be chosen at random and transferred to 

smaller litters resulting in similar litter numbers yet heterogeneous in terms of weight 

variation.  Alternatively animals can be selected on the basis of weight and, for example, 

small piglets placed in litters with animals of a similar size to give homogeneous litter 

weights.   

There is conflict in literature surrounding the benefit of cross-fostering.  Fostering has been 

reported to trigger stress responses in the fostered piglets, with Dewey et al (2008) 

quantifying that pigs fostered at birth weighed up to 180g less than those not fostered when 

weaned at 19 days of age.  Furthermore those fostered at 2 days of age weighed 800g less 

than those allowed to remain with their birth mother.  However it is difficult to determine 

conclusively if fostering was responsible for this diminished growth.  Indeed the fostered 

animals may have died or had an even lower weight if left in their large birth litters.  Further 
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work has shown that it is best to avoid repeated cross-fostering as this induces stress and fails 

to improve performance (Heim et al, 2012).  Indeed Straw et al (1998) recorded a 20% 

reduction in growth rate following extensive cross-fostering.  In addition, repeated mixing of 

litters may promote disease transmission (Alexopoulous et al, 2018).  There is also currently 

debate in the literature concerning the maximum age at which fostering is recommended, with 

different studies claiming 6 hours, 24 hours and 2 days after birth to be the optimum (Heim et 

al, 2012; Straw et al, 1998).  If fostering is undertaken too early it often prevents adequate 

colostrum intake (Baxter at al, 2013), whilst fostering too late can disrupt nursing episodes 

(Horrell, 1982) as well as increasing the chances of fighting amongst piglets and rejection by 

foster mothers (Price et al, 1994).     

However there is also evidence in literature to suggest cross-fostering does not negatively 

impact on performance.  For example Heim et al (2012) found no significant difference in the 

weaning weight of animals which remained with their birthmother compared to those which 

were fostered within 24 hours of birth.  There is a general consensus within the literature that 

the practice of cross-fostering is employed more extensively with the low birth weight piglet 

population.  Diaz et al (2018) demonstrated how fostered piglets belonged to birth litters 

recording a greater number of piglets born alive compared to non-fostered piglets (14.6 vs 

12.8).  These larger litters are frequently associated with a reduction in average birth weight, 

as discussed earlier.  Furthermore Deen and Bilkei (2004) showed low birth weight piglets 

from large litters which were fostered into smaller litters recorded a greater 21 day weight 

(5.9kg vs 5.2kg) and lower mortality rate (16.1% vs 21.8%) than those remaining in larger 

birth litters.  These findings are supported by Huting et al (2017) where low birth weight pigs 

in smaller litters were 6% heavier at weaning with 4.6% lower mortality than equivalent birth 

weight pigs in larger litters.  Studies have also shown that light weight pigs can equal the 

performance of their heavier counterparts in a non-competitive environment, highlighting the 
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potential benefits of segregating light and heavy pigs at birth to achieve uniformly weighted 

litters (Beaulieu, 2010).  This practice is likely to most benefit the compromised animals as 

they will face less intensive competition for teats during the nursing phase.  Furthermore they 

are less susceptible to bullying from dominant heavy litter mates, which inflict physical and 

physiological stress.  For example, Huting et al (2017) showed low birth weight pigs in mixed 

litters to weigh less at weaning than those in uniformly weighted litters (6.93kg vs 7.27kg).  

Furthermore Douglas et al (2014a) demonstrated superior growth of low birth weight piglets 

in uniformly weighted litters compared to those in mixed litters from day 14 to 28 of lactation 

(252g/day vs 217g/day).   

Regardless of whether fostered animals attain the performance achieved by animals reared on 

their birth mother, the current increase in litter sizes ensures that it is an essential practice 

going forward and as such further research is needed to maximise the advantages of this 

technique.  

2.3.3. Post-weaning feeding regimes 

The nutritional regime employed in commercial pig production is arguably the major 

determinant of growth performance at farm level.  Furthermore, since feed accounts for 

approximately 60-70% of the total production costs for slaughter pigs, it is essential that 

producers ensure correct implementation of effective dietary programmes (Patience et al, 

2015).   

It is imperative feeding programmes are correctly designed for both stage of production and 

genetic potential.  The determination of animal nutrient provision must consider both animal 

maintenance and production requirements.  Animal maintenance requirements refer to the 

nutritional intake necessary for the fulfilment of vital functions such as heat production, blood 

circulation and organ activity (Everts, 2015).  Nutritional intake surplus to maintenance can 
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then be utilised in production, i.e. growth, which encompasses the retention of proteins and 

lipids (Kil et al, 2013).  It is important that nutrient requirements are achieved as deficiency 

will limit pigs attaining their growth potential (Pomar et al, 2003).  Conversely, if excess 

nutrients are consumed it will reduce profitability, with excess energy deposited as fat leading 

to a reduction in carcass quality and surplus protein excreted leading to environmental 

pollution.  However the provision of optimal levels of nutrients to animals throughout each 

production stage often proves problematic, as their dietary requirements change continuously 

with growth.  Indeed the change in requirement for metabolizable energy (ME) and lysine 

intake with liveweight in growing pigs is shown in Figures 2.7 and 2.8 respectively. 

 

 

 

 

 

 

Figure 2.7. Daily metabolizable energy (ME) intake requirement for growing pigs with 

differing liveweights (National Research Council, 2012) 
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Figure 2.8. Daily total lysine intake (g/day) requirement for growing pigs with differing 

liveweight (National Research Council, 2012) 

Calculation of nutrient requirements can be undertaken using a variety of approaches.  The 

empirical method requires extensive experimentation to establish the minimum amount of 

nutrient required to achieve a maximal or minimal population response for a given criteria.  

This is a convoluted process and has been largely replaced by modelling approaches (van 

Milgen et al, 2008; Dourmad et al, 2008; National Research Council, 2012).  These calculate 

the optimal nutrient requirements of an animal population at a specific point in time, based on 

a factorial calculation incorporating both maintenance and production requirements.  The 

weakness of this approach is that calculations are based on the requirements of the average 

animal and does not account for animal variation.  Hence nutrient supply may be insufficient 

to satisfy the requirements of the most productive animals as well as exacerbating the 

deficiencies and defects in compromised pigs.  For this reason a variety of different 

nutritional intervention strategies have been trialled which attempt to ensure nutritional 

requirements of all animals are met.   
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Phase feeding and precision nutrition 

The varying requirement for nutrients as growth progresses has encouraged the adoption of 

phase feeding in pig production, where the animal’s growth is subdivided into distinct phases. 

A tailored diet is provided throughout each phase to match nutritional requirements.  Lee et al 

(2014) compared the growth performance of pigs offered a two phase or three phase feeding 

regime for the 33 days post-weaning, with diets shown in Table 2.3.   

Table 2.3. Diets offered during phased feeding (Lee et al, 2014) 

 

 

 

 

 

Animals following the two phase feeding regime consumed Diet 2 for 14 days, followed by 

Diet 3 for 19 days.  Animals following the 3 phase regime were offered Diet 1 for 7 days, 

followed by Diet 2 for 14 days and Diet 3 for 12 days.  Results showed pigs offered a three 

phase regime exhibited a superior average daily feed intake during the nursery phase 

(426g/day vs 335g/day).  Whilst there was no difference in final weight following the end of 

the regime at day 54, those pigs on the three phase regime recorded a greater average daily 

gain from day 54 to 182, resulting in a greater slaughter weight (110kg vs 107.6kg).  

Furthermore Hong et al (2016) showed a phased feeding approach which gradually reduced 

the dietary protein level in comparison to that used commercially (Phase 1: 17.2% CP vs 18% 

CP; Phase 2: 14.4% CP vs 15.5% CP; Phase 3: 12.8% CP vs 13.2% CP) had no detrimental 

 Diet 1 Diet 2 Diet 3 

DE (Mcal/kg) 3.75 3.60 3.60 

Lysine (%) 1.40 1.40 1.25 

CP (%) 21.0 21.0 20.5 

Lactose (%) 20 7 0 
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impact on growth performance.  A similar study by Goodband et al (2017) quantified savings 

from the implementation of a 2 or 4 phase feeding regime at $3 USD per pig in favour of the 

4 phase regime, over a liveweight range of 30 to 127 kg.  The economic benefit of a tailored 

diet was largely due to a reduction in lysine provision during the early phase.  This did not 

impair overall performance due to a compensatory gain recorded in late feeding.     

An emerging approach employed to overcome issues associated with between-animal 

variation is the development of advanced precision feeding strategies.  This approach aims to 

feed each animal on an individual basis where possible or in small group sizes, providing an 

optimal ration based on expected performance over the productive period (Ferguson et al, 

1973; Pomar et al, 2003; Vautier et al, 2013).  Extensive data is analysed in order to achieve 

this including (i) real time information on growth performance and immediate environment 

(ii) reliable models for prediction of expected performance and nutrient requirements and (iii) 

an automated feeding system capable of formulating and distributing optimal rations to a 

given animal or group of pigs.  This method is reliant on recent technological advances and 

represents a major shift in the paradigm of animal nutrition.  In addition to maximising 

performance, implementation of precision feeding strategies has the potential to reduce 

feeding costs and minimise environmentally destructive excretion of nitrogen and 

phosphorous.  Indeed Andretta et al (2016) carried out a study over an 84 day period 

analysing the performance and economic differences observed when feeding growing pigs 

(weighing 30.4±2.2 kg) a standard regime compared to offering animals a blended portion of 

diets updated daily to meet 100% of lysine requirements.  Results showed the precision 

feeding strategy to reduce the percentage of dietary digestible lysine in rations significantly at 

each stage when compared to the standard regime (Day 30: 0.85% vs 1.1%; Day 60: 0.6% vs 

1.0%; Day 84: 0.6% vs 0.75%), with an overall reduction in lysine intake of 26%.  This 

resulted in a $7.60 reduction in feeding costs per pig, with no detrimental effect on animal 
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weight.  Furthermore nitrogen excretion was reduced by 30% (1.87kg/pig vs 2.66kg/pig), 

minimising environmental contamination.   

Tailored post-weaning diets for low birth weight pigs 

In commercial production systems, the weaning process inflicts both nutritional and 

psychological stress on the piglets.  This has a detrimental effect on immune responses, 

intestinal physiology and gut microbiota (Pluske et al, 1997; Lallès et al., 2007).  Indeed the 

change of environment and transition to solid feeding experienced at weaning causes the 

gastrointestinal tract of a piglet to change significantly in terms of protein turnover, size and 

microbiota composition, as well as altering digestive and immune function (Lallès et al., 

2004).  As a result, pigs often exhibit a deterioration in feed digestion and metabolism post-

weaning, with an increased incidence of intestinal disorders such as diarrhoea.  This results in 

a period of sub-optimal growth which is commonly referred to as a ‘growth check’ and is 

usually more pronounced in compromised pigs (Collins et al, 2017).   

Within commercial pig production, pigs are often offered high specification starter diets, in 

terms of amino acid : energy ratio and digestibility of ingredients, immediately after weaning 

(Douglas et al, 2014b).  These are formulated to encourage animals to achieve their maximum 

growth potential, after which the specification is reduced.  It is clear from literature that post-

weaning diets show great variation.  Enhancing the composition of the starter diets supplied to 

compromised pigs has been shown to improve their post-weaning growth performance 

(Lawlor et al., 2002).  Indeed Magowan et al (2011b) showed that providing a specialist ration 

high in dietary energy and lysine (DE 14.5 MJ/kg, total lysine 11 g/kg) to pigs with a low 

weaning weight increased the live weight of these animals at 10 (26.2 vs 25.9kg), 15 (52.4 vs 

49.4kg) and 20 (83.5 vs 80.8) weeks of age compared to those receiving a lower specification 

diet.  However only data for animals at 10 and 15 weeks of age was significantly different.  
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These findings were supported by a study conducted by Douglas et al (2014b) in which the 

bodyweight of low birth weight pigs offered a high specification starter diet was significantly 

greater than those on a standard specification diet at day 49 (15.3kg vs 14.7kg) and 70 

(29.0kg vs 27.3kg).  The improvement in performance of low birth weight pigs offered a high 

specification diet enabled them to match the weight of average birth weight pigs at day 70 and 

express a similar growth rate between day 28 and 70 (570g/day vs 530g/day).  It is likely this 

improved growth performance of low birth weight pigs is due to the high palatability of high 

specification starter diets with a higher inclusion rate of milk products.  Furthermore the 

increased nutrient density of high specification starter diets will help to compensate for the 

characteristically low feed intake of compromised pigs.  However a similar study by Douglas 

et al (2014c) concluded that altering the composition of later fed diets had no significant 

effect on growth performance of pigs weaned at under 6.8kg.  Therefore these studies suggest 

the immediate post-weaning period represents a critical window for intervention. 

It may also be more efficient to feed diets tailored specifically for lighter pigs at weaning. For 

example, Douglas et al (2014b) showed offering a high specification diet to low birth weight 

pigs following weaning was accompanied by an improved feed conversion efficiency between 

day 28 and 70 (1.34 vs 1.43).  Furthermore, a trial conducted by Beaulieu et al (2012), 

analysing the efficiency of post-weaning diets, separated heavy and light piglets and fed either 

a basic diet or a complex diet tailored to the requirements of pigs with low weaning weights.  

In this trial the complex diet contained fish meal (5%), plasma (2.5%) and spray dried whey 

(14.29%).  In this study the low weight pigs at weaning fed the high specification diet 

displayed an average daily gain 13% greater than those on the simple diet and did not suffer 

any weight loss in the 24 hours post-weaning.  Furthermore, they showed no reduction in feed 

intake or gain when restored to the basic diets four days post-weaning.  This nutritional 

regime reduced overall weight variability following the nursery period which simplifies farm 
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management and improves efficiency.  These findings are in agreement with more recent 

work in which Collins et al (2017) showed the implementation of a high complex/cost diet to 

improve growth performance of pigs in the immediate post-weaning period.  These 

performance benefits were also retained to slaughter age.  However, cost-benefit analysis 

showed this strategy should be focussed on low wean weight pigs in order to yield maximal 

financial returns.   

It is evident from literature that segregating heavy and light pigs whilst providing separate 

management and tailored nutrition will improve overall performance on the farm immediately 

post-weaning.  However many of these studies do not link performance to birth weight and 

often do not continue to assess performance in the later stages of production.  Therefore it is 

unclear if improvements in growth continue during the later stages up to slaughter.  It is 

suggested light weight pigs can achieve the performance of their heavier counterparts in a 

non-competitive environment (Beaulieu et al, 2010).  Although provision of a high 

specification diet has been shown to improve physical performance of low weight pigs, it may 

not be economically viable to provide this diet to all animals on a commercial basis.  Further 

research is required on the benefits of segregating heavy and light pigs post-weaning and 

providing specific nutrition and management.  This research must evaluate the economic 

viability of this approach.  Finally, there is a significant gap in the literature concerning 

disadvantaged light weight pigs at weaning.  This is relevant to current intensive farming 

where increased litter sizes and commercial pressures result in producers being forced to wean 

these very light animals with the remainder of their batch.  Further research is imperative in 

order to determine if these animals fulfil their growth potential or indeed are financially 

viable.   
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2.4 Rationale for research 

The average number of piglets born alive per litter continues to rise, increasing the prevalence 

of low birth weight piglets (Douglas et al, 2014a; Fix et al, 2010).  However accurate data 

quantifying the prevalence and cost of compromised pigs to the local industry is lacking.  

Additionally, the rising average number of piglets weaned per sow per year is placing 

increased pressure on sows rearing large litters (Sulabo et al, 2010).  Indeed there is evidence 

in the literature to suggest current lactation feeding regimes are no longer sufficient for 

modern highly prolific sows (Park et al, 2008).  As scientific knowledge addressing how to 

best rear low birth weight pigs is lacking, producers must often implement management 

systems based on anecdotal evidence. 

From the literature it has been found that improving sow lactation feed intake and milk yield 

can help facilitate improved pre-weaning growth rates in larger litters whilst minimising 

detrimental effects on sow body condition.  Furthermore the implementation of high 

specification starter diets immediately post-weaning has shown promise in improving growth 

performance of low birth weight pigs.  However whether these benefits are retained to 

slaughter needs further investigation.  Therefore the overall objective of this research was to 

improve piglet weaning weights by manipulating lactation feed intake, and also to investigate 

the potential of tailored post-weaning feeding regimes to maximise the growth of 

compromised pigs through to slaughter.  The specific objectives included: 

1) To review recent scientific literature to discern current knowledge surrounding the 

nutritional requirements of highly prolific sows and to establish which novel strategies 

have shown most promise in improving performance of low birth weight pigs. 
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2) To quantify the individual lifetime performance of low birth weight pigs compared to 

average birth weight counterparts, establish variation between farms and analyse the 

level, stage and cause for mortality within each birth weight category.   

3) To determine the effects of increased nutrient supply to pigs through sow lactation 

feed intake on the performance, mortality and suckling behaviour of low and average 

birth weight pigs reared in large litter sizes up until weaning. 

4) To establish if achieving a high feed intake in sows during lactation impacted on the 

growth or feeding behaviour of animals during the finishing period. 

5) To investigate the potential of a tailored post-weaning feeding regime on the growth 

performance and body composition of low and average birth weight pigs from 

weaning through to slaughter. 
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Chapter 3 

What is the current significance of low birth weight 

pigs on commercial farms in Northern Ireland in 

terms of impaired growth and mortality? 
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3.1 Abstract 

There is little modern data addressing the differential lifetime growth of commercially reared 

low and average birth weight pigs born into large litters (>14 piglets).  As such, the main aim 

of this study was to quantify the lifetime growth and mortality rate of low and average birth 

weight pigs on commercial farms in Northern Ireland.  It was also aimed to analyse the major 

stage and cause of mortality within each birth weight category.  A total of 328 low birth 

weight (LOW BW; <1kg) and 292 average birth weight (AV BW; 1.3kg-1.7kg) pigs were 

individually identified across four commercial farms and one research farm.  Animal growth 

and mortality was monitored on an individual basis from birth until slaughter age.  Av BW 

pigs were heavier than Low BW pigs throughout the trial (P<0.001), with a weight advantage 

of 1.2kg at weaning increasing to over 9kg at slaughter age.  Av BW pigs recorded a superior 

average daily gain (ADG) to Low BW pigs throughout the trial (P<0.05), with the greatest 

difference recorded immediately post-weaning between weeks 4 to 8 and weeks 8 to 12 when 

a 77g/day and 85g/day difference was recorded respectively.  Av BW pigs which were cross-

fostered were significantly lighter than those remaining with their birth mother at weaning 

(0.9kg), week 8 (1.7kg) and week 12 (3.1kg) (P<0.05 respectively).  Variance of weight was 

significantly greater for the Av BW pig population than the Low BW pig population at week 

4 (P<0.001) and 8 (P<0.05).  Pre-weaning mortality of Low BW pigs was over three times 

greater than that of Av BW pigs (21% vs 6%; P<0.001), with Low BW deaths occurring 

earlier (9.2 days vs 15.4 days; P<0.001) and at a lighter weight (1.2kg vs 2.4kg; P<0.001) than 

for Av BW pigs.  There was a clear association between birth weight and cause of pre-

weaning death (P<0.01), with starvation (49%) and overlying (28%) accounting for the 

majority of Low BW mortalities.  Birth weight had no effect on rate, age or weight of post-

weaning mortalities (P>0.05).  The alimentary tract (27%) and respiratory tract (27%) were 

the most commonly implicated body systems following post-mortem examination of post-
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weaning deaths.  In conclusion, this study quantified the inferior weight, growth rate and 

mortality of Low BW pigs, identifying the lactation and immediate post-weaning periods as 

having greatest potential in reducing this birth weight associated growth differential.    

3.2 Introduction 

In recent years the incorporation of prolific genetics, combined with improved management 

systems, has resulted in significant increases in pig litter size (Bruns et al, 2018).  In Northern 

Ireland (NI) this has resulted in an increase of 3.5 pigs born alive per litter as well as an 

increase of 5.3 pigs weaned per sow per year over the last 10 years, resulting in sows in NI 

weaning an average of 29.8 pigs per year in 2019 (Donnelly, 2019).  Consequently, there has 

been an increase in the number of low birth weight and potentially “non-viable” piglets born, 

which is in agreement with the findings from other pig industries (Varona et al., 2007; 

Quiniou et al., 2002).  The increase in low birth weight piglets at birth is largely attributed to 

intra-uterine growth retardation (IUGR), whereby the uterine blood flow in modern 

commercial sows is not sufficient to provide adequate nutrients to the increased number of 

foetuses (Antonides et al, 2015).   

Arguably the major issue with low birth weight piglets is their elevated level of pre-weaning 

mortality.  Marchant et al (2000) showed pigs with birth weights of 1.1kg or less can display 

levels of pre-weaning mortality up to 28%.  When compared to the average pre-weaning 

mortality of 12.7% recorded within the Northern Ireland pig industry (Donnelly, 2018), this 

highlights the obvious financial and welfare implications of these low birth weight pigs.  Low 

birth weight animals also exhibit reduced weaning weights and poor lifetime growth 

performance (Fix et al, 2010).  Indeed Williams (2003) showed how a divergence in weight at 

weaning increased throughout the growing period and Beaulieu et al (2010) quantified that 

pigs with a birth weight of 1.20kg or less required an additional ten days on average to reach 
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slaughter weight.  Rehfeldt and Kuhn (2006) concluded that the impaired muscle fibre 

network evident in low birth weight pigs resulted in a reduced lean growth potential.  Excess 

energy is therefore diverted to lipid accretion, which impairs feed efficiency and carcass 

quality.  Hence low birth weight pigs are a chronic and increasing problem for performance 

and profitability on commercial farms.   

It is accepted that the majority of piglets are born within a weight range of 1.3 and 1.7kg 

(Quiniou et al, 2002).  However, much of the existing literature comparing the performance of 

low birth weight pigs to heavier counterparts has been conducted on litter sizes of 11 pigs or 

less and a birth weight of over 1kg, which is not reflective of current commercial practice 

(Douglas et al, 2014a).  Although some recent studies have analysed the performance and 

mortality of compromised pigs reared in large litters, this was not balanced with a comparison 

to heavier littermates (Ward et al, 2020; Feldpausch et al, 2019).  These studies were also 

conducted under controlled conditions, where animal responses may differ to that recorded in 

the field (Magowan et al, 2007).  With increases in litter size projected to continue, there is a 

need to accurately quantify the impact of low birth weight pigs on commercial production in 

order to identify where future research efforts should focus.   

This study was undertaken to quantify the individual lifetime growth performance of low 

birth weight pigs and compare this to ‘average’ birth weight littermates on commercial farms 

in Northern Ireland.  It was also designed to establish the scale, stage and cause of mortality 

for each birth weight category, as well as analyse growth variation between farms.  It was 

hypothesised that low birth weight pigs would express a greater level of mortality and 

impaired lifetime growth performance when compared to average birth weight animals.  

Furthermore, differences in weight were expected to become more pronounced as animals 

progressed through the production cycle. 
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3.3 Materials and methods 

This study was conducted on four high performance commercial units and one research farm 

within the Northern Ireland pig industry.  All farms were quality assured and complied fully 

with The Welfare of Farmed Animals Regulations (Northern Ireland Assembly, 2012).  In 

order to maintain confidentiality within this study, each farm was randomly assigned a unique 

identification number (Farm 1 – 5).  As this experiment was designed to monitor and compare 

the health and performance of low birth weight (LOW BW) and average birth weight (AV 

BW) pigs in the commercial setting, no specific treatments were imposed.  Indeed all animals 

were reared within the management and production regimes employed on each farm. 

3.3.1 Animal selection 

This study employed 328 Low BW and 292 Av BW piglets from birth to slaughter.  Low BW 

animals weighed an average of 0.92 ± 0.01kg at birth and ranged from 0.5kg to 1kg, whereas 

Av BW animals recorded an average weight of 1.51 ± 0.01kg at birth and ranged from 1.3kg 

to 1.7kg.  Animals on each farm were selected from a single farrowing batch.  Following the 

completion of farrowing, piglets were selected from as many sows as possible to minimise 

any sibling effect.  Comprehensive demographics of the animals selected on each farm are 

outlined in Table 3.1 below.  So far as possible, an equal number of boars and gilts were 

selected per birth weight category on each farm, such that sex did not differ significantly 

between the two birth weight categories.  On each farm, Low BW and Av BW piglets were 

also evenly spread across a range of sow parities, such that parity of origin was balanced for 

Low BW and Av BW pig populations on each farm. 
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Table 3.1. Profile of animal usage, genetics and management for each farm 

  Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 

Gestation accommodation      
Gestation pen type Open space Voluntary cubicles Open space Voluntary cubicles Voluntary cubicles 

Gestation pen group size 8 22 20 3 - 14 4 

 
     

Farrowing accommodation      

No. Piglets used 
113 (59 Low BW, 54 Av 

BW) 

108 (54 Low BW, 54 

Av BW) 

119 (64 Low BW, 

55 Av BW) 

120 (62 Low BW, 

58 Av BW) 

161 (89 Low BW, 71 

Av BW) 

No. boars (B) / gilts (G) 
Low BW = 31B 28G        

Av BW = 28B 26G 

Low BW = 28B 26G 

Av BW = 27B 27G 

Low BW = 31B 33G 

Av BW = 28B 27G 

Low BW = 30B 32G 

Av BW = 30B 28G 

Low BW = 43B 46G  

Av BW = 37B 34G 

Parity of origin 
Low BW = 3.52,          

Av BW = 3.70 

Low BW = 2.21,   

Av BW = 2.19 

Low BW = 2.44, 

Av BW = 2.38 

Low BW = 3.76,     

Av BW = 3.60 

Low BW = 4.08, Av 

BW = 4.21 

Piglet genotype 

(Topigs Z-line semen x  

(Large White x Landrace 

sows)) 

(Duroc Semen x  

(Large White x 

Landrace sows)) 

(Duroc Semen x  

(Large White x 

Landrace sows)) 

(PIC 337 Semen x  

(Large White x 

Landrace sows)) 

(Duroc Semen x  

(Large White x 

Landrace sows)) 

No. sows used 19 30 19 18 57 

Average number born alive per litter 13.8 14.6 15.1 15.9 15.2 

Range of sow parities 1 - 7  1-6 1-6 1 - 7 1 - 7 

Pen dimension, m2 4.86 4 4.32 4.86 3.45 

Farrowing induced Yes Yes Yes No Yes 

Heat pads used Yes Yes Yes Yes No 

Enclosed heated creep area No No No No Yes 

Heat lamps used Yes No No No Yes 

Supplementary milk employed No No Yes No No 

Temperature, oC 20 - 22 21-24 21 - 23 22.5 17.5 - 19 

Time of teeth clipping and tail docking Within 24 hours Within 24 hours Within 24 hours Within 24 hours Within 24 hours 

Creep feed offered 
Yes Yes Yes Yes No 
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Cross fostering policy 

 

Piglets fostered 12 hours 

post-farrowing based on 

litter size to ensure even 

litters of approx. 14 pigs 

Smallest piglets 

fostered onto gilts 

within 24 hours of birth 

to give even litter sizes 

Smallest piglets 

fostered onto parity 

2/3 sows 24 hours 

post-farrowing 

Piglets fostered 24 

hours post-farrowing 

based on litter size 

to ensure litters of 

approx. 15 pigs 

Piglets fostered 36 

hours post-farrowing 

based on litter size to 

ensure litters of 14 pigs 

Conditions vaccinated against 

PRRS, PCV2, 

Mycoplasma 

hypopneumoniae  

PCV2, Mycoplasma 

hypopneumoniae 

PRRS, PCV2, 

Mycoplasma 

hypopneumoniae 

PRRS, PCV2, 

Mycoplasma 

hypopneumoniae 

PCV2, Mycoplasma 

hypopneumoniae 

Age at vaccination, days 21 30 21 14 & 28 28 

Age at weaning, days 28 30 27 28 28 

      

First stage accommodation      

Pen dimension, m2 5.1 20.5 14.4 7.75 3.8 

Pigs per pen 24 100 45 25 10 

Feeder type Dry multi-space Dry multi-space Wet and dry Dry multi-space Dry multi-space 

Temperature, oC 22-26 24-27 22-28 23 - 28.5 22 - 28 

Age at transfer to second stage, days 56 65 61 42 
(1st and 2nd stage  

combined) 

      

Second stage accommodation      

Pen dimension, m2 10.2 45 18.45 14.9 3.8 

Pigs per pen 25 100 45 25 10 

Feeder type Dry multi-space Wet long troughs Wet and dry Wet and dry Dry multi-space 

Temperature, oC 22-24 20-22 24 23 22 - 28 

Age at transfer to finish 84 95 101 77 70 

      

Finishing accommodation      

Pen dimension, m2 22.75 18.75 45.6 25.3 14.4 

Pigs per pen 30 25 60 45 16 

Feeder type Wet long troughs Wet and dry Wet and dry Wet and dry Wet and dry 

Temperature, oC 20-22 21 22 22 20 

Age when first in batch slaughtered, 

days 
155 151 150 160 153 
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3.3.2 Animal management 

The animal usage, genetic profile, housing conditions and basic management practices 

employed on each farm are outlined in Table 3.1 above.  Dietary regime employed on each 

farm is shown in Table 3.2.  All diets employed on each farm met the energy and lysine 

requirements of animals for each stage of production outlined by Whittemore et al (2003).   

3.3.3 Measurements and data collection 

Each animal was individually weighed at birth using UWE HS-15K hanging scales (County 

Scales Limited, Nottingham, United Kingdom) and again on the day prior to weaning.  

Animals were further weighed individually at 8, 12, 17 and 22 weeks of age using an LS-521 

Livestock Weigher (Brecknell Scales, West Midlands, United Kingdom).  Management 

strategies and housing dimensions were recorded for each stage of production on all farms 

participating in the trial.  The specification of all diets offered were also recorded along with 

the time at which diets changed.   

3.3.4 Mortalities and post-mortem examination 

All animal deaths had a ‘death date’ and ‘death weight’ recorded throughout both the pre- and 

post-weaning periods.  The cause of pre-weaning death was recorded by farmers and hence 

these results should be viewed cautiously.  Post-weaning mortalities were subject to post-

mortem analysis (AFBI Veterinary Services Division).  Prior to arrival, each carcass for post-

mortem analysis was labelled with the corresponding farm, farm vet responsible for the farm, 

project number and name, animal history and contact number.  Following post-mortem 

analysis, causes of death were grouped according to the body system in which they occurred.  

This allowed the generation of a more uniform dataset which was suitable for statistical 

analysis. 
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Table 3.2. Dietary regimes offered on each farm 

  Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 

Gestation diet 16% CP1, 0.7% Lys2 13% CP1, 0.7% Lys2 14.2% CP1, 0.65% Lys2 11.93% CP1, 0.58% Lys2 13.6% CP1, 0.6% Lys2 

Lactation diet 17% CP1, 1.0% Lys2 20% CP1, 1.3% Lys2 17% CP1, 1.0% Lys2 19.08% CP1, 1.27% Lys2 17.4% CP1, 1.2% Lys2 

First stage accommodation      

Diet 1      
Diet composition 17.5% CP1, 1.6% Lys2 22.5% CP1, 1.70% Lys2 17.5% CP1, 1.57% Lys2 20.75% CP1, 1.75% Lys2 22.5% CP1, 1.70% Lys2 

Time offered Day 28-41 Day 30-34 Day 27-30 Day 28-30 Day 28-33 

Diet 2      
Diet composition 20.2% CP1, 1.5% Lys2 20% CP1, 1.45% Lys2 22.5% CP1, 1.70% Lys2 22% CP1, 1.55% Lys2 22% CP1, 1.55% Lys2 

Time offered Day 42-55 Day 35-64 Day 31-35 Day 31-34 Day 34-41 

Diet 3      
Diet composition - - 22% CP1, 1.55% Lys2 20% CP1, 1.4% Lys2 - 

Time offered - - Day 36-42 Day 35-41 - 

Diet 4      
Diet composition - - 20.2% CP1, 1.5% Lys2 - - 

Time offered - - Day 43-60 - - 

Second stage 

accommodation      
Diet 1      
Diet composition 17.5% CP1, 1.2% Lys2 20% CP1, 1.25% Lys2 20.5% CP1, 1.5% Lys2 19% CP1, 1.3% Lys2 18.5% CP1, 1.4% Lys2 

Time offered Day 56-84 Day 65-94 Day 61-74 Day 42 - 76 Day 42-69 

Diet 2      
Diet composition - - 17.5% CP1, 1.2% Lys2 -  
Time offered - - Day 75-100 -  
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Finishing stage 

accommodation      

Diet 1      

Diet composition 

15.5% CP1, 1.1% 

Lys2 17.5% CP1, 1.1% Lys2 16% CP1, 1.50% Lys2 17% CP1, 1.1% Lys2 18.5% CP1, 1.4% Lys2 

Time offered Day 85-slaughter Day 95-slaughter Day 101-142 Day 77 - 100 Day 70-84 

Diet 2      
Diet composition - - 15.5% CP1, 1.1% Lys2 16% CP1, 1.0% Lys2 16.7% CP1, 1.2% Lys2 

Time offered - - Day 143-slaughter Day 101-slaughter Day 85-slaughter 
1CP = Crude protein 
2Lys = Lysine 



71 

3.3.5 Statistical analysis 

Continuous variables were analysed using a linear mixed model methodology, while binary 

variables were analysed as a generalized linear mixed model (binomial distribution, logit link 

function).  The random and fixed models were the same in both cases.  The main aim of this 

study was to compare the performance of Low BW and Av BW pigs.  Therefore animal birth 

weight, birth mother parity, number of piglets born alive in each litter, number of still born 

piglets in each litter, total litter size and fostering were fitted as fixed effects for analysis of 

liveweight, growth rate and mortality.  The first order interaction between birth weight and 

fostering was also analysed.  Whilst the experimental unit was the individual pig, nested 

effects were accounted for by fitting farm and birth mother as random effects.  In order to 

understand variation due to both fixed and random effects, the conditional and marginal R2 

values are also reported in certain instances.  A contingency table permutation test determined 

if any trends or differences existed in the cause of either pre- or post-weaning deaths across 

both birth weight categories.  A secondary aim of this study was to analyse variation between 

farms.  Therefore both farm and birth weight were fitted as fixed effects for analysis 

comparing liveweight, variance in liveweight and average daily gain between farms, with 

birth mother fitted as a random effect.  The first order interaction between farm and birth 

weight was also considered when comparing liveweight and average daily gain between 

farms.  Variance of liveweight within each birth weight category was calculated as follows:   

S2 = [Σ (xi - x̄)2] / n – 1     

where S2 = sample variance, xi = the value of one observation, x̄ = the mean value of all 

observations and n = the number of observations. 

A Two-Sample t-test was employed to establish if there was a significant difference between 

the variance of weights of Low BW and Av BW pigs at each weighing.  A Levene’s test 
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(Levene, 1960) was used to establish if the homogeneity of variance in weights of Low BW 

and Av BW pigs differed between each of the farms under trial at each weighing.  Weight was 

modelled against time using an exponential curve for 486 animals (235 Low BW, 251 Av 

BW) on an individual basis.  In each case the model parameters were saved and then analysed 

using a linear mixed model, with birth weight set as a fixed effect and farm included as a 

random effect.  Pearson’s correlation co-efficient was used to estimate the correlation between 

the weight recorded for Low BW and Av BW pigs at different ages.  All statistical analysis 

was carried out using GenStat 16th Edition (Lawes Agricultural Trust, Rothamsted 

Experimental Station).  Significance was defined as P<0.05, with tendencies defined as P<0.1. 

3.4 Results 

3.4.1 Animal growth performance 

The growth performance of Low BW and Av BW pigs is reported in Table 3.3.  Animal 

liveweight and average daily gain (ADG) was not significantly affected by birth mother parity 

or the number of still born (SB) piglets in the litter.  Animal liveweight was also not affected 

by total litter size.  There was no significant interaction between birth weight and the average 

number of piglets born alive per litter or total litter size for any parameters reported in Table 

3.3 (P>0.05).  The average number of piglets born alive per litter during the study was 15 ± 

0.13 and ranged from 7 to 22.  The litter of origin for Low BW piglets recorded a significantly 

greater number of piglets born alive on average (15.3 vs 14.6, P<0.05) and tended to record a 

greater total litter size on average (16.4 vs 15.7, P<0.1) compared to Av BW piglets.  Figure 

3.1 shows that a greater percentage of Av BW piglets were sourced from litters recording 7-

14 piglets born alive compared to Low BW pigs (51% vs 40%).  However a greater 

proportion of Low BW piglets were sourced from litters recording 15-22 piglets born alive 

than for Av BW pigs (60% vs 49%).  As hypothesised, Av BW pigs were significantly 
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heavier than Low BW pigs throughout the trial (P<0.001).  This weight advantage of Av BW 

pigs increased from 0.59kg at birth to 1.16 kg at weaning.  Over the growing and finishing 

phases this weight differential further increased to 3.4kg at week 8, 5.7kg at week 12, 7.5kg at 

week 17 and 9.1kg by week 22.  This was driven by a greater ADG for Av BW pigs during 

the intervals between each weighing throughout the trial (P<0.05).  The greatest difference in 

ADG was recorded between weeks 4 and 8 as well as between weeks 8 and 12, when Av BW 

animals expressed a 77g/day and 85g/day superior growth rate respectively.  The time 

required for Low BW and Av BW piglets to reach a slaughter weight of 120kg is predicted by 

the model reported in Figure 3.2.  This figure shows Low BW pigs require an estimated 

additional 11 days to reach a market weight of 120kg in comparison to Av BW counterparts.  

There was no significant difference in the weight of Low BW animals which were fostered 

and Low BW animals which remained with their birth mother at week 4 (6.6kg vs 6.8kg; 

P>0.05), 8 (15.6kg vs 15.8kg; P>0.05) and 12 (31.2kg vs 32kg; P>0.05).  However Av BW 

animals which were fostered were significantly lighter than those remaining with their birth 

mother at week 4 (7.5kg vs 8.4kg; P<0.05), 8 (18.2kg vs 19.9kg; P<0.05) and 12 (35.6kg vs 

38.7kg; P<0.05).  The majority of cross-fostered animals were also of a Low BW (57% Low 

BW vs 43% Av BW; P<0.05).  There was a significant correlation between birth weight, 

weaning weight and weight at slaughter age for both Low BW and Av BW pigs (Table 3.4).  

All correlations were highly significant (P<0.001), apart from those between birth weight and 

the 8, 12, 17 and 22 week weight of Av BW pigs (P<0.05).  In general, the correlation 

between birth weight and subsequent weights was stronger for Low BW animals than Av BW 

pigs.  However the strength of correlation between weaning weight and subsequent weights 

was similar for both birth weight categories.      
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Table 3.3. Effect of birth weight, sow parity, litter size and fostering on pig liveweight and average daily gain from birth to 22 weeks  

 

1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3-1.7kg 
3BM Parity = Parity of birth mother 
4 BA in litter = Number of piglets born alive per litter 
5SB in litter = number of still born animals per litter 

 

 

      P – value 

 Low 

BW1 

Av 

BW2 
SEM 

Conditional  

R2 

Marginal  

R2 

Birth 

weight 

BM 

parity3 

BA in 

litter4 

SB in 

litter5 

Total 

litter size 
Fostered 

Birth weight 

x fostered 

Animal weight, kg             

Birth  0.92 1.51 0.008 0.90 0.89 <0.001 0.105 0.049 0.467 0.051 0.231 0.866 

Week 4 6.76 7.92 0.149 0.40 0.14 <0.001 0.643 0.201 0.481 0.381 0.01 0.032 

Week 8 15.7 19.1 0.31 0.61 0.13 <0.001 0.578 0.774 0.753 0.867 0.036 0.025 

Week 12 31.6 37.3 0.55 0.53 0.16 <0.001 0.848 0.897 0.990 0.907 0.022 0.041 

Week 17 58.2 65.7 0.91 0.42 0.15 <0.001 0.233 0.646 0.311 0.438 0.266 0.060 

Week 22 91.7 100.8 1.19 0.37 0.14 <0.001 0.527 0.086 0.478 0.071 0.717 0.267 
 

            

Average daily gain, 

g/day            
 

Birth – week 4 204 230 5.3 0.36 0.04 <0.001 0.659 0.185 0.497 0.296 0.018 0.025 

Week 4 – week 8 321 398 8.4 0.70 0.07 <0.001 0.508 0.725 0.899 0.773 0.237 0.156 

Week 8 – week 12 564 650 12.5 0.29 0.13 <0.001 0.857 0.535 0.692 0.651 0.043 0.185 

Week 12 – week 17 757 811 15.2 0.29 0.08 <0.001 0.068 0.377 0.191 0.210 0.469 0.233 

Week 17 – week 22 944 991 18.0 0.34 0.05 0.009 0.907 0.021 0.849 0.037 0.851 0.570 

Birth – week 22 589 645 7.7 0.36 0.10 <0.001 0.53 0.084 0.476 0.066 0.735 0.265 

Week 4 – week 22 674 737 9.0 0.36 0.10 <0.001 0.514 0.098 0.355 0.066 0.977 0.386 
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Figure 3.1. Number of piglets born alive in the litter of origin from which low birth weight 

and average birth weight pigs were selected 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Model describing the time required for low and average birth weight pigs to 

achieve a slaughter weight of 120kg,, where x = age (days) and y = liveweight (kg)
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Table 3.4. Correlation between pig liveweight at various ages for low birth weight and average birth weight animals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

-Values below the diagonal report correlations between the weights of Low BW pigs whereas values above the diagonal report correlations between the 

weights of Av BW pigs 

*** denotes P<0.001 

** denotes P<0.01 

* denotes P<0.05

Age  
Birth 

weight 

4 week 

weight 

8 week 

weight 

12 week 

weight 

17 week 

weight 

22 week 

weight 

Birth weight - 0.22*** 0.15* 0.14* 0.15* 0.17** 

4 week 

weight 
0.40*** - 0.56*** 0.50*** 0.43*** 0.37*** 

8 week 

weight 
0.32*** 0.53*** - 0.84 *** 0.67*** 0.56*** 

12 week 

weight 
0.32*** 0.49*** 0.86*** - 0.83*** 0.70*** 

17 week 

weight 
0.33*** 0.48*** 0.72*** 0.80*** - 0.85*** 

22 week 

weight 
0.23*** 0.50*** 0.58*** 0.67*** 0.84*** - 
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3.4.2 Impact of birth weight, age and farm on weight variation 

The variance of animal weights was significantly lower for Low BW pigs than for Av BW 

pigs at week 4 (P<0.001) and 8 (P<0.05) (Table 3.5).  However there was no significant 

difference in the variance of weights of Low BW and Av BW pigs at week 12, 17 or 22 

(P>0.05).  The variance of weights of both Low BW and Av BW pigs increased significantly 

with each weighing (P<0.001 respectively).  Numerically, the greatest increase in variance for 

the Low BW pig population occurred between weeks 12 and 17, whereas for Av BW pigs, the 

greatest increase in variance occurred between weeks 17 and 22 (Table 3.5).  The majority of 

Low BW pigs ranged from 6kg to 8kg at weaning (54%), whereas Av BW pigs predominantly 

ranged from 7kg to 10kg (57%).  At slaughter age, the majority of Low BW pigs ranged from 

85kg to 105kg (63%).  The majority Av BW pigs ranged from 90kg to 110kg (58%) at 

slaughter age.  At slaughter age, 24% of Low BW pigs recorded a weight which was equal to 

or greater than the average weight of Av BW pigs.   

Table 3.5. The effect of birth weight on the variance in animal liveweight recorded at various 

ages for low birth weight and average birth weight pigs 

  Variance, kg2 P-value 

  Low BW1 Av BW2   

4 week weight 1.95 3.42 <0.001 

8 week weight 15.39 20.08 0.04 

12 week weight 44.49 48.71 0.48 

17 week weight 109.3 109.1 0.99 

22 week weight 148.8 178.6 0.16 

1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg 
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To demonstrate the impact of farm on the ADG and liveweight of Low BW and Av BW pigs, 

an interactive statistical approach was taken (Tables 3.6 and 3.7).  From birth to week 4, ADG 

for Av BW pigs was largely similar across the five farms (P>0.05).  However Low BW pigs 

on Farm 5 performed well, matching the ADG of Av BW pigs on all farms (P>0.05), whereas 

Low BW pigs on Farm 4 performed poorer than those of a similar birth weight on the 

majority of other farms (P<0.05).  From week 4 to 8, ADG recorded by Av BW pigs on Farm 

2 was poor, falling below that of Low BW pigs on all other farms (P<0.05).  However Low 

BW pigs on Farm 3 recorded an equivalent or superior ADG to Av BW pigs on many other 

farms (P>0.05).  From week 17 to 22, Low BW animals on Farm 3 and 5 matched the ADG 

of Av BW pigs on many other farms (P>0.05).  The above growth rates meant that Low BW 

pigs on Farm 3 and 5 recorded a liveweight equivalent to that of Av BW pigs on other farms 

at certain stages of production.  Furthermore, Av BW pigs on Farm 2 exhibited a liveweight 

more akin to Low BW pigs on other farms from week 8 to 22.  However, when comparing all 

farms, Low BW animals were lighter than Av BW animals in the majority of cases (P<0.05).  

Furthermore, when comparing Low BW pigs to Av BW pigs on any given farm throughout 

production, Low BW pigs were almost exclusively significantly lighter (P<0.05).  The 

variance in weight of Low BW pigs was significantly different between farms at week 8 and 

week 17 (P<0.05; Table 3.8).  However there was no significant difference at weeks 4, 12 or 

22 (P>0.05).  Variance in weight of Av BW pigs varied significantly between farms at week 

4, 17 and 22 (P<0.05), but there was no significant difference at week 8 or 12 (P>0.05).   

 

 

 

 



79 

Table 3.6. Effect of farm, birth weight and their interaction on the average daily gain of low birth weight and average birth weight pigs from 

birth to 22 weeks of age  

        P-value 

 Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 SED Farm 
Birth 

weight 

Farm x Birth 

weight 

Average daily gain, g/day          

Birth – week 4          

Low BW1 211bcd 206bc 191ab 173a 232cd 
12.2 0.148 <0.001 <0.001 

Av BW2 218bcd 213bcd 233cd 235d 240d 

Week 4 - 8          

Low BW1 334c 161a 409d 339c 358c 
23.2 <0.001 <0.001 0.019 

Av BW2 408d 210b 526e 438d 405d 

Week 8 - 12          

Low BW1 623 488 612 516 576 
24.4 <0.001 <0.001 0.077 

Av BW2 671 625 701 633 623 

Week 12 - 17          

Low BW1 880 709 651 709 822 
28.2 <0.001 <0.001 0.156 

Av BW2 927 814 723 786 818 

Week 17 - 22          

Low BW1 845a 1012cde 951bc 845a 1047de 
46.4 <0.001 0.008 0.045 

Av BW2 888ab 965bcd 1000cd 980cd 1093e 

Birth – week 22          

Low BW1 602cd 557ab 592bc 547a 637de 
16.0 <0.001 <0.001 0.033 

Av BW2 652e 602cd 655e 644e 664e 
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Week 4 - 22          

Low BW1 689 635 680 628 727 
23.1 <0.001 <0.001 0.068 

Av BW2 748 685 750 735 759 
1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg 
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Table 3.7. Effect of farm, birth weight and their interaction on the liveweight of low birth weight and average birth weight pigs from birth to 22 

weeks of age  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg

       P-value 

 Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 SED Farm 
Birth 

weight 

Farm x Birth 

weight 

Liveweight, kg          

Birth          

Low BW1 0.97c 0.92ab 0.89a 0.88a 0.93b 
0.020 0.129 <0.001 0.006 

Av BW2 1.51d 1.52d 1.52d 1.50d 1.52d 

Week 4           

Low BW1 6.91bc 6.68b 6.26ab 5.73a 7.45cd 
0.410 0.086 <0.001 <0.001 

Av BW2 7.62cde 7.45cde 8.04de 8.08de 8.24e 

Week 8          

Low BW1 16.3cd 11.4a 17.8de 15.4c 17.5de 
0.84 <0.001 <0.001 <0.001 

Av BW2 19.1ef 13.6b 22.8g 20.4f 19.5f 

Week 12          

Low BW1 33.7cd 25.0a 35.1de 30.3b 33.5cd 
1.45 <0.001 <0.001 0.024 

Av BW2 37.8ef 31.3bc 42.2g 38.3f 36.9ef 

Week 17          

Low BW1 64.4de 49.7a 58.2b 55.3b 62.7cd 
1.84 <0.001 <0.001 0.022 

Av BW2 70.4f 59.5bc 67.5ef 65.8de 65.6de 

Week 22          

Low BW1 93.6cd 86.7ab 92.0bc 85.2a 99.1de 
3.06 <0.001 <0.001 0.032 

Av BW2 101.9ef 94.2cd 102.4ef 100.7ef 103.7f 
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Table 3.8. Homogeneity of variance recorded on each farm for the weight of low and average 

birth weight pigs from 4 to 22 weeks of age 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg 

 

3.4.3 Pre-weaning mortality 

Mortality rate as well as average age and weight at death are shown in Table 3.9.  The pre-

weaning mortality of Low BW pigs was over three times greater than that of Av BW pigs 

(P<0.001).  The pre-weaning mortalities of Low BW pigs also occurred earlier in lactation 

(P<0.001) with Low BW pigs being significantly lighter than Av BW animals at death 

(P<0.001).  Average age of pre-weaning deaths was also significantly younger for non-

fostered pigs compared to fostered animals (8.5 days vs 16.2 days; P=0.006).  Pre-weaning 

mortality did not differ significantly between farms (P>0.05), nor was there an interaction 

between farm and birth weight (P>0.05).  The cause of pre-weaning deaths in Low BW and 

Av BW pigs is shown in Table 3.10.  There was a significant association between piglet birth 

weight and cause of pre-weaning death (P=0.008).  Starvation and overlying of piglets were 

 P-value 

 
Low BW1 Av BW2 

 

4 week weight 0.218 0.047 

8 week weight 0.015 0.307 

12 week weight 0.199 0.232 

17 week weight 0.046 0.017 

22 week weight 0.220 0.032 
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the major causes of pre-weaning mortalities in Low BW pigs, accounting for 49% and 28% of 

all deaths respectively.  In contrast, 30% of pre-weaning deaths for Av BW pigs were due to 

an unknown cause, with a further 22% due to over-lying by the sow and 13% due to scouring 

related illness.   

3.4.4 Post-weaning mortality 

Birth weight had no significant impact on the rate of post-weaning mortality (P>0.05) (Table 

3.9).  There was also no significant difference in the age or weight at death between the two 

birth weight categories (P>0.05 respectively).  The most post-weaning deaths recorded within 

a three week period occurred between weeks 5 and 7 or 11 and 13 for Low BW pigs (25% 

respectively) and between weeks 8 and 10 for Av BW pigs (29.4%).   Post-weaning mortality 

differed significantly between farms (P<0.05) but there was no interaction between farm and 

birth weight (P>0.05).  The body systems identified as causing post weaning deaths are 

qualified in Table 3.10.  There was no significant differences in the causes of post-weaning 

deaths between Low BW and Av BW pigs (P=0.935).  However, across both birth weights of 

pigs the main body systems identified as causing post weaning death were the respiratory tract 

(27%) and the alimentary tract (27%).     
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Table 3.9. Effect of birth weight, sow parity, litter size and fostering on mortality rate, average age of death and average weight at death for low 

birth weight and average birth weight pigs 

 

 
 

 

 

 

 

 

 

 

 
1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg 
3BM Parity = Parity of birth mother 
4 BA in litter = Number of piglets born alive per litter 
5SB in litter = number of still born animals per litter 

 

 

 

     P – value 

 Low 

BW1 

Av  

BW2 
SEM 

Birth 

weight 

BM 

parity3 

BA in 

litter4 

SB in 

litter5 

Total 

litter size 
Fostered 

Pre-weaning         
 

 

Mortality, % 20.9 6.1 - <0.001 0.875 0.383 0.818 
0.304 

0.072 

Av. day no. at 

death  
9.2 15.4 1.81 <0.001 0.244 0.491 0.566 0.435 0.006 

Av. death 

weight  
1.2 2.4 0.23 <0.001 0.425 0.427 0.73 0.485 0.132 

Post-weaning          

Mortality (%) 10.2 6.8 - 0.185 0.445 0.754 0.358 0.580 0.442 

Av day no. at  

death  
89.9 89.1 10.21 0.936 0.706 0.508 0.924 0.558 0.238 

Av. death wt  31.5 31.9 7.12 0.953 0.376 0.837 0.772 0.949 0.251 
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Table 3.10. Percentage cause of pre-weaning mortality and body area predisposing post-

weaning mortality for low and average birth weight pigs 

 Low BW1 Av BW2 

Pre-weaning mortalities   

Hurt by sow 6.2 0.0 

Lain on 28.4 21.7 

Scouring 3.7 13.0 

Splay legged 3.7 8.7 

Starvation 49.4 21.7 

Weak at birth 0.0 4.3 

Unknown 8.6 30.4 

Post-weaning mortalities   

Alimentary tract 27.7 25.0 

Cardiovascular system 5.5 0.0 

Muscular / skeletal system 16.6 8.3 

Nervous system 5.5 0.0 

Respiratory system 16.6 41.6 

Systemic infection 11.1 8.3 

No significant findings 16.6 16.6 

1Low BW = Low birth weight pigs, <1kg 
2Av BW = Average birth weight pigs, 1.3 - 1.7kg 
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3.5 Discussion 

This study was designed to allow the collection of data which would enable a thorough 

understanding and quantification of modern commercial performance at an individual pig 

level.  The results generated provide an insight to the commercial impact of the increased 

prevalence of low birth weight pigs.    

3.5.1 Litter composition 

In the present study, Low BW piglets originated from litters with greater number of piglets 

born alive on average compare to Av BW piglets.  This is in line with findings from Quiniou 

et al (2002) and is likely due to intra-uterine growth retardation which results in lower birth 

weight piglets with compromised body structure, metabolism and physiology (Wang et al, 

2017).  

3.5.2 Effect of birth weight on growth performance  

The main aim of this study was to compare the performance of Low BW and Av BW pigs in a 

commercial setting.  As expected, Av BW pigs outperformed those of Low BW throughout 

their lifetime in terms of weight and ADG.  Indeed the average weight difference of 1.2kg 

between Low BW and Av BW pigs at weaning further diverged to over 9kg on average at 

slaughter age, which is of major commercial significance. This divergence in slaughter weight 

is greater than that reported by previous studies which showed differences of 7.62kg (Douglas 

et al, 2014a) and 6.1kg (Beaulieu et al, 2010) in weight at an equivalent slaughter age 

between Low BW and Av BW pigs.  Data from the current study, as noted earlier, represents 

pigs from larger litters with a greater divergence in birth weight than the work by Douglas et 

al (2014a) and Beaulieu et al (2010).  This increase confirms an increasing problem 

associated with compromised animals.  When modelling piglet growth, Low BW animals 

were shown to require an additional 11 days to achieve a market weight of 120kg when 
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compared to Av BW counterparts.  This is comparable to literature where Beaulieu et al 

(2010) showed Low BW pigs take an additional ten days to reach market weight.  However, 

when calculated on the basis of ADG from birth to slaughter recorded for Low BW and Av 

BW pigs in this study, Low BW animals would require over an additional 18 days to reach a 

slaughter weight of 120kg.  This would be expected as the divergence in birth weight from the 

current study is greater than that employed in Beaulieu et al (2010).  This finding, combined 

with only 78% of all trial animals fitting the exponential relationship generated by the model, 

suggests that a modelling approach is better suited to studies conducted under strict 

experimental conditions such as those seen in Lopez-Verge et al (2018) and Revilla et al 

(2019).    

A diverse range of factors contribute to the inferior growth associated with Low BW pigs.  

Larger litters have placed increased demand on sows for milk production.  Whilst modern 

sows may express an improved milk yield, this increase is not sufficient to facilitate maximal 

growth of increased litter sizes (De Bettio et al, 2016).  Furthermore, the greater dominance 

value of heavier littermates often results in compromised pigs losing teat disputes and missing 

an increased number of nursing episodes, which may have contributed to the lower weaning 

weights of Low BW pigs in this study (Le Dividich et al, 2017).  However the reduced growth 

of Low BW pigs was evident throughout the trial period until slaughter.  There is clear 

consensus in literature that an inferior muscle fibre composition and development is central to 

the impaired performance of Low BW pigs.  Low BW animals have been shown to possess 

19% fewer muscle fibres on average than heavier animals at birth (Gondret et al, 2005), with 

the difference in fibre number of 85,000 at birth increasing to 250,000 by slaughter (Rehfeldt 

and Kuhn, 2006).  This restricts lean growth capacity and hence weight gain in Low BW 

animals.   
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Many previous studies have concluded that pig weaning weight is a critical factor in 

determining lifetime performance, with pigs exhibiting lower weaning weights recording 

slower growth and higher mortality throughout the rearing and finishing phases (Fix et al, 

2010; Williams, 2003).  This premise is supported by the findings from the current study 

where both birth weight and weaning weight were strongly correlated to future performance. 

Interestingly, in the current study the difference in ADG of Low BW and Av BW pigs was 

most pronounced from weeks four to eight and eight to twelve.  It is widely recognised that 

the majority of pigs experience a period of sub-optimal growth following weaning, commonly 

referred to as post-weaning growth check (Tokach et al, 2003).  Findings from this study 

suggest that this growth check is more pronounced in Low BW pigs.  It is possible that 

impaired digestive development, which is common in Low BW animals, reduced the ability 

of their gastro-intestinal tract to achieve the rapid changes in size, protein turnover and 

microbiota composition required at weaning (Pluske et al, 2018).  This highlights the 

immediate post-weaning period as a critical window for intervention in Low BW pig 

performance.   

3.5.3 Effect of fostering on growth 

Animals which had been cross-fostered in this study, particularly those of Av BW, exhibited a 

lighter weight at multiple stages of the trial period.  There is evidence in literature to suggest 

that cross-fostering can negatively impact growth (Dewey et al, 2008).  For example, Giroux 

et al (2000) found fostered piglets to weigh 24% less than non-fostered animals at weaning.  

This lighter weaning weight has been linked to aggressive fighting between adopted and 

resident piglets (Wattanaphansak et al, 2002).  However, Calderon-Diaz et al (2018) showed 

fostering to have no detrimental impact on weaning weight.  Producers must therefore ensure 

sufficient time has been afforded to allow colostrum uptake from the animal’s birth mother 
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prior to fostering (Rutherford et al, 2013), and avoid repeated fostering where possible 

(Robert et al, 2001), to minimise any negative effects associated with this increasingly 

essential management practice.  It is worthy to note that the majority of fostered animals were 

of Low BW (57%), which may have influenced these findings.   

3.5.4 Impact of birth weight and farm on growth variation 

A secondary aim of the current study was to compare growth variation between farms.  The 

greater variance in weight of the Av BW pig population in the immediate post-weaning period 

was unexpected, especially as they recorded a superior ADG during this time.  Indeed  

Milligan et al (2001) reported a tendency for Low BW pigs to record a greater coefficient of 

variation in weaning weight than Av BW pigs (0.18 vs 0.15, P=0.081).  Results from the 

present study would suggest that some Av BW pigs experienced elevated growth compared to 

others immediately post-weaning, resulting in a greater variation than that seen in the Low 

BW pig population.  It is logical that the variance of weight within both Low BW and Av BW 

pig populations increased with age (Pardo et al, 2013).  However Schinckel et al (2010) 

quantified the impact of birth weight on growth performance and showed a decreasing 

influence in the growing and finishing phase.  Indeed birth weight accounted for 13% of the 

variability in ADG at a liveweight of 46.7kg, yet only 2% of the variability in ADG at a 

liveweight of 102 kg.  Environmental conditions and genetic differences have been cited as 

other major factors influencing this variation (Magowan et al, 2007).   

Interestingly, the spread of weights at slaughter age was similar for both birth weight 

categories.  Indeed the spread of weights recorded at slaughter age was numerically greater 

for Av BW pigs compared to those of Low BW.  This is in contrast to literature which often 

concludes that it is the light weight animals which should be targeted to reduce growth 

variation (Schinckel et al, 2010).  However, as discussed, the majority of previous work has 
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been conducted on controlled research farms where responses are not always reflective of that 

in the field (Magowan et al, 2007).  As weight variation during the growing and finishing 

stages has a major impact on economic returns, more uniform growth across all birth weights 

is required to maximise farm efficiency.     

When comparing performance between farms, there were significant differences in 

liveweight, growth rate and the variance in weight of pigs belonging to both birth weight 

categories at various stages of production.  Generally, Low BW pigs were lighter than Av BW 

pigs when comparing all farms.  The inferior weight of Av BW pigs on Farm 2 can be 

explained by a disease challenge faced by this farm during the trial period.  However, even 

when Farm 2 is not considered, there were certain instances where the liveweight of Low BW 

pigs on one farm were equivalent to that of Av BW pigs on another farm.  Variation in growth 

between farms is often attributed to differences in genetics, environmental health and 

management practices (He et al, 2016).  Indeed genetic lines are often selected on their ability 

to produce larger, faster growing progeny (Ladinig et al, 2014).  However this alone is 

unlikely to account for the extent of the variation recorded between farms in this trial, with 

three of the five farms studied employing genetics from the same breed and still recording 

significant differences in performance.  It is therefore more likely that the variation observed 

in performance between farms was a consequence of environmental health and farm 

management.  For example, a greater variance in weight on some farms may have been 

promoted by a difference in the number of piglets suckling each sow after cross-fostering, as 

this increases the competition for productive teats.  Creep feeding is often supplied to piglets 

during lactation to reduce the load on lactating sows.  However multiple studies have shown 

creep feeding does not necessarily improve pre- and post-weaning growth or litter uniformity, 

as not all piglets consume the creep offered (Sulabo et al, 2010; Muns and Magowan, 2018).  

This is in agreement with the current study as Low BW animals on Farm 5 recorded the 
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greatest weight at weaning and slaughter age, despite this being the only farm to not offer 

creep feed during lactation.  Additionally, work by Magowan et al (2007) comparing growth 

variation between commercial herds also compared the performance of a sub-sample of 

animals from the different herds when reared in a controlled common environment.  Results 

showed the top and bottom performing herds in the common environment differed to the top 

and bottom performing herds ‘on farm’, highlighting the impact of management and 

environmental conditions on performance.  

3.5.5 Effect of birth weight and fostering on pre-weaning mortality 

The significantly greater pre-weaning mortality of Low BW pigs compared to heavier 

counterparts is in agreement with the findings in literature (Yuan et al, 2015).  Furthermore 

the reduced age and weight of Low BW pigs at death, combined with the clear association 

between birth weight and cause of pre-weaning death, shows how mortality manifests 

differently within different birth weight categories.  In the current study almost half of the 

pre-weaning deaths amongst Low BW pigs were due to starvation.  This is likely to be linked 

to the reduced vitality of these piglets at birth.  Indeed, as discussed earlier, heavier littermates 

have been shown to record a significantly greater dominance value, win the majority of teat 

disputes and gain access to more productive anterior teats (Le Dividich et al, 2017).  This 

restricts the availability and intake of colostrum and milk in compromised animals during 

early lactation.  This can help explain their high level of death due to starvation, as well as 

earlier pre-weaning deaths.  The high surface area : bodyweight ratio of Low BW piglets, 

combined with a low body fat reserve, increases susceptibility to post-natal hypothermia 

(Yuan et al, 2015).  This can increase the likelihood of crushing due to the lethargic 

movement of chilled piglets, explaining the high number of Low BW pigs which died 

following overlying by the sow during lactation in the current trial.   
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Pre-weaning deaths of average birth weight pigs were less frequent.  As these deaths occurred 

significantly later during lactation compared to lighter contemporaries, it would suggest these 

heavier pigs were not affected to the same extent by impaired vitality and milk acquisition in 

the immediate post-natal period.  However, with a large proportion of deaths being attributed 

to overlying (22%) and scouring related illness (13%), there is still room for improvement 

within the heavier pig population.  

Findings from the study are in line with literature, where pre-weaning mortality tended to be 

greater in fostered pigs (Calderón Díaz et al, 2018).  As discussed previously, fostering can 

have a negative impact on piglets by inducing stress, restricting colostrum intake, disrupting 

suckling behaviour and can even result in rejection by the foster mother (Dewey et al, 2008; 

Rutherford et al, 2013).  However it is acknowledged that the majority of fostered animals in 

this study were Low BW pigs and this may have biased the data and results.   

3.5.6 Effect of birth weight on post-weaning mortality 

There was no significant association between birth weight and cause, weight or age of post-

weaning death.  It was interesting to note that both Low BW and Av BW populations 

recorded a highly similar average day of post-weaning death.  Furthermore post-weaning 

mortalities were evenly spread over a wide range of weeks for both birth weight categories, 

meaning it was not possible to establish a period of ‘highest mortality risk’.  Whilst Low BW 

animals recorded 3.3% greater mortality than those of Av BW during the post-weaning 

period, this difference was not significant.  This is in contrast to previous studies showing 

light weight pigs to record significantly lower survival rates following weaning (Collins et al, 

2017).  It was interesting to note that the post-weaning mortality rate of Av BW pigs was 

greater than their rate of mortality pre-weaning.  This is an area of concern for producers as in 
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addition to reducing income through a reduced number of pigs marketed, post-weaning deaths 

also represent wasted investment in terms of feed costs. 

The alimentary tract was found to be affected in 27.7% of Low BW and 25% of Av BW post-

mortem examinations.  This concurs with Edwards et al (2013) who demonstrated gastric 

diseases can account for up to 60% of mortalities during the weaner phase.  It is thought the 

abrupt withdrawal of maternal milk at weaning, which supplies a variety of bioactive 

compounds to aid digestive and immune development, can contribute to digestive disorders in 

the post-weaning period.  Animals can also suffer deleterious changes to intestinal structure 

and function due to insufficient feed intake post-weaning.  This can lead to intestinal 

inflammation which compromises the villus-crypt architecture and gastro-intestinal tract 

barrier function as well as disrupting intestinal microbiota (Moeser et al, 2017).   

The respiratory tract was also implicated in 16.6% of Low BW and 41.6% of Av BW post-

weaning mortalities in this trial.  High animal stocking densities, inadequate ventilation and 

failure to maintain house hygiene can increase the risk of respiratory disease (Maes et al, 

2008).  A variety of approaches including improved feeding conditions, eradication schemes 

and genetic selection for improved host immunity have shown promise (Huang et al, 2017).  

However it is clear further work is still required in this area.  

3.6 Conclusion 

This study has found that within modern pig production in a commercial setting Low BW 

pigs had a 15% greater pre-weaning mortality compared to Av BW pigs, with starvation cited 

as the cause of death in almost half of all cases.  Furthermore, Low BW pigs exhibited a 

56g/day inferior growth rate and 10% lighter slaughter weight on average compared to Av 

BW pigs.  This confirms Low BW pigs are a chronic problem at farm level.  The respiratory 

tract and alimentary tract were commonly implicated in post-weaning deaths across both 
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birthweight categories.  At slaughter age, it was notable that 24% of Low BW pigs recorded a 

weight which was equal to or greater than the average weight of Av BW pigs, indicating some 

Low BW animals exhibit acceptable performance.  Findings from this study show targeted 

intervention is essential to minimise this birth weight associated performance differential, 

with the lactation and the immediate post-weaning periods highlighted as potential targets.  

This requires further investigation. 
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Chapter 4 

Impact of sow lactation feed intake on the growth 

and suckling behaviour of low and average birth 

weight pigs to ten weeks of age 
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4.1 Abstract 

Improved genetics in commercial pig production have resulted in larger litter sizes.  However 

this has increased the prevalence of compromised pigs exhibiting inferior birth weights, 

weaning weights and lifetime performance.  This study aimed to determine the effects of 

increased sow lactation feed intake on growth of low and average birth weight piglets until 10 

weeks of age.  Suckling behaviour was also assessed.  Low birth weight (LOW BW;<1kg) 

and average birth weight (AV BW;1.3-1.7kg) animals were reared in uniformly weighted 

litters comprising 14 piglets on a foster mother offered either a low feed allowance (LOW 

FA; max 7.5kg/day) or high feed allowance (HIGH FA; max 11kg/day) over a 28 ± 1 day 

lactation.  Sows offered a High FA consumed 42.5kg more feed on average than those offered 

Low FA, resulting in a greater derived milk yield (P<0.05).  Animals of Av BW remained 

heavier than Low BW pigs throughout the trial (P<0.05).  Piglets reared by High FA sows 

were heavier at week 3, 4, 5 and 7 (P<0.05) but not week 10 (P>0.05).  Growth rate of piglets 

relative to their birth weight was significantly greater for Low BW piglets than those of Av 

BW during lactation (P<0.001).  Piglets reared by sows offered a High FA expressed greater 

relative growth pre-weaning (P<0.05), however post-weaning relative growth was greater for 

piglets reared on sows offered a Low FA (P<0.05), suggesting compensatory growth.  Pre-

weaning mortality was not significantly affected by sow lactation feed allowance, but was 

greater for Low BW pigs compared to Av BW pigs (P<0.01).  However Low BW animals on 

sows with a High FA recorded half the pre-weaning mortality of Low BW pigs on sows with 

a Low FA.  During week 1 of lactation, Av BW litters recorded a greater total suckling 

duration compared to Low BW litters (P<0.05) but there was no difference in suckling 

frequency (P>0.05).  During week 3 of lactation High FA litters displayed a significantly 

lower suckling frequency (P<0.05) yet a greater total suckling duration (P<0.001).  Average 

daily gain was greater for Av BW pigs during weeks 4 to 7 compared to Low BW pigs 
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(P<0.001), but no difference was recorded between week 7 and 10 (P>0.05).  Average daily 

feed intake was greater for Av BW pigs throughout the nursery period (P<0.05) but feed-

conversion ratio did not differ compared to Low BW pigs (P>0.05).  In conclusion offering 

sows a High FA increased weaning weight of all animals, however birth weight was the major 

determinant of post-weaning performance.     

4.2 Introduction 

Advances in genetics, combined with improved management, has resulted in significant 

increases in litter sizes within commercial pig production (Bruns et al, 2018).  This has been 

accompanied by an increase in the number of low birth weight and potentially unviable 

piglets, largely due to intra-uterine growth retardation (IUGR) (Antonides et al, 2015).  

Quiniou et al (2002) showed that large litters (>16 piglets) demonstrated an average reduction 

of 330g in piglet birth weight and that low birth weight pigs occupied a significantly greater 

proportion of these larger litters (23% of piglets < 1 kg compared to 7% in litters <11 piglets).  

These compromised animals commonly have elevated levels of pre-weaning mortality as well 

as impaired weaning weights and lifetime performance (Beaulieu et al, 2010).  With litter 

sizes continuing to increase, it is imperative that effective post-natal intervention strategies 

are developed to maximise the performance of these compromised animals to ensure the 

sustainability of the industry.  Multiple studies have shown how low birth weight pigs have 

the potential to achieve improved growth rates when effective intervention strategies are 

employed.  For example, Douglas et al (2014a) reported low birth weight pigs fostered into 

uniformly weighted litters recorded greater weaning weights than those in mixed weight 

litters (7.34kg vs 6.8kg; P=0.045).  Increased nutrient availability during the suckling period 

through sow lactation feed intake has been highlighted as a potential approach to support 

sufficient growth of piglets reared in large litters during the nursing phase.  Indeed Sulabo et 

al (2010) found that litters reared by sows fed ad-libitum during lactation exhibit superior 
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total (46.7 vs. 43.0 kg; P < 0.04) and daily (2.56 vs. 2.36 kg; P < 0.04) litter weight gain 

compared to those fed a standard diet.  However much of the existing work has been 

conducted on litter sizes of under 12 pigs and does not focus on the specific impact of 

treatment on low birth weight piglets, resulting in the published data not adequately reflecting 

modern commercial practice. 

The objective of this study was therefore to determine the effects of increased nutrient supply 

to piglets through sow lactation feed intake on the performance of compromised (<1kg) and 

‘normal’ (~1.5kg) birth weight pigs reared in large litter sizes of 14 piglets during a 28 ± 1 

day lactation and up until 10 weeks of age.  It was hypothesised that increased lactation feed 

intake would improve the milk yield of sows and result in increased weight gain and reduced 

mortality of all piglets during lactation.  A key focus of the work was to then investigate if 

any improvements in performance pre-weaning were carried through significantly post 

weaning. 

4.3 Materials and methods 

This study was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, 

Northern Ireland.  The work was carried out in accordance with the Animals (Scientific 

Procedures) Act 1986 (The Parliament of the United Kingdom, 1986).  All AFBI research and 

equipment was externally checked and /or calibrated and work was ISO 9001 certified.   

4.3.1 Animals 

Existing literature frequently defines low birth weight as 1.25kg or below (Douglas et al, 

2014a; Muns et al., 2014, 2017; Wolter et al, 2002).  However recent analysis from the 

commercial setting has shown 25% of piglets record a birth weight under 1.1kg (Wang et al, 

2017), with up to 23% born under 1kg in large litters (Quiniou et al, 2002).  For this reason an 

upper limit of 1kg was set for low birth weight piglets in this study, to reflect compromised 
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pigs in the commercial environment.  It is also accepted that the majority of piglets are born 

within a weight range of 1.4 and 1.6kg (Quiniou et al, 2002).  Therefore the weight profile of 

the average birth weight pig population employed in this study approximated 1.5kg and 

ranged from 1.3kg to 1.7kg.  A total of 448 crossbred piglets (Duroc x (Large White x 

Landrace)) were selected from 71 sows at birth over 8 time replicates.  Sows were induced to 

farrow with 2 ml of Planate (cloprostenol, Intervet/Schering-Plough Animal Health, Boxmeer, 

Netherlands) on d 114 of gestation and all sows within each replicate farrowed within a 24 

hour period.  Within this cohort 224 piglets had a birth weight under 1kg and the remaining 

224 piglets had a birth weight between 1.3 and 1.7 kg.  At farrowing, 4 sows per time 

replication were selected as foster mothers.  As such all piglets were reared on a total of 32 

foster sows which ranged from parity 2 to 4.  Therefore two experimental litters of 14 low 

birth weight piglets and two experimental litters of 14 average birth weight piglets were 

established per each time replicate.  Weight, parity and body condition of foster sows was 

balanced across each treatment group.  Each litter was also balanced for sex.     

4.3.2 Treatments and lactation feeding regime 

The trial represented a 2 x 2 factorial arrangement where two levels of lactation feed 

allowance, namely high feed allowance (HIGH FA) and low feed allowance (LOW FA), 

were offered to sows rearing litters of either a low (LOW BW) or average birth weight (AV 

BW).  All sows were offered 3kg/day of the lactation diet from d 108 ± 1 of gestation until 

the day of farrowing.  When the litters were established, sows assigned to the Low FA 

treatment received increasing increments of 0.3 kg/day up to a maximum of 7.5kg/day.  The 

Low FA regime was designed after consultation with industry, to reflect intake on commercial 

farms.  Sows assigned to a High FA regime were offered increasing increments of 0.5 kg/day 

to a maximum of 11 kg/day.  Intake was capped at 11 kg/d to reduce the likelihood of sows 
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over-eating and becoming ‘sickened’, leading to food refusal and reduced lactation intake.  

The lactation period lasted for a duration of 28 ± 1 days.   

4.3.3 Animal management 

At d 108 ± 1 of gestation, sows were placed in farrowing accommodation where the 

temperature was maintained at 19oC and reduced to 17.5oC on completion of farrowing.  Each 

sow was allocated to an individual farrowing crate (0.5 x 2.2 m), located in the centre of the 

farrowing pen (2.3 x 1.5 m).  Sows were fed a commercial lactation diet (14.5 MJ DE/kg, 

17.4% CP, 1.2% total Lys) twice daily using a wet and dry feeder.  Farrowing crates were 

equipped with individual heat lamps as well as an enclosed heated creep area at the front (1.5 

x 0.6m).  Temperature of the creep area was maintained at 30oC until piglets had reached 1 

week of age when it was gradually reduced to 23oC.  Piglets were teeth clipped, tail docked 

and given a 2ml iron injection (Uniferon; Virbac Ltd., Suffolk, UK) within 12 hours of birth.  

Piglets were also assigned a unique electronic ear tag to allow health and performance to be 

monitored on an individual basis.  Piglets remained with their birthmother for a minimum of 

12 hours after birth to allow for colostrum intake.  Cross fostering was then completed within 

36 hours of farrowing to establish two litters containing only 14 Low BW piglets (<1kg) and 

two litters containing only 14 Av BW piglets (1.3kg – 1.7kg).  Each litter was then randomly 

assigned to a foster sow.  Fostered litters were designed such that no litter contained any more 

than three siblings and no piglets were reared by their birth mother.  Litters were also 

balanced for sex.  Each piglet was vaccinated for Mycoplasma hypopneumoniae with Ingelvac 

MycoFLEX and PCV2 with Ingelvac CircoFLEX (Boehringer Ingelheim Ld., Bracknell, UK) 

on d 27± 1.  Piglets were offered no creep feed during lactation.  All piglets were weaned at 

28 ± 1 days of age.  
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At weaning, 10 piglets were selected from each experimental litter on the basis of weight.  

Selection was undertaken such that the group of 10 was representative of the originating litter 

in terms of average weight and variation in weight.  Sex remained balanced.  Surplus animals 

were removed from trial.  All trial pigs were then moved to the nursery accommodation at 28 

± 1 days of age and remained there until day 69 ± 1.  In the nursery accommodation, pigs 

were housed in plastic slatted pens (0.38 m2 per pig), remaining in their litter group of 10.  

Temperature was initially fixed at 28 ºC but was reduced to 18ºC in daily increments of 0.5ºC.  

Animals were fed using dry multi-space feeders (Etra Feeders Ltd., Dungannon, UK) with an 

average feeding space of 6.6cm per pig.  In the nursery accommodation feed allowance was 

offered on a per-pen basis.  The nursery dietary regime consisted of 30kg Starter Diet 1 

(16.5MJ/kg DE, 22.5% CP, 1.70% Lys) per pen followed by 60kg of Starter Diet 2 (15.8 

MJ/kg DE , 22.0% CP, 1.55% Lys) per pen.  When each pen had consumed their starter diet 

allocation, a grower diet (13.5 MJ/kg DE, 17.4%CP, 0.32% Lys) was offered ad-lib to 10 

weeks of age.   

4.3.4 Measurements 

Sow body weight was recorded at day 108 of gestation and day 28 ± 1 of lactation (weaning).  

Sow back-fat depth at the P2 position (65 mm from the midline at the level of the last rib) was 

also recorded using an ultrasonic scanner prior to farrowing and at weaning (Pig Scan-A-

Mode backfat scanner, SFK Technology, Denmark).  Lactation feed intake was recorded daily 

as a measure of feed offered minus any refusals.  Feed allowance was managed to minimise 

refusals.  At birth, piglets had rectal temperatures recorded using a digital thermometer 

(Brannan 11/064/2; ±0.1 ºC; RS-Components Ltd, UK) . Birth order within birth litter was 

also recorded for each animal.  Pigs were individually weighed at birth and 7, 14, 21 and 28 

days of age.  A 24 hour video recording was taken of each farrowing pen under trial at day 8, 

15 and 22 to allow analysis of suckling behaviour.  In each video the total number and 
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duration of suckling bouts were quantified.  A suckling bout was considered to begin when at 

least 50% of the piglets were actively stimulating the udder and was considered to end when 

more than 50% of the piglets had left the udder or were no longer actively massaging the 

udder (Berkeveld et al, 2007).  All fallen experimental animals had a death date, weight and 

cause recorded.  Pre-weaning mortality was calculated as the percentage of the litter which 

died or were euthanised before weaning.  Sow milk yield was calculated as piglet gain × 4.2 

(van derr Peet-schwering et al, 1998).  Sow lactation efficiency was calculated by dividing 

sow energy input during lactation by total litter gain (kg) after cross-fostering, where energy 

input was calculated by adding the total energy intake from feed during lactation to energy 

gained from sow weight loss during lactation (assuming every 1kg loss = 12.5 MJ DE) (Close 

and Cole, 2000).  When calculating sow lactation efficiency, sow empty bodyweight was 

calculated using the formula: sow empty weight (kg) = sow weight pre-farrowing (day 108 

(kg)) – (total number of piglets born x 2.28) (National Research Council, 1998).  Relative 

growth over a given time was calculated by subtracting the initial weight from the current 

weight and then dividing this figure by the initial weight.   

In the nursery accommodation, feed intake was manually recorded for each pen on a daily 

basis for the 9 days after weaning.  Relative feed intake for this period was calculated as pen 

feed intake for a given day divided by pen weaning weight. Total pen feed intake was also 

recorded at day 49 and day 69.  The average daily feed intake (ADFI), average daily gain 

(ADG) and feed-conversion ratio (FCR) of all treatment groups were calculated on a per pen 

basis.  All pigs were individually weighed at day 35, 49 and 69.   

4.3.5 Statistical analysis 

A linear mixed model was employed to analyse pig performance at an individual and litter 

level (body weight, relative growth, litter gain, mortality, suckling duration, feed intake, 
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ADG, and FCR) with replicate, birth mother or foster mother incorporated as a random effect.  

Birth weight and feed allowance were fitted as fixed effects, with the first order interaction 

forming four treatment groups.  Significance was defined as P<0.05, with tendencies defined 

as P<0.1.  The experimental unit for piglet weights, ADG and relative growth was the 

individual pig.  The experimental unit for ADFI, FCR and suckling behaviour was the pen of 

pigs.  All statistical analysis was carried out using GenStat 16th Edition (Lawes Agricultural 

Trust, Rothamsted Experimental Station).            

4.4 Results 

4.4.1 Sow lactation performance  

There were no significant interactions between litter birth weight and lactation feed allowance 

for sow feed intake, back-fat loss, weight loss, lactation efficiency or derived milk yield 

during the lactation period (Table 4.1).  Sows offered the High FA regime consumed an 

average of 42.5kg more feed than those offered a Low FA (P<0.001).  There was no 

difference in sow weight loss during lactation between sows offered Low FA or High FA 

(P>0.05) but absolute and percentage weight loss was significantly greater in sows rearing Av 

BW piglets than those rearing Low BW animals (P<0.05, respectively).  Sows rearing Av BW 

litters also recorded significantly greater back-fat loss (P<0.01).  Derived milk yield was 

greater in weeks 2, 3 and 4 of lactation and overall from birth to weaning (P<0.05, 

respectively) for sows offered a High FA compared to those offered a Low FA.  Sow lactation 

efficiency was not affected by sow lactation feed allowance (P>0.05).  There was a tendency 

for sows rearing Low BW piglets to record a superior lactation efficiency (P<0.1).
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Table 4.1. Effect of litter birth weight and lactation feed allowance on sow feed intake, body condition and derived milk yield during lactation 

  Low BW1 Av BW2  P-value 

  
 Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM Birth weight Feed allowance 

Birth weight x 

Feed allowance 

Sow feed intake, kg  173.3 212.2 175 220.9 6.98 0.465 <0.001 0.622 

Sow P2 loss, mm  1.96 1.68 4.25 2.69 0.571 0.009 0.122 0.275 

Pre-farrowing  

weight, kg  
267.1 254.6 255.6 272 10.03 0.773 0.849 0.165 

Post-farrowing 

 weight, kg  
254.6 248.6 230.4 252.6 10.28 0.336 0.438 0.184 

Sow weight loss, kg 
 

12.5 6 25.2 19.4 6.14 0.045 0.325 0.96 

Sow weight loss, %  4.72 2.23 9.68 7.06 2.236 0.04 0.266 0.977 

Lactation efficiency5  37.11 32.93 30.79 32.19 1.904 0.078 0.473 0.157 

Derived milk yield, kg6          

Week 1   44.2 56.7 63.6 64.5 7.01 0.067 0.352 0.418 

Week 2  
 

80.1 101.4 96.9 106 7.09 0.147 0.044 0.398 

Week 3   72.7 100.8 86.4 107.5 7.55 0.191 0.004 0.648 

Week 4  
 

80.8 101 89 103.8 5.86 0.364 0.007 0.646 

Week 1-4   277.8 359.9 335.8 381.7 23 0.097 0.011 0.439 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg) 
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5 Lactation efficiency was calculated by dividing sow energy input during lactation by total litter gain (kg) after cross-fostering, where energy 

input was calculated by adding the total energy intake from feed during lactation to energy gained from sow weight loss during lactation 

(assuming every 1kg loss = 12.5 MJ DE) (Close and Cole, 2000) 
6 Derived milk yield was calculated as piglet gain × 4.2 (van derr Peet-schwering et al, 1998).  
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4.4.2 Animal performance from birth to 28 days of age 

No interactions between birth weight and feed allowance were significant for parameters of 

pre-weaning weight, growth rate or mortality rate (P>0.05) (Table 4.2).  Pigs of Av BW 

recorded a significantly greater rectal temperature at birth than Low BW animals (P<0.001).  

Pigs of Av BW also tended to be born later in the litter (P=0.071).  Litter weight was not 

affected by sow feed allowance at week 1 (P>0.05), but was significantly heavier for High FA 

animals at week 2, 3 and 4 compared to Low FA pigs (P<0.05 respectively).  Litters of Av 

BW were significantly heavier than those of a Low BW throughout lactation (P<0.001).  

During the lactation period, litter gain was significantly greater for litters of an Av BW 

(P<0.001) and for those reared by a sow offered a High FA (P<0.01).  Pre-weaning mortality 

was significantly greater for Low BW litters than those of Av BW (P<0.01), resulting in a 

smaller litter size weaned (P<0.01).  However pre-weaning mortality of Low BW animals 

reared on sows offered a High FA was half that of Low BW animals reared on sows offered a 

Low FA.  Animals of a Low BW which died during lactation were lighter at time of death 

than Av BW mortalities (P<0.001).  However weight and age of pre-weaning deaths were not 

affected by feed allowance (P>0.05).  Relative growth during lactation was greater for Low 

BW animals (P<0.001) and for animals reared by sows offered a High FA (P<0.001).  The co-

variance of ‘within-litter’ piglet weights at weaning was not affected by birth weight or feed 

allowance (P>0.05 respectively).   
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Table 4.2. Effect of birth weight and sow lactation feed allowance on litter and piglet pre-weaning performance from birth until day 28 

  Low BW1 Av BW2   P-value 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM 

Birth 

weight 
Feed allowance 

Birth weight x 

Feed allowance 

Rectal temp (birth), oC 36.36 37.15 0.109 <0.001 - - 

Birth order 7.08 8.15 0.453 0.019 - - 

Piglet weight,kg         

Birth 0.93 0.92 1.51 1.51 0.013 <0.001 0.923 0.846 

Week 1  1.80 1.95 2.72 2.78 0.114 <0.001 0.223 0.601 

Week 2  3.46 3.83 4.57 4.75 0.208 <0.001 0.074 0.533 

Week 3  5.26 5.86 6.25 6.75 0.324 <0.001 0.025 0.841 

Week 4  7.00 7.87 7.94 8.63 0.363 0.003 0.005 0.715 

Relative growth Weaning:Birth, kg/kg 5 6.48 7.50 4.28 4.71 0.245 <0.001 <0.001 0.105 

Litter weight, kg         

Birth  12.8 12.9 21.1 21.2 0.11 <0.001 0.69 0.933 

Week 1  21.8 25.0 37.8 37.8 1.26 <0.001 0.209 0.211 

Week 2  39.4 49.3 62.4 63.0 2.50 <0.001 0.048 0.076 

Week 3  56.6 73.3 83.1 88.6 3.84 <0.001 0.009 0.159 

Week 4 75.6 97.4 104.5 113.2 4.89 <0.001 0.005 0.195 

Co-variance of wean weights 0.206 0.175 0.175 0.155 0.0192 0.215 0.198 0.777 

Pre-weaning mortality, % 22.3 11.6 6.3 6.3 3.53 0.006 0.144 0.144 

Average age of death, days 10 9 18 8 0.4 0.175 0.228 0.123 

Average weight of death, kg 1.0 1.5 2.8 2.0 0.53 <0.001 0.712 0.078 

Litter gain, kg 62.7 84.5 83.4 92.1 4.86 0.009 0.005 0.193 

Litter size weaned 10.9 12.4 13.1 13.1 0.49 0.006 0.144 0.144 
1Low BW = Low birth weight pigs (<1kg) 
2Av BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg 
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5Relative growth weaning:birth was calculated as (weaning weight – birthweight) / birthweight
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4.4.3 Effect of birth weight and feed allowance on suckling behaviour 

No interactive effects between birth weight and feed allowance were recorded for suckling 

behaviour during the lactation period (P>0.05) (Table 4.3).  Total suckling duration was 

significantly greater for Av BW litters than those of Low BW at week 1 of lactation (P<0.05) 

but there was no significant difference in suckling frequency or average bout duration (P>0.05 

respectively).  Birth weight had no effect on suckling behaviour at week 2 or 3 of lactation 

(P>0.05, respectively).  Feed allowance had no impact on suckling behaviour at week 1 or 2 

of lactation (P>0.05, respectively).  However at week 3, High FA litters recorded a 

significantly greater total suckling duration (P<0.001) and average bout duration (P<0.001) 

but a lower suckling frequency (P<0.01) than Low FA litters. 

 4.4.4 Pen performance from 28 to 69 days of age 

No interactive effects between birth weight and feed allowance on live weight, ADG, ADFI 

or FCR were recorded in the nursery stage (Table 4.4).  Pigs of Av BW were significantly 

heavier than those of Low BW at week 5, 7 and 10 (P<0.001, respectively).  Pigs reared by 

High FA sows were heavier than those reared on Low FA sows at week 5 and 7 (P<0.05, 

respectively), but there was no significant difference at week 10 (P>0.05).  Pig ADG was 

significantly greater for Av BW animals than those of Low BW between week 4 and 7 

(P<0.001) but there was no significant difference present from week 7 to 10 (P>0.05).  Pig 

ADG did not differ throughout the nursery stage between those reared by sows on High FA or 

Low FA (P>0.05).  Piglet weight gain from week 4 to 10 was significantly greater for Av BW 

pigs than those of a Low BW (P<0.001) but feed allowance had no effect (P>0.05).  Between 

week 4 and 10 there was no significant difference in relative growth of Low BW and Av BW 

animals (P>0.05, respectively) and relative growth was significantly greater for animals 

reared by sows offered a Low FA (P<0.01).
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Table 4.3. Effect of birth weight and sow lactation feed allowance on piglet litter suckling behaviour during lactation   

 

1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg) 

 

 

 

  Low BW1 Av BW2  P-value 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM 

Birth 

weight 
Feed allowance 

Birth weight x 

Feed allowance 

Suckling frequency, total bouts/day           

Week 1 43 46 50 46 2.0 0.099 0.887 0.137 

Week 2 42 44 45 48 2.0 0.101 0.343 0.772 

Week 3 43 36 48 38 2.5 0.24 0.005 0.561 

Total suckling duration, mins/day         

Week 1 172.1 160.1 201.7 192.8 11.43 0.019 0.379 0.89 

Week 2 136.7 140.2 135.2 147.6 12.51 0.816 0.538 0.73 

Week 3 129.7 151.2 130.4 172.1 5.99 0.096 <0.001 0.117 

Average bout duration, mins/day         

Week 1 4.09 3.52 4.09 4.20 0.346 0.346 0.519 0.347 

Week 2 3.21 3.21 2.99 3.07 0.239 0.467 0.858 0.869 

Week 3 3.04 4.19 2.77 4.65 0.229 0.693 <0.001 0.131 
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Table 4.4. Effect of birth weight and sow lactation feed allowance on piglet growth performance from weaning until day 69 

1Low BW = Low birth weight pigs (<1kg) 

  Low BW1 Av BW2  P-value 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM 

Birth 

weight 
Feed allowance 

Birth weight x 

Feed allowance 

Piglet weight, kg         

Week 5  7.7 8.6 8.9 9.7 0.39 <0.001 0.005 0.89 

Week 7  13.9 14.6 16.0 16.9 0.55 <0.001 0.049 0.776 

Week 10  24.4 25.3 26.8 27.8 0.79 <0.001 0.101 0.966 

Piglet weight gain weaning - 

10 weeks, kg 
17.3 17.4 19.0 19.1 0.61 <0.001 0.91 0.948 

Relative growth wk10:wk4, 

kg/kg 5 
2.53 2.22 2.53 2.23 0.140 0.958 0.006 0.911 

Pig average daily gain, g         

 Week 4-7 328 316 387 388 14.4 <0.001 0.717 0.667 

 Week 7-10 533 535 543 546 20.0 0.502 0.861 0.995 

Week 4-10 427 423 463 465 10.0 <0.001 0.892 0.749 

Pig average daily feed 

intake, g 
        

Week 4-7 324 321 376 379 19.4 0.012 0.982 0.887 

Week 7-10 926 984 1060 1057 30.0 0.002 0.353 0.295 

Week 4-10 607 632 691 698 20.0 0.006 0.498 0.717 

Pen FCR         

Week 4-7 1.10 1.06 1.02 1.04 0.041 0.187 0.841 0.486 

Week 7-10 1.82 1.87 1.97 1.97 0.063 0.066 0.719 0.714 

Week 4-10 1.53 1.55 1.53 1.57 0.034 0.756 0.39 0.685 
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2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg)  
5 Relative growth wk10:wk4 calculated as (week 10 weight – week 4 weight) / week 4 weight
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The ADFI per pig was greater for Av BW animals than Low BW animals during the growing 

period (P<0.05) but did not differ between High FA and Low FA pen groups (P>0.05) (Table 

4.4).  The feed intake for Av BW pens was significantly greater than those of Low BW each 

day in the immediate post-weaning period (P<0.05), with the exception of days 1 and 5 where 

there was no significant difference (P>0.05 respectively).  However, when pen feed intake 

was calculated relative to pen weaning weight, there was no significant difference in relative 

feed intake between Low BW and Av BW pens (P>0.05), with the exception of days 2 and 6 

where intake was significantly greater in Av BW pens (P<0.05 respectively) (Table 4.5).  

There was no difference in daily feed intake during days 1 to 9 post-weaning between pens 

reared on sows offered either a Low FA or High FA pigs (P>0.05).  Table 4.4 shows that 

between week 4 and 10, no differences in pen FCR were recorded between Low BW and Av 

BW pigs (P>0.05) or between High FA or Low FA pen groups (P>0.05).
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Table 4.5. Pen daily feed intake relative to wean weight in the 9 days after weaning (day 28 to 36) (kg.kg-1) 

  Low BW1 Av BW2  P-value 

 Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM 

Birth 

weight 
Feed allowance 

Birth weight x 

Feed allowance 

Relative feed intake, g/kg         

Day 1  1.2 0.4 2.3 0.8 0.65 0.258 0.094 0.542 

Day 2  2.2 3.0 9.2 5.9 1.91 0.021 0.52 0.302 

Day 3  9.2 10.8 17.5 14.4 2.87 0.056 0.805 0.421 

Day 4  15.3 15.7 22.6 17.9 3.00 0.134 0.488 0.41 

Day 5  14.9 15.2 18.0 16.5 3.10 0.483 0.858 0.787 

Day 6  19.4 17.4 24.4 21.8 2.14 0.045 0.298 0.876 

Day 7  29.1 25.9 30.3 30.4 2.27 0.231 0.52 0.469 

Day 8  37.6 31.9 40.8 37.4 3.37 0.214 0.198 0.744 

Day 9  41.6 37.3 44.6 41.6 3.55 0.326 0.327 0.86 

Day 1-9  170.3 157.6 209.6 186.6 18.12 0.079 0.342 0.781 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg)
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4.5 Discussion 

4.5.1 Impact of feed allowance and litter birth weight on sow condition and performance 

Sows rearing litters with an Av BW lost 13kg more weight and 1.65mm more back-fat during 

lactation than those rearing litters of a Low BW.  This is in agreement with literature showing 

heavier birth weight pigs increase sow weight loss during lactation (Tantasuparuk et al, 2001) 

and may have been caused by a greater mobilisation of sow body reserves to accommodate a 

greater milk demand associated with heavier litters (Eissen et al, 2003).  The tendency for 

sows rearing Low BW litters to record a greater lactation efficiency could be due to reduced 

fat losses, which was highlighted by Bergsma et al (2009) as a distinguishable feature of 

efficient sows.   

Results from this study suggest that the birth weight of piglets was a greater driver in loss of 

sow weight and body condition than sow feed allowance, with week 1 of lactation being 

highlighted of significant importance.  However, as expected, feed allowance was the major 

determinant of feed intake and derived milk yield. 

4.5.2 Impact of birth weight on animal weight, suckling behaviour, feed intake and feeding 

efficiency 

In this study, the rectal temperature of Low BW animals was 0.8oC lower than Av BW 

counterparts which indicates an increased susceptibility to potentially lethal conditions such 

as post-natal hypothermia, starvation and crushing (Muns et al, 2016; Vande Pol et al, 2019).  

This finding is in agreement with previous work showing compromised pigs to be 

particularly at risk of low body temperatures in the immediate post-partum period, 

contributing to their increased mortality rate (Malmkvist et al, 2006).  Conflicting findings 

relating to birth weight and birth order are reported in literature, with initial studies indicating 

that piglets born later in the litter tended to be lighter (Hartsock and Graves, 1976).  However 
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more recent work is in agreement with this study in which birth order and birth weight were 

positively correlated (Beaulieu et al, 2010).   

Litters of Av BW litters were significantly heavier each week throughout lactation resulting 

in greater litter gain and weaning weight.  These findings could suggest an innate inferiority 

in compromised pigs which hinders their growth performance.  However, further analysis 

showed Low BW animals to express a relative growth rate 1.6 times greater than those of Av 

BW during lactation.  This demonstrates how compromised pigs may not necessarily be 

biologically inferior and that their lower weaning weights are purely a consequence of a low 

birth weight.  Results here are in agreement with literature which shows a clear association 

between Low BW and a subsequent inferior growth rate (Douglas et al, 2014a).  A variety of 

pre- and post-natal factors have been attributed to this.  Firstly, compromised pigs have been 

shown to possess fewer muscle fibres than their Av BW counterparts at birth (Rehfeldt and 

Kuhn, 2006), with animals relying on the increasing size of existing muscle fibres at birth for 

future growth.  Secondly, multiple experiments have demonstrated a positive relationship 

between an increased birth weight and adoption of the more productive anterior teats, 

facilitating acquisition of vital energy and maternal antibodies (Cabrera et al, 2012).  The 

effects of reduced colostrum and milk intake in disadvantaged pigs, combined with lower 

growth capacity due to an inferior muscle fibre network, results in lighter weights at weaning.  

Despite this, Low BW pigs recorded a greater relative growth than those in the Av BW 

groups.  Hence, in spite of their already compromised nature, Low BW animals appear to 

‘work harder’ in relation to their heavier counterparts to achieve an acceptable weaning 

weight.   

Pigs of Av BW were significantly heavier than those of Low BW at week 5, 7 and 10.  This is 

in agreement with literature showing differences in weight at weaning only increase further in 

the growing and finishing periods (Fix et al, 2010).  These findings are partially reflected in 
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the results from this study with the 0.9kg difference in individual animal bodyweight of Low 

and Av BW pigs at weaning increasing to 1.2kg by week 5 and 2.2kg by week 7, showing a 

linear divergence during this period.   

Suckling behaviour of piglets is key to understand and maximise pre-weaning growth and 

development.  During this trial, Av BW litters suckled for 31 minutes longer per day 

compared to Low BW litters at week 1 of lactation.  This reduced total suckling duration of 

Low BW litters at week 1 could be linked to post-natal hypothermia, which describes the 

significant reduction in piglet body temperature post-parturition (Tuchsherer et al, 2000).  

The high surface area:body weight ratio and limited body fat reserves in Low BW pigs 

restricts their thermoregulatory capacity, impairing vitality at birth and limiting their ability 

to stimulate effective milk ejection (Muns et al, 2016; Yuan et al, 2015).  This can contribute 

to delayed colostrum uptake as well as the reduced growth performance and increased pre-

weaning mortality.  Post-natal hypothermia can also contribute to disease, starvation and 

crushing (Caldara et al, 2014).  The above is in agreement with the significantly greater pre-

weaning mortality recorded in Low BW litters compared to Av BW litters in this study, as 

well as the majority of these deaths occurring in the first two days post-farrowing.  With 

regard to later in lactation, it was interesting that the suckling frequency, total suckling 

duration and average bout duration were similar between Low BW and Av BW piglets.  It is 

noted that by week 2 and 3 of lactation only the strongest of the Low BW pigs had survived 

and these animals were able to adequately stimulate the udder and suckle in a manner similar 

to their Av BW counterparts.   

This trial showed the feed intake of Av BW pens of pigs was greater than that of Low BW 

pens in seven of the nine immediate post-weaning pig weighings, which mirrors findings in 

literature (Cabrera et al, 2010).  Whilst piglets of all birth weights can struggle to adapt to 

solid feeding, impairment of gastro-intestinal development and digestive capacity has been 
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shown to be more pronounced in low weight pigs (Pluske et al, 2003).  It is possible this 

contributed to the reduced post-weaning feed intake of Low BW animals in the current study.  

When calculated relative to weaning weight, Av BW pigs only recorded a significantly 

greater relative feed intake on two of the nine immediate post-weaning pig weighings.  This 

illustrates how Low BW pigs must actually outperform heavier littermates in order to attain 

an ‘average’ level of performance.  Whilst disadvantaged pigs have been found to display an 

inferior FCR than heavier littermates post-weaning (Gondret et al, 2006), this was not 

observed in the current study.   

4.5.3 Impact of lactation feed allowance on animal weight, suckling behaviour, feed intake 

and feeding efficiency 

It is accepted the Low FA regime employed in this study offered a greater daily feed intake to 

sows than that shown to achieve satisfactory litter growth in previous studies (De Bettio et al, 

2016; Sulabo et al, 2010).  However, it must be recognised that previous work has been 

conducted on significantly smaller litter sizes than that employed in the current study, 

increasing the nutrient requirements of the sow.  Furthermore, a key aim of this study was to 

determine whether improving sow intakes beyond levels seen commercially would 

significantly improve litter growth.  By extrapolating the nutrient requirements of lactating 

sows outlined by Whittemore (2003), it is predicted that sows rearing a litter of 14 piglets, 

with similar birth weights to that recorded in the current study, over a 28 day lactation and 

targeting an average weaning weight of 8kg would require a digestible energy intake of 131.5 

MJ/day and a total lysine intake of 90 g/day.  In the current study, Low FA sows recorded a 

digestible energy intake of 90 MJ/day and total lysine intake of 75 g/day.  In contrast High 

FA sows recorded a digestible energy intake and total lysine intake of 112 MJ/day and 93 

g/day respectively.  As such Low FA sows only met 68% of the recommended digestible 

energy intake and 83% of the recommended total lysine intake.  In contrast High FA sows 



119 
 

consumed 85% of the recommended digestible energy requirements and exceeded the 

recommended lysine intake by 3%.  The performance of the litters reared by sows offered 

each regime was therefore as expected per the requirements outlined by Whittemore (2003), 

with High FA piglets recording a 10% greater weaning weight on average compared to Low 

FA pigs.     

During week 1 of lactation, sow feed allowance was similar for both regimes offered.  This, 

in combination with sow body reserves dictating the rate of milk production during early 

lactation (Beyer, 2007), explains the equivalent weight of litters in this trial at week 1 

regardless of sow lactation feed allowance.  However as lactation progressed it would appear 

the reduced feed intake, and hence energy and lysine intake, in sows offered a Low FA was a 

limiting factor for the growth of piglets in these litters.  Whilst mobilisation of sow body fat 

reserves can help meet the nutrient requirements of milk production (Beyer, 2007: Quesnel et 

al, 1995), results indicate this was not sufficient to match the litter growth achieved in litters 

reared by sows with a High FA.  It is likely the demand placed on the sow for milk 

dramatically increased during this period, depleting body reserves and forcing the mother to 

become reliant on feed intake for milk production.  Indeed, sows offered a High FA were able 

to generate a greater derived milk yield during weeks 2, 3 and 4 of lactation, supporting 

increased weights and weight gains on both an individual and litter basis at weaning.   

In the current study, the impact of lactation feed allowance on post-weaning growth trajectory 

became less pronounced as animals grew.  Despite the 0.85kg weight advantage held by High 

FA animals being significant at week 5, this only increased to 0.96kg at week 10 where 

heavier animal weights meant this differential was no longer significant.  This concurs with 

literature showing the pre-weaning benefits of lactation intervention confer no advantage on 

post-weaning growth performance (Douglas et al, 2014a).  Although Wolter et al (2002) 

found animals offered superior lactation nutrition expressed a superior ADG and ADFI post-
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weaning, this was not the case during the current experiment.  It is interesting to note relative 

growth from weaning to 10 weeks of age was significantly greater for animals reared by sows 

offered a Low FA.  This may be explained by a phenomenon known as compensatory growth 

whereby animals exhibit an accelerated growth rate after a period of restriction (Heyer and 

Lebret, 2007).    

The increased milk yield recorded by High FA sows in later lactation could explain the 

suckling behaviour of litters at week 3.  Indeed the longer, yet less frequent, suckling bouts 

recorded for High FA litters compared to Low FA litters during late lactation indicate a 

greater success rate in udder stimulation (Beyer, 2007).  Conversely, the behaviour of Low 

FA litters suggests these animals exhausted sow milk resources, resulting in premature 

termination of the suckling bout.   

Whilst no significant interactions between birth weight and feed allowance were found during 

this study, it was interesting from a commercial standpoint to note Low BW litters reared by 

sows offered a High FA recorded half the mortality of those with an equivalent birth weight 

reared on sows offered a Low FA, resulting in an extra 1.5 piglets weaned per litter.  

Although the average age of Low BW pre-weaning deaths was not affected by sow feed 

allowance, 40% of mortalities for Low BW pigs on sows offered a Low FA occurred after the 

first week of lactation.  In contrast only 23% of mortalities for Low BW animals on sows 

with a High FA occurred after week 1 of lactation.  It could be suggested that the increased 

feed intake and hence milk yield of sows offered a High FA promoted the survival of Low 

BW pigs as lactation progressed, ensuring a greater number reached weaning.  In addition, 

Low BW pigs on a High FA sow numerically matched the weaning weight of heavier 

counterparts reared under commercial conditions.  This could suggest that rearing Low BW 

pigs on sows offered a High FA may help to minimise weight variation at weaning by 

bringing them closer to the performance recorded by heavier birth weight animals.    
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4.6 Conclusion 

This study has shown that the careful management of sow feeding during lactation can 

markedly increase feed intake and facilitate greater milk yields.  This represents an 

opportunity commercially to maximise the weaning weights of all piglets, including low birth 

weight piglets.  Furthermore, improved sow lactation nutrition can significantly reduce pre-

weaning mortality of low birth weight animals.  This in turn will greatly increase the number 

of animals weaned, improving output and profitability at farm level.  
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Chapter 5 

Impact of sow lactation feed intake on the growth 

and feeding behaviour of low and average birth 

weight pigs from 12 weeks of age to slaughter 
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5.1 Abstract 

Whilst studies have shown low birth weight pigs are capable of attaining acceptable weaning 

weights following effective intervention, this superior performance is often not retained post-

weaning.  The main aim of this study was to determine if performance benefits achieved by 

pigs reared on sows offered a high lactation feed allowance were retained during the finishing 

period.  The feeding behaviour of animals was also assessed.  Low birth weight (Low BW; 

<1kg) and average birth weight (Av BW; 1.3kg-1.7kg) piglets were reared in uniformly 

weighted litters of 14 piglets on a foster sow offered either a low feed allowance (Low FA; 

increased by 0.3kg/day after farrowing until intake reached 7.5kg/day) or high feed allowance 

(High FA; increased by 0.5kg/day after farrowing until intake reached 11kg/day) over a 28 

day lactation.  Animal performance and feeding behaviour continued to be monitored during 

the finishing period.  There were no interactions between birth weight and sow lactation feed 

allowance (P>0.05).  Av BW pigs were significantly heavier than Low BW pigs throughout, 

weighing 6.3kg more at slaughter (P<0.05).  Av BW pigs recorded a greater average daily 

gain (ADG) (42 g/day; P<0.05) compared to Low BW pigs.  Average daily feed intake 

(ADFI) during the finishing period was not affected by birth weight (P>0.05), however Av 

BW pigs recorded a 2.2% superior feed conversion ratio (FCR) (P<0.05) during the trial.  A 

regression analysis modelling the relationship between cumulative feed intake and liveweight 

gain (i.e FCR) showed Low BW pigs required 4.4kg more feed on average than Av BW pigs 

to grow from a liveweight of 40kg to 120kg due to their poorer FCR.  However rate of FCR 

deterioration did not differ with birth weight (P>0.05).  Relative growth and relative feed 

intake was greater for Low BW animals between week 12 and 22 (P<0.05 respectively).  Sow 

lactation feed allowance had no effect on animal weight, relative growth, ADG, ADFI or 

FCR during the trial (P>0.05 respectively).  Birth weight had no impact on any parameters of 

feeding behaviour (P>0.05).  Low FA pigs recorded 0.72 more feeder visits per day (P<0.05) 
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between week 17 and 22 but a 27g reduction in feed intake per feed visit (P<0.05) during the 

finishing period, indicating a higher level of competition.  In conclusion, piglet birth weight 

had a substantially greater impact on performance during the finishing period than sow 

lactation feed allowance in early life.  However ADFI, feeding behaviour and rate of FCR 

deterioration was similar for both Low BW and Av BW pigs.        

5.2 Introduction 

A key feature of modern pig production is the significant increase in litter size and annual 

sow productivity (Bruns et al, 2018).  Although prolific genetics and improved management 

practices have improved output, increased incidence of intra-uterine growth retardation 

(IUGR) has meant a large rise in the number of low birth weight piglets (Antonides et al, 

2015).  Indeed Beaulieu et al (2010) quantified a reduction of 33g in litter average birth 

weight for each additional piglet born alive in the litter.  In addition to exhibiting increased 

pre-weaning mortality and inferior weaning weights, these compromised pigs are associated 

with poorer lifetime performance as well as impaired meat and carcass quality (Fix et al, 

2010).  Indeed Beaulieu et al (2010) showed that low birth weight pigs have a 50g/day lower 

average daily gain (ADG) from 7 weeks of age through to slaughter compared to heavier 

counterparts, requiring an additional ten days to reach market weight.  With the increase in 

litter sizes predicted to continue, it is paramount that effective management systems are 

developed to optimise the welfare of low birth weight pigs and to minimise the impact of 

compromised animals on both herd weaning weights and overall herd performance to 

slaughter.      

Multiple studies have shown low birth weight pigs have the potential to achieve improved 

growth rates and acceptable weaning weights when effective intervention strategies are 

employed (CH 4; Douglas et al, 2014a; Wolter et al, 2002).  However, this superior 

performance is often not retained post-weaning.  Increased nutrient availability during the 
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suckling period, through enhanced sow lactation feed intake, has been highlighted as a 

potential approach to increase the growth of compromised piglets during the nursing phase 

(Sulabo et al, 2010).  Indeed CH 4 showed that increasing average sow feed intake by 

1.5kg/day during lactation improved milk yield by 17%, which in turn significantly improved 

the weaning weights of low birth weight pigs by 0.9kg at 4 weeks of age.  However there is 

limited literature to indicate if the elevated performance of compromised pigs reared by sows 

achieving a high lactation feed intake is retained post-weaning through to slaughter.  Several 

studies continue to assess the impact of offering supplementary milk replacers during 

lactation on post-weaning performance (Douglas et al, 2014a; Wolter et al, 2002).  Whilst 

some of these studies have shown milk supplementation to improve weaning weight, they are 

in agreement that this intervention conferred no advantage on post-weaning growth 

performance.  Studies have shown feeding patterns to differ significantly between animals of 

different body weights (Augspurgera et al, 2002; Hewitt et al, 2015), but this has rarely been 

correlated to birth weight or previous management strategies.  It is hypothesised that the 

failure of animals to retain the significant benefits from pre-weaning intervention could be 

linked to feeding behaviour in the growing and finishing period.   

Therefore the objective of this study was to determine if performance benefits achieved by 

piglets reared on sows consuming a high lactation feed intake were retained during the 

finishing period (week 12 to 22).  Feeding behaviour of animals was also assessed to 

establish if feeding patterns could be correlated to birth weight or sow lactation feed intake.  

It was hypothesised that increased lactation feed intake in sows may result in minor 

improvements in average daily feed-intake (ADFI) of compromised piglets, but that overall 

performance during the finishing period would not be significantly affected.  
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5.3 Materials and methods 

This study was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, 

Northern Ireland.  The work was carried out in accordance with the Animals (Scientific 

Procedures) Act 1986 (The Parliament of the United Kingdom, 1986).  All AFBI research 

and equipment was externally checked and /or calibrated and work was ISO 9001 certified.   

5.3.1 Animals: 

Across 8 production batches, a total of 448 crossbred piglets (Duroc x (Large White x 

Landrace)) were selected from 71 sows at birth.  On d 114 of gestation a 2ml injection of 

Planate (cloprostenol, Intervet/Schering-Plough Animal Health, Boxmeer, Netherlands) was 

administered to sows to induce farrowing, ensuring all sows within each replicate farrowed 

within a 24 hour period.  Within the total cohort, 224 piglets had a birth weight under 1kg and 

224 had a birth weight between 1.3 and 1.7kg.  At farrowing, 4 foster sows per time replicate 

were selected (a total of 32 foster mothers between parity 2 and 4).  Litter size was 

established at 14 piglets.  Therefore, two experimental litters of 14 low birth weight piglets 

and two experimental litters of 14 average birth weight piglets were established per time 

replicate and randomly assigned to a foster mother.  Weight, parity and body condition of 

foster sows was balanced across each treatment group.  Each litter was balanced for sex and 

litter of origin.     

5.3.2 Treatments and lactation feeding regime 

The trial represented a 2 x 2 factorial arrangement where two levels of lactation feed 

allowance, namely a high feed allowance (HIGH FA) or a low feed allowance (LOW FA), 

were offered to sows rearing litters of either low birth weight (LOW BW; <1kg) or average 

birth weight (AV BW; 1.3kg-1.7kg) piglets.  All sows were offered 3kg/day of the lactation 

diet from d 108 ± 1 of gestation diet until the day of farrowing.   When the litters were 
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established, sows assigned to the Low FA treatment received increasing amounts of lactation 

feed (0.3 kg/day) up to a maximum of 7.5kg/day.  This Low FA regime was designed 

following consultation with industry, to reflect intake on commercial farms.  Sows assigned 

to a High FA regimen were offered increasing amount of lactation feed (0.5 kg/day) up to a 

maximum of 11 kg/day.  The lactation period had a duration of 28 ± 1 days, after which 

weaning was undertaken.    

5.3.3 Animal management - nursing and growing phase 

Animal management during the lactation and growing periods is described in CH 4.  In 

summary, each sow was allocated an individual farrowing crate (0.5 x 2.2 m), located at the 

centre of the farrowing pen (2.3 x 1.5 m) and fed a commercial lactation diet (14.5 MJ 

DE/kg, 17.4% CP, 1.2% total Lys) twice daily using a wet and dry feeder.   

All piglets were weaned at 28 ± 1 days of age (Week 4).   At weaning, ten piglets were 

selected from each experimental litter on the basis of weight and sex, ensuring that there was 

minimal change to the litter mean and standard deviation of bodyweight measurement.  All 

trial pigs were moved to grower accommodation at weaning and remained there until day 69 

± 1 (Week 10).  In the grower accommodation, pigs remained in their litter group of ten and 

were housed in plastic slatted pens (0.38 m2 per pig).  Animals were offered feed from dry 

multi-space feeders (Etra Feeders Ltd., Dungannon, UK) with an average feeding space of 

6.6cm per pig.  Feed was offered ad-libitum on a pen basis as follows.  A total of 30kg/pen of 

Starter Diet 1 (16.5 MJ/kg DE, 22.5% CP, 1.70% Lys) was offered followed by 60kg/pen of 

Starter Diet 2 (15.8 MJ/kg DE, 22.0% CP, 1.55% Lys).  When this was consumed, a grower 

diet (14.01 MJ/kg DE, 17.4% CP, 0.32% Lys) was then offered ad-lib to 10 weeks of age. 
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5.3.4 Animal management - finishing phase 

Whilst it would have been preferable to monitor all animals from each replicate through to 

slaughter, pen size had to be reduced due to limitations on pen and feeder arrangements in the 

finishing accommodation.  Therefore, within each time replicate, eight animals were selected 

from each litter group of ten pigs at transfer to the finishing accommodation from the grower 

accommodation (day 69 ± 1).  This was carried out on the basis of weight and sex to ensure 

minimal disruption to the mean or standard deviation values for bodyweight within the pen 

and to maintain sex balance.  Experimental animals from the two Low BW groups were then 

merged and placed in a finishing pen as a group of 16 pigs.  This was repeated for the two Av 

BW groups.  Trial animals remained in these pen groups until slaughter at 152 days.  Animals 

had free access to water via nipple drinkers and were fed on an ad-libitum basis using single-

space feeders with electronic feed intake recording equipment (FIRE) (Osborn Industries, 

Osborn, KS).  Each FIRE feeder consisted of a single space feeder in which screw conveyors 

delivered a precise quantity of feed from a storage hopper in the feeder.  The weight of feed 

in the trough was measured before and after each feeder visit, allowing for feed intake to be 

calculated and recorded.  The width of the feeder gate was adjusted, based on the age and size 

of the animals, to ensure only one pig was able to access the feeder at any time.  Animals 

were placed on a two week training and acclimation period from week 10 until week 12, 

during which time they remained on a grower diet.  The finishing trial period commenced at 

week 12, at which time animals were changed to a finisher diet (13.44 MJ/kg DE, 16.74% 

CP, 1.22% Lys) which was offered ab-libitum until slaughter.  Animals were all sent for 

slaughter, regardless of bodyweight, at day 152.   
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5.3.5 Measurements 

From week 12, pig weight and individual feed intake was recorded continuously using the 

FIRE feeders.  These feeders identified each pig using their electronic ear tag when the 

animal’s head was introduced into the feeding bay.  The amount of feed consumed was 

calculated as the difference in weight of feed in the trough at the beginning and end of each 

visit and then assigned to that animal.  The platform scale within the FIRE feeder 

electronically recorded a liveweight value for the individual animal during each visit.  

Feeding stations were calibrated on a weekly basis to ensure accuracy of weight and feed 

intake calculations.  Any ‘outliers’ and erroneous individual meal intakes and animal weights 

were removed using criteria recommended by MacNeil and Kemp (2015).  Following 

removal of errors, intakes during individual feeding bouts for each pig on each day were 

aggregated to calculate average daily feed intake (ADFI).  Average animal weight recorded 

each day over the finishing period was used to calculate an average daily gain (ADG). This in 

turn allowed the feed conversion ratio (FCR) of all animals in each treatment group to be 

calculated on an individual basis.  Data collected by the FIRE feeders also allowed for the 

time spent feeding per day, number of feeder visits per day, feed intake per feed visit, time in 

feeder per feed visit and eating velocity for each trial animal to be calculated.  Animals were 

manually weighed on an individual basis once during week 12, 15, 17 and 22 to confirm 

liveweights.  Relative growth for a given time period was calculated as the difference 

between the final weight and initial weight divided by the initial weight.  Relative feed intake 

was calculated on a daily basis by dividing the feed intake in grams by the liveweight of the 

pig in kilograms.  It would have been desirable to collect back-fat (P2) and kill out 

percentages for pigs in each treatment group at slaughter.  However discrepancies between 

carcass weights reported in abattoir results and those recorded manually for the same animals 

on farm led to this data being unreliable and hence it was not reported.     
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5.3.6 Statistical analysis 

A linear mixed model was employed to analyse pig performance (body weight, body weight 

gain, feed intake, ADG, and FCR) with replicate and foster mother incorporated as a random 

effect.  A factorial arrangement of ‘birth weight’ and ‘feed allowance’ was fitted as fixed 

effects.  As animals had been balanced for sex and parity of foster mother, no covariates were 

applied.  The experimental unit was the individual pig.  Data for cumulative feed intake and 

liveweight gain recorded by electronic feeders on a daily basis was used in a regression 

analysis to model the relationship between cumulative feed intake and liveweight during the 

finishing stage.  A linear regression analysis was carried out to establish the relationship 

between feed conversion ratio and weight.  All statistical analysis was carried out using 

Genstat 16th Edition (Lawes Agricultural Trust, Rothamsted Experimental Station).  

Significance was defined as P<0.05, with tendencies of P<0.1 accepted.      

5.4 Results 

5.4.1 Animal growth and feed intake from 12 weeks of age to slaughter 

No significant interaction between birth weight and sow feed allowance was recorded for any 

parameter measured during the finishing phase (P>0.05).   

Performance data recorded by these animals during lactation and the nursery stage are 

reported in CH 4.  Table 5.1 shows the effect of birth weight and sow lactation feed 

allowance on animal liveweight and relative growth during the finishing period.  Results 

show that Av BW pigs were significantly heavier than Low BW animals throughout the 

finishing period (P<0.05).  However, relative growth was greater for Low BW animals than 

those of Av BW between weeks 12 and 22 (P<0.05).  This was driven by significantly greater 

relative growth for Low BW animals between weeks 12 and 17 (P=0.01), as birth weight had 
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no effect on relative growth between weeks 17 and 22 (P>0.05).  The effect of birth weight 

and sow lactation feed allowance on animal ADG, ADFI and FCR during the finishing period 

is shown in Table 5.2.  The ADG of Low BW and Av BW pigs did not differ between week 

12 and 17 (P>0.05), but was significantly greater for Av BW pigs between week 17 and 22 

(P<0.01) resulting in an overall greater ADG for Av BW pigs during the finishing period 

(P<0.05).  Although Av BW pigs tended to record a higher ADFI than Low BW animals 

from week 17 to 22 (P<0.10), there was no significant difference in ADFI of Low BW and 

Av BW pigs at any stage during the finishing period (P>0.05).  Relative feed intake was 

significantly greater for Low BW animals during the finishing period (P<0.05).  This was 

driven by a greater relative feed intake for Low BW animals between week 12 and 17 

(P=0.002) as birth weight had no effect on relative feed intake between week 17 and 22 

(P>0.05).  When calculated using manually recorded liveweight values, the FCR of Low BW 

and Av BW pigs did not differ significantly during the individual time periods recorded 

during the finishing period (week 12 to 17 or week 17 to 22; P>0.05 respectively).  However 

when analysing the finishing period as a whole (week 12 to 22), the FCR of Av BW pigs was 

significantly superior to that of Low BW animals (P<0.05).  
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Table 5.1. Effect of birth weight and sow lactation feed allowance on animal growth performance during the finishing period 

 

 

 

 

 

 

 

 

 

 

1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg) 

*Previously published in CH 4 
5Relative growth calculated as (end weight – initial weight) / initial weight 

 

 

 

 

  Low BW1 Average BW2   P-value 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM Birth weight 

Feed 

allowance 

Birth weight x 

Feed allowance 

Animal weight, kg         

Week 4* 7.00 7.87 7.94 8.63 0.363 0.003 0.005 0.715 

Week 12 32.7 33.7 36.2 37.6 1.13 <0.001 0.162 0.801 

Week 15 49.0 50.1 51.7 52.9 1.74 0.037 0.352 0.983 

Week 17 62.3 63.6 65.9 67.7 2.06 0.017 0.306 0.856 

Week 22 98.7 100.2 102.9 107.4 2.65 0.003 0.110 0.425 

Relative growth, 

kg/kg 5 
        

Week 12 – 17 0.899 0.886 0.815 0.811 0.0394 0.01 0.754 0.873 

Week 17 – 22 0.595 0.584 0.590 0.597 0.0299 0.855 0.939 0.683 

Week 12 – 22 2.04 1.98 1.88 1.90 0.064 0.021 0.739 0.467 
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Table 5.2. Effect of birth weight and sow lactation feed allowance on average daily gain, average daily feed intake and feed conversion ratio  

  Low BW1 Average BW2   P-value 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM Birth weight 

Feed 

allowance 

Birth weight x 

Feed allowance 

Average daily gain, 

g/day 
        

Week 12-17  842 840 837 868 28.7 0.567 0.484 0.415 

Week 17-22 1096 1126 1160 1205 33.5 0.003 0.116 0.745 

Week 12-22  965 979 994 1034 25.9 0.025 0.139 0.459 

Average daily feed 

intake, g/day 
        

Week 12-17  1750 1759 1729 1784 55.9 0.974 0.407 0.561 

Week 17-22 2611 2624 2653 2766 74.9 0.088 0.232 0.346 

Week 12-22  2166 2184 2174 2256 61.11 0.366 0.241 0.459 

Relative feed intake, 

g/kg 5 
        

Week 12-17  38.2 37.4 35.3 35.0 0.76 0.002 0.268 0.573 

Week 17-22 33.2 32.9 32.3 31.9 0.74 0.224 0.382 0.884 

Week 12-22  35.8 35.0 33.9 33.6 0.62 0.018 0.176 0.492 

Feed conversion ratio         

Week 12-17  2.12 2.11 2.12 2.09 0.057 0.713 0.643 0.776 

Week 17-22 2.40 2.35 2.30 2.34 0.052 0.175 0.912 0.241 

Week 12-22  2.25 2.23 2.20 2.18 0.030 0.017 0.417 0.791 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg) 
5Relative feed intake calculated as daily feed intake (g) / bodyweight (kg)



134 
 

Sow feed allowance during lactation had no effect on animal weight at any stage during the 

finishing period (P>0.05) (Table 5.1).  Furthermore, sow feed allowance did not influence 

relative growth during the finishing period (P>0.05).  There was no significant difference in 

ADG during the finishing period between animals reared by sows offered a Low FA or High 

FA (P>0.05) (Table 5.2).  There was also no significant difference in ADFI of animals reared 

by sows offered a Low FA or High FA at any stage of the finishing period (P>0.05).  Sow 

feed allowance had no effect on animal relative feed intake (P>0.05).  Finally, there was no 

significant difference in the FCR of animals reared by sows offered a Low FA or High FA 

throughout the finishing period (P>0.05).      

The values for animal weight and ADFI recorded for each pig on a daily basis by the 

electronic feed stations were used to model the change in FCR and cumulative feed intake 

with liveweight.  A linear relationship was the best fit for the models correlating FCR with 

pig liveweight (Figure 5.1).  Analysis showed the rate of change of FCR with animal weight 

(i.e. the gradient of the line) did not differ significantly with birth weight (P>0.05) (Figure 

5.1).  The FCR increased by 0.06 and 0.07 for each 10kg increase in liveweight for Low BW 

and Av BW pigs respectively.  However differences in the intercept of each equation 

(P<0.001) meant that the FCR of Av BW pigs was superior at a given weight during the 

finishing period.  Figure 5.1 shows sow lactation feed allowance had no significant effect on 

the rate of change of FCR with weight (P>0.05).  Furthermore, a lack of difference between 

the intercepts of these equations suggests sow lactation feed allowance had no effect on the 

FCR of pigs at any given liveweight (P>0.05).  A curvilinear model was the best fit for the 

correlation between cumulative feed intake and pig weight (i.e. FCR) as shown in Figure 5.2.  

The rate of curvature was so slight it was not possible to identify a clear point of inflection.  

Furthermore, the equations generated show that, during the finishing period, the rate of 

change of cumulative feed intake with increasing liveweight (i.e. the slope of the regression 
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line) did not differ with birth weight (P>0.05). However the differing intercepts of the 

equations meant the absolute value of cumulative feed intake required to achieve a given 

liveweight differed significantly between Low BW and Av BW pigs (P<0.001), with Av BW 

pigs being more feed efficient and requiring an average of 4.4kg less feed per pig during the 

growth period from 40kg to 120kg.  This superior feed efficiency of Av BW pigs is in 

agreement with Table 5.2.  The equations generated also show the rate of change of 

cumulative feed intake with increasing liveweight (i.e. the slope of the regression line) did 

not differ with sow lactation feed allowance (P>0.05).  However the differing intercepts of 

the equations meant the absolute value of cumulative feed intake required to achieve a given 

liveweight was greater for Low FA pigs compared to High FA pigs (P<0.001).           

 

 

 

 

 

 

 

 

 

 

Figure 5.1. Relationship between FCR and liveweight for each treatment group 

Birth weight 

effect: 

Gradient: P>0.05 

Intercept: P<0.001 

Equation: P<0.001 

 

Feed allowance 

effect: 

Gradient: P>0.05 

Intercept: P>0.05 

Equation: P>0.05 

 

BW x FA effect: 

Gradient: P>0.05 

Intercept: P=0.002 

Equation: P<0.001 
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Figure 5.2. Relationship between cumulative feed intake and liveweight for low birth weight and average birth weight pigs 

Birth weight effect: 

Rate of curvature: P>0.05 

Intercept: P<0.001 

Equation: P<0.001 

 

Feed allowance effect: 

Rate of curvature: P>0.05 

Intercept: P<0.001 

Equation: P<0.001 

 

BW x FA effect: 

Rate of curvature: P>0.05 

Intercept: P<0.001 

Equation: P<0.001 

 

y = -1129.4 + (1060.7 x 1.001885x) y = -645.4 + (582.9 x 1.003010x) y = -1117.6 + (1046.7 x 1.001822x) y = -871.1 + (799.6 x 1.002302x) 
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5.4.2 Feeding behaviour during the finishing period 

There were no interactive effects between birth weight and feed allowance for any parameters 

of feeding behaviour (Table 5.3).   

During the whole finishing period there was no significant difference between Low BW and 

Av BW pigs in the total time spent in the feeder per day, number of feeder visits per day, 

average feed intake per feed visit or average time in the feeder per feed visit (P>0.05 

respectively).  Furthermore, eating velocity was not significantly affected by birth weight 

(P>0.05).   

Total time spent in the feeder per day did not differ between animals reared on sows offered a 

Low FA or High FA (P>0.05).  Whilst feed allowance had no overall effect on number of 

feeder visits per day when examining the finishing period in its entirety (P>0.05), animals 

reared on sows offered a Low FA recorded a greater number of feeder visits per day from 

week 17 to 22 (P<0.05).  However, Low FA animals also recorded a lower feed intake per 

feed visit compared to High FA pigs for the 17 to 22 week period and indeed for the whole 

finishing period (P<0.05 respectively).  Feed allowance had no significant effect on the 

average time spent in the feeder per feed visit nor on eating velocity (P>0.05 respectively).  
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Table 5.3. Effect of treatment on feeding behaviour during the finishing period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1Low BW = Low birth weight pigs (<1kg)  
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Low FA = Low feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.3kg capped at 7.5kg) 
4High FA = High feed allowance (3kg of feed on day of farrowing followed by daily increments of 0.5kg capped at 11kg)

  Low BW1 Average BW2   Significance (P-value) 

  
Low 

FA3 

High 

FA4 

Low 

FA3 

High 

FA4 
SEM Birth weight 

Feed 

allowance 

Birth weight x 

Feed allowance 

Time in feeder per day, mins          

Week 12-17  70.8 68.1 69.1 67.1 2.40 0.420 0.172 0.841 

Week 17-22 64.1 61.9 64.4 62.6 2.18 0.765 0.206 0.879 

Week 12-22  67.6 65.1 66.8 64.8 2.11 0.714 0.141 0.878 

No. of feeder visits per day         

Week 12-17  8.9 8.4 10.2 10.5 1.65 0.383 0.840 0.525 

Week 17-22 7.7 7.1 8.5 7.7 0.70 0.352 0.038 0.815 

Week 12-22  8.3 7.7 9.4 9.1 1.10 0.390 0.255 0.788 

Feed intake per feed visit, g         

Week 12-17  256 274 223 246 23.8 0.264 0.067 0.812 

Week 17-22 420 441 380 424 27.9 0.348 0.029 0.431 

Week 12-22  335 354 299 333 24.1 0.296 0.028 0.541 

Time in feeder per visit, mins           

Week 12-17  10.0 10.5 8.9 9.0 0.86 0.241 0.389 0.555 

Week 17-22 10.2 10.3 9.3 9.6 0.68 0.309 0.430 0.776 

Week 12-22  10.1 10.4 9.1 9.3 0.69 0.219 0.339 0.855 

Eating velocity, g/min         

Week 12-17  26.3 26.8 26.7 28.4 1.24 0.259 0.219 0.491 

Week 17-22 42.9 44.1 44.0 46.8 2.12 0.294 0.155 0.554 

Week 12-22  34.3 35.2 35.1 37.4 1.56 0.221 0.156 0.496 
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5.4.3 Biological impact of treatments 

No significant interaction between birth weight and feed allowance was evident for any 

performance or feeding behaviour parameters throughout the trial (P>0.05).  However, 

numerically, the ADG and relative growth of ‘Low BW x High FA’ and ‘Av BW x Low FA’ 

animals was similar throughout the finishing period.  Similarly, ADFI and FCR of ‘Low BW 

x High FA’ and ‘Av BW x Low FA’ was numerically the same.  However the liveweight of 

‘Av BW x Low FA’ animals was numerically higher than that of ‘Low BW x High FA’ pigs 

at each stage of the finishing period, despite these groups of pigs having an equivalent 

weaning weight.  Furthermore, the feeding behaviour of ‘Low BW x High FA’, ‘Av BW x 

Low FA’ and ‘Low BW x Low FA’ animals during the finishing phase was also similar.   

5.5 Discussion 

This study aimed to assess the impact of an enhanced sow lactation feed intake on lifetime 

performance of low and average birth weight pigs.  At 4 weeks of age, Av BW pigs were 

significantly heavier than those of Low BW (8.3kg vs 7.4kg).  Furthermore, piglets reared by 

sows offered a High FA were significantly heavier than those on sows offered a Low FA at 

four weeks of age (8.2kg vs 7.5kg) (CH 4).  The aim of this paper was to focus on the 

performance and feeding behaviour of these animals during the finishing period from 12 

weeks of age through to slaughter.   

5.5.1 Impact of birth weight on animal growth and feeding behaviour 

The absence of any significant interaction between birth weight and sow feed allowance for 

animal performance indicates that both Low BW and Av BW pigs responded to a Low FA 

and High FA in a similar manner during the finishing period.  Indeed neither of the birth 

weight categories, when reared on High FA sows, were able to build upon their improved 
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weight at weaning during the latter stages of production.  The heavier liveweight and greater 

overall ADG of Av BW pigs throughout the trial is in agreement with literature which has 

shown that Low BW pigs take longer to reach market weight (Beaulieu et al, 2010).  Indeed, 

in the current study the weight difference between Low BW and Av BW pigs increased from 

3.72kg at week 12 to 6.3kg at week 22.  This confirms previous findings showing the weight 

differential of Low BW and Av BW pigs to increase throughout the growing and finishing 

period (Fix et al, 2010).  The divergence in weight at slaughter age between Low BW and Av 

BW pigs seen in this study also was comparable to that of previous work, where differentials 

of 6.1kg have been reported (Beaulieu et al, 2010).   

It is widely accepted that compromised pigs do not compensate for their low birth weight 

during post-natal growth.  The slower growth rate of Low BW pigs is attributable to both pre- 

and post-natal factors associated with their birth weight.  Firstly, Low BW pigs are often 

outcompeted for access to more productive anterior teats during lactation.  This restricts 

uptake of colostrum, maternal antibodies and vital energy (Le Dividich et al, 2005).  

Furthermore this reduced intake results in a reduced weight at weaning which has been 

positively associated with impaired post-weaning gain (Klindt, 2003).  CH 4 showed low 

birth weight pigs to be capable of significantly greater milk uptake from the sow during 

lactation when access was provided, which equated to improved litter gain.  However, the 

major contributing factor associated with poor growth of Low BW pigs in later production is 

their inferior muscle fibre network, which impairs lean growth capacity (Gondret et al, 2005; 

Rehfeldt and Kuhn, 2006).  Indeed, Dwyer et al (1993) showed a 15.6% reduction in the fibre 

number of Low BW pigs and demonstrated how this was a key determinant of growth in pigs 

after 70 days of age.  It is possible that Low BW animals were unable to match the rate of 

muscle accretion and hence weight gain expressed by Av BW animals during the latter stages 

of finishing which resulted in a greater ADG for Av BW animals during this period.   
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However, during the early stages of the finishing period Low BW pigs matched the daily gain 

of their heavier birth weight littermates, expressing a greater relative growth rate during this 

period.  This is in contrast to findings from older studies where no significant difference in 

relative growth rate was recorded between Low BW and Av BW pigs during the post-

weaning period (Poore et al, 2004).  Results from the current study highlight how 

compromised animals have the capacity to temporarily outperform average birth weight 

animals during a given period in order to attain a similar level of performance.  However, the 

challenge in pig production going forward is to create an environment in which compromised 

animals can maintain this average performance throughout production until slaughter.         

Whilst CH 4 showed the feed intake of Av BW animals to be significantly greater than those 

of Low BW during the growing stage, in the present study there was no overall effect of birth 

weight on feed intake during the finishing period.  This is in agreement with literature 

showing that, despite differences in the nursery and growing stage, low and heavy birth 

weight pigs can achieve a similar feed consumption during the finishing stage (Douglas et al, 

2014b; Gondret et al, 2005).  Therefore, the superior weight gain of Av BW pigs when 

compared to those of Low BW in this study, in spite of a similar feed intake and feeding 

behaviour, suggests compromised animals lacked the ability to match the efficiency of 

nutrient utilisation expressed by their heavier counterparts.  This is supported by the superior 

FCR recorded by Av BW animals during the finishing period.  It could be suggested this was 

due to impaired digestive development, which is commonly associated with Low BW 

animals.  Indeed compromised pigs have been shown to exhibit reduced enzyme secretion 

and reduced height of the mucosal layer of the duodenal wall at 150 days of age (Alvarenga 

et al, 2012).  It is also possible that the inferior muscle fibre network associated with 

compromised pigs, as discussed earlier, meant these animals simply could not convert their 

satisfactory level of feed intake to lean growth.  This study has shown that further research is 
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required to understand the underlying mechanisms responsible for the performance findings 

in the present trial.   

These results suggest it may be worthwhile to focus efforts on offering a tailored post-

weaning diet to Low BW pigs to support gut development and improve feed conversion.  If 

this approach enabled compromised pigs to match the FCR of heavier counterparts during the 

growing period, this study shows these animals have the capacity to maintain this throughout 

production which would transform average herd performance.  These results also highlight 

that compromised animals must outperform heavier counterparts to match their growth 

performance.  This study has that shown Low BW pigs are capable of doing this at certain 

stages of production, as shown by their greater relative feed intake from week 12 to 17. 

Whilst feeding behaviour of pigs is determined by a range of factors, previous studies have 

shown a positive relationship between animal bodyweight, feed intake per feed visit and 

feeding velocity, which results in a greater ADFI (Quiniou et al, 2000). Conversely as 

bodyweight increases the number of feeding visits per day, time spent feeding per day and 

time in feeder per visit all decrease (Augspurgera et al, 2002).  In the present study, birth 

weight had no effect on any feeding parameters.  This was unexpected as literature shows a 

higher feeding motivation in heavier pigs.  This is often driven by a greater desire for 

nutrients as required for maintenance and lean growth which in turn is promoted by their 

superior muscle fibre network (Carco et al, 2018).  Whilst Av BW pigs were heavier at each 

stage of the finishing period, it is possible the weight differential compared to Low BW 

animals was not sufficient to produce the expected significant differences in feeding 

behaviour.   

This study has shown that, despite their compromised birth weight, if Low BW animals 

record acceptable weaning weights they can attain a similar feed intake and feeding 
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behaviour as Av BW counterparts in latter growth stages.  Despite this similar feed intake and 

feeding behaviour, a lighter start weight at the beginning of the finishing period combined 

with a poorer FCR meant Low BW pigs still recorded a lighter weight at slaughter than Av 

BW counterparts.   

5.5.2 Impact of lactation feed allowance on animal growth and feeding behaviour 

Lactation feed allowance had minimal impact on animal growth and feeding behaviour 

during the finishing period. Indeed, parameters such as animal bodyweight, ADG and relative 

growth were all unaffected by sow lactation feed allowance.  A review of literature did not 

provide information on the influence of sow lactation feed allowance on growth performance 

and feeding behaviour of pigs during the finishing period.  However, several studies assessed 

the impact of pre-weaning nutritional intervention strategies, such as creep feeding or milk 

replacers on animal performance through to slaughter.  These studies largely agree with the 

findings from the present experiment where parameters such as birth weight and post-

weaning management are greater drivers of finishing performance than pre-weaning 

nutritional interventions (Wolter et al, 2002; Douglas et al, 2014ab; Muns and Magowan, 

2018).  In the present experiment, sow feed allowance also had no impact on total or relative 

feed intake during any stage of the finishing period.  Whilst some studies have found 

increasing nutrient intake during lactation to improve ADG and ADFI during the immediate 

post-weaning period (Wolter et al, 2002; Kuller et al, 2007), there is a general consensus 

within the literature that these initial benefits are not retained to slaughter and hence they do 

not impact performance during the finishing period (Douglas et al, 2014a; Muns and 

Magowan, 2018).  It was initially thought that sow feed allowance may affect FCR, as 

previous work had shown improving lactation nutrition to positively alter gut morphology in 

the immediate post-weaning period by increasing the villi height – to – crypt depth ratio 

(Muns and Magowan, 2018).  Whilst small benefits were seen when modelling cumulative 
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feed intake, these were minimal and it was concluded that there was no overall significant 

benefit of sow feed allowance on FCR during the finishing period.   

Sow lactation feed allowance had no effect on many parameters of feeding behaviour during 

the finishing period.  Nonetheless, Low FA animals recorded a greater number of feed visits 

per day during the latter stages of the finishing period and a reduced feed intake per feed visit 

across the entire finishing period.  This feeding pattern, comprising an increased number of 

feeder visits with reduced feed intake per visit, suggests an increased level of feeding 

competition within these pen groups (Young and Lawrence, 1994).  However, as there was 

no significant difference in the average weight of these animals, it is unclear where 

competition is manifested.  Furthermore, Andretta et al (2016) showed a higher feed intake 

per meal to be correlated to poorer feed efficiency.  However, that was not the case in the 

current study as, despite the reduced feed intake per feed visit for Low FA animals, sow feed 

allowance had no impact on FCR.   

5.5.3 Deterioration of feed conversion ratio  

It was interesting to note that the model and equations developed in this study illustrate a 

linear relationship between feed conversion ratio and liveweight, irrespective of birth weight 

or previous feeding regime.  This differs from literature where FCR deterioration is shown to 

accelerate as pigs approach slaughter (Patience et al, 2015).  However enhanced genetics and 

improved nutritional understanding now allows pigs to reach slaughter weight at a younger 

age (Cabling et al, 2015), meaning the animals employed in this study may not have reached 

the level of maturity required to observe a steep deterioration in FCR prior to slaughter.  It is 

possible this improvement in rate of feed efficiency deterioration is due to recent 

advancements in genetic selection towards improved efficiency, driven by economic 

pressures and environmental sustainability concerns in pig production (Reyer et al, 2017).  
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Indeed candidate genes, often relating to lipid metabolism and immunity biological pathways, 

continue to be identified for further improvements in efficiency (Horodyska et al, 2017).  It is 

noted that if all animals had been retained on trial until achieving a common slaughter weight 

of 120kg, more significant deterioration of FCR may have been observed.   

It was as expected that sow feed allowance had no effect on FCR deterioration but it was 

interesting that the rate of FCR deterioration with liveweight was the same for both Low BW 

and Av BW pigs during the finishing period.  This has not previously been compared using 

data collected on a daily basis.  Results suggest that whilst Low BW pigs did not convert feed 

as efficiently, their rate of FCR deterioration was no worse than that of Av BW pigs.  

5.5.4 Biological impact of treatments  

The lack of a significant interaction between birth weight and feed allowance for any 

parameters of performance throughout the present trial would suggest that both Low BW and 

Av BW pigs responded in a similar manner to changes in sow lactation feed allowance.  It 

was interesting from a commercial standpoint that, despite a numerically equivalent weaning 

weight (CH 4), Low BW animals reared on High FA sows were 2.56kg lighter than Av BW 

pigs on Low FA sows at 12 weeks of age.  It was unexpected, and in contrast to literature 

(Fix et al, 2010), that this weight differential did not diverge further during the finishing 

period, with only a 2.7kg difference recorded at slaughter age.  This is likely attributed to the 

numerically greater relative growth of Low BW animals on sows offered a High FA during 

the first half of the finishing period, which was 0.89 kg/kg compared to 0.82 kg/kg in Av BW 

pigs reared on sows offered a Low FA.  However a weight differential of 2.7kg is still 

commercially significant, especially as these treatment groups recorded numerically 

equivalent weaning weights.  The ability of these Low BW pigs to match the weaning weight 

of heavier counterparts, as well as many of their performance parameters during the finishing 
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period, yet still remain almost 3kg lighter at slaughter would suggest that these animals never 

fully recovered from the growth check at weaning, which was reported in CH 4.  

Furthermore, the inferior muscle fibre network commonly associated with Low BW pigs may 

have hindered their ability to match the lean growth and hence weight gain of heavier 

counterparts as discussed earlier (Rehfeldt and Kuhn, 2006). 

5.6 Conclusion 

This study showed piglet birth weight has a substantially greater impact on performance 

during the finishing period than sow lactation nutrition in early life.  However, the higher 

relative growth and relative feed intake recorded for Low BW animals during the finishing 

period would suggest that their reduced growth performance may be a consequence of birth 

weight, rather than an innate inferiority in these animals limiting their growth capacity.  

Despite an equivalent weaning weight, Low BW animals reared on sows offered a High FA 

were numerically lighter than Av BW pigs reared on sows offered a Low FA at slaughter.  

However Low BW animals reared on sows offered a High FA remained numerically heavier 

at slaughter than those with an equivalent birth weight which were reared on sows offered a 

Low FA.  It is clear that whilst early intervention strategies during lactation are key to 

minimising mortality and maximising weaning weight, they may not guarantee optimum 

post-weaning performance.  
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6.1 Abstract 

This study aimed to investigate the effectiveness of employing a targeted nutritional regime 

until slaughter to maintain performance in animals recording high weaning weights.  Low 

birth weight (Low BW; <1kg) and average birth weight (Av BW; 1.3kg-1.7kg) pigs were 

reared on sows exhibiting a high lactation feed intake and, as a result, weaning weights were 

7.9kg and 8.9kg respectively.  Pens containing either Low BW or Av BW animals were then 

offered either a ‘standard’ (STAND) or ‘feed-to-weight’ (FTW) regime from weaning until 

slaughter.  The STAND regime was reflective of commercial production, where diet 

transitions were implemented after pre-determined feed levels or time intervals had been 

reached.  In contrast, diet transitions in the FTW regime were carried out when target pen 

average weights of 12kg, 18kg, 22kg, 45kg and 75kg respectively were met.  Animal growth, 

feeding performance and body composition were monitored from weaning until slaughter.  

As expected, Av BW pigs were heavier than Low BW animals throughout (P<0.001), 

recording a superior average daily gain (ADG) (P<0.01) and average daily feed intake 

(ADFI) (P<0.001) at each stage of growth.  This resulted in Av BW animals recording a 

greater carcass weight (P<0.001) and kill-out percentage (P<0.01).  DEXA scan analysis 

showed Low BW animals to exhibit a greater percentage fat (P<0.001) and lower percentage 

lean (P<0.01) content at weeks 4 and 10 of age, however birth weight had no effect on these 

parameters at week 21 (P>0.05).  Feeding regime did not affect age or weight at diet 

transition for Av BW animals for most transitions (P>0.05).  However Low BW animals 

offered the FTW regime were significantly older and heavier than those offered the STAND 

regime at each transition (P<0.05).  The FTW regime increased animal ADG and ADFI 

compared to STAND pigs from weeks 4 to 10 of age (P<0.05), whilst providing a greater 

average daily intake of energy and lysine from week 4 to 10 (P<0.05) and week 10 to 17 

(P<0.05).  This facilitated a greater liveweight in FTW animals from 7 weeks of age through 
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to slaughter (P<0.05).  Feeding regime had no effect on kill-out percentage or back-fat depth 

(P>0.05).  Furthermore, DEXA scan results showed total or percentage lean and fat did not 

differ for FTW or STAND pigs at 10 or 21 weeks of age (P>0.05).  In conclusion, feeding 

Low BW animals on a ‘feed to weight’ basis improved nutrient intake and animal liveweight, 

likely due to a greater time allowance for digestive development between diet transitions.  As 

such, this approach should be considered for commercial adoption.  

6.2 Introduction 

Increasing litter size within modern pig production has led to an increase in the prevalence of 

low birth weight piglets, mainly due to intra-uterine growth retardation (Antonides et al, 

2015).  These compromised piglets have a negative impact on herd performance through 

increased mortality, as well as impaired growth performance and carcass quality (Beaulieu et 

al, 2010; Gondret et al., 2006).   

Studies have demonstrated that low birth weight pigs have the capacity to express improved 

growth rates and achieve acceptable weaning weights when effective pre-weaning 

intervention strategies are employed (Douglas et al, 2014a; CH 4).  However, in many cases 

this superior performance is not retained post-weaning when interventions are removed 

(Wolter et al, 2002; Lawlor et al, 2002; Douglas et al, 2014a).  The inferior post-weaning 

performance of low birth weight pigs indicates that they are less suited to commercial nursery 

and finishing production regimes than their heavier counterparts and, as a result, revert back 

to their innate compromised state.   

The impaired growth of low birth weight pigs has been linked to impaired digestive 

development.  For example, the immature gut of compromised pigs exhibits a decreased 

height of duodenal mucosae and reduced enzyme secretion (Michelis et al, 2013; Alvarenga 

et al, 2013).  The physiological consequence of this underdeveloped digestive system is a 
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reduced digestive capacity which can hinder adaptation to post-weaning diets by limiting pig 

feed intake and nutrient utilisation (Morise et al, 2007).  As low birth weight pigs follow a 

different trajectory for growth and development compared to average birth weight littermates, 

they may need to be fed differently in order to facilitate maximum growth.  As pigs progress 

through the nursery, growing and finishing stages of production, they transition onto new 

diets at each stage, with the complexity and digestibility of each diet becoming sequentially 

reduced as animals get older.  Commercially, diet change occurs on the basis of time or 

quantity rather than animal weight and physiology and as such diet changes are tailored for 

the ‘average pig’.  Hence low birth weight animals are often not sufficiently physiologically 

developed at the time of each diet transition to fully utilise the nutrients provided in the feed.   

Studies have shown that offering growing pigs higher specification diets for a longer period 

will improve performance (Apple et al , 2004; Magowan et al 2011b), with growth benefits 

and economic returns most pronounced in low birth weight animals (Collins et al, 2017).  

Indeed Douglas et al (2014b) found a significant improvement in average daily gain from day 

28 to day 70 when a greater allocation of higher specification starter diet was offered to low 

wean weight pigs (average weaning weight of 7.1 kg at day 28).  However the majority of 

documented studies only allocate a higher specification diet during one stage of post-weaning 

production and do not continue to monitor performance to quantify subsequent growth as 

animals progress to slaughter.  It is also important to determine the carcass composition of 

any improved weight gain, since compromised animals are often associated with inferior 

carcass composition which represents less economic value (Rehfeldt et al, 2008; Gondret et 

al, 2005).   

The objective of this study was to determine if the performance of low and average birth 

weight animals is improved when diet transition is carried out on a weight basis between 

weaning and slaughter compared to animals following the standard production practice of 
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changing diets at pre-determined intervals.  Furthermore, the effect of birth weight and 

feeding regime on body composition at various stages throughout the growing and finishing 

periods was determined.  It was hypothesised that low birth weight animals fed on a weight 

basis will have an improved growth rate and carcass composition in comparison to control 

groups.  

6.3 Materials and methods 

This study was conducted at the Agri-Food and Biosciences Institute (AFBI), Hillsborough, 

Northern Ireland.  The work was carried out under Project Licence Number PPL2851 in 

accordance with the Animals (Scientific Procedures) Act 1986 (The Parliament of the United 

Kingdom, 1986).   

6.3.1 Establishment of piglets pre-trial  

At d 108 ± 1 of gestation, sows were transferred to farrowing accommodation where 

temperature was maintained at 19oC during farrowing, after which it was lowered to 17.5oC.  

Each sow was allocated an individual farrowing crate (0.5 x 2.2 m), located in the centre of 

the farrowing pen (2.3 x 1.5 m).  Farrowing pens were equipped with individual heat lamps at 

the rear of the sow during farrowing as well as an enclosed heated creep area at the front (1.5 

x 0.6m).  The temperature of the creep area was initially maintained at 30oC until day 7, after 

which it was reduced incrementally to 23oC over 14 days.  A 2ml injection of ‘Planate’ 

(cloprostenol, Intervet/Schering-Plough Animal Health, Boxmeer, Netherlands) was 

administered to sows at day 114 of gestation to induce farrowing.  Piglets had their teeth 

removed, tails docked and were given a 2ml iron injection (Uniferon®; Virbac Ltd., Suffolk, 

UK) within 12 hours of birth.  Each animal was also assigned a unique electronic ear tag to 

enable identification and allow health and performance to be monitored on an individual 

basis throughout production. 
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A total of 616 crossbred piglets (Duroc x (Large White x Landrace)) were selected from 83 

sows at birth over 11 time replicates.  Within this cohort, 308 low birth weight (Low BW; 

<1kg) piglets and 308 average birth weight (Av BW; 1.3kg-1.7kg) piglets were selected.  At 

farrowing, 4 sows per time replicate were selected as foster mothers.  A minimum period of 

24 hours was allowed for animals to consume sufficient colostrum from their birth mother 

prior to fostering.  Cross fostering was completed within 36 hours of farrowing to establish 

two experimental litters comprising 14 Low BW piglets and two experimental litters 

comprising 14 Av BW piglets per time replicate, with each litter assigned to a foster mother.  

As such all piglets were reared on a total of 44 foster sows, which ranged from parity 2 to 4.  

Weight, parity and body condition of foster sows was balanced across Low BW and Av BW 

litters.  Fostered litters were designed such that no litter contained any more than three 

siblings and no piglets were reared by their birth mother.  Litters were also balanced for sex.  

Only viable animals which had demonstrated effective suckling of their birth mother were 

considered for selection.   

During lactation, foster sows were offered a commercial lactation diet (DE=14.5MJ/kg, 

CP=17.4%, Lys=1.2%) twice daily using a wet and dry feeder.  Each sow was offered 3kg of 

the lactation diet on the day of farrowing, after which their allocation was increased by 

0.5kg/day until a maximum of 11kg of feed per day was offered.  No creep feed was offered 

to piglets during lactation.  Each litter was vaccinated for Mycoplasma hypopneumoniae and 

Porcine circovirus 2 (Ingelvac MycoFLEX® and Ingelvac CircoFLEX® respectively, 

Boehringer Ingelheim Ld., Bracknell, UK) on the day prior to weaning.  All piglets were 

weaned at 28 ± 1 days of age.   

At weaning, 20 piglets (10 boars and 10 gilts) were selected from the two Low BW litters, 

with reduction of numbers still satisfying previous calculations for sample size requirements.  

The range of body weight values removed was such that there was a minimal difference 
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between the mean and standard deviation of bodyweight of this group and the two original 

litters.  These pigs were then assigned to two pens of 10 animals, ensuring that mean weight, 

standard deviation of bodyweight and sex remained balanced.  Surplus animals were removed 

from trial.  This was repeated for the two Av BW litters.  Hence a total of 440 animals were 

placed on trial at day 28 ± 1 and animals remained in the same pen groups until slaughter.   

6.3.2 Treatments and dietary regimes 

The trial represented a 2 x 2 factorial arrangement where pen groups of either Low BW or Av 

BW pigs were offered either a ‘standard’ (STAND) regime or a ‘feed-to-weight’ (FTW) 

regime in the post-weaning period to slaughter.  All post-weaning diets employed are 

displayed in Table 6.1.  Under the STAND dietary regime, pens of pigs were offered (ad lib) 

30kg of Starter Diet 1 followed by 60kg of Starter Diet 2 and then 70kg of a Link ration.  

When this allocation of Link ration had been consumed, pigs were changed onto a Grower 

ration which was fed ad-lib until day 85 ± 1.  The STAND regime pens were then offered 

Finish Diet 1 until day 120 ± 1 at which point they were offered Finish Diet 2 until slaughter 

at day 160± 1.   

The principle used in the post-weaning FTW regime was to feed animals (ad lib) according to 

average pen bodyweight.  Diet changes were from Starter Diet 1 to Starter Diet 2, to Link, to 

Grower, to Finish Diet 1 and then Finish Diet 2.  In FTW pens these dietary transitions were 

undertaken when pen average weight reached 12kg, 18kg, 22kg, 45kg and 75kg respectively.  

Animals remained on the Finish 2 diet until slaughter at day 160± 1. 
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Table 6.1. Formulation of post-weaning diets 

 Starter 

1 

Starter 

 2 

Link Grower  Finish 

1 

Finish 

2 

DE (MJ/kg) 16.5 15.8 15.5 15.0 14.2 13.8 

CP (%) 22.5 22.0 20.5 17.5 16.0 15.0 

Total Lysine (%)  1.70 1.60 1.50 1.20 1.15 1.05 

Oils and Fats (%) 8.50 8.30 7.00 5.50 3.50 3.25 

Crude Fibre (%) 2.5 3.5 2.5 3.0 3.5 4.0 

Composition   

Cooked Oats       

Cooked Extruded Soya       

Cooked Wheat       

Cooked Barley       

Maize       

Hi-Q DDGS       

Fine Limestone       

Rapeseed       

Whey Powder       

Full Fat Soya       

Hipro soya       

Skim Milk Powder       

Milk Albumin       

Fishmeal       

Dextrose       

Coconut oil       

Calcium Carbonate       

Lactose       

Calcium Formate       

Palm Oil        

Soya Oil        

DCP        

Lysine        

Threonine        

Salt        

Methionine        

E567 Clinoptolite        

Valine        

Tryptophan       

(Pro) Phorce        

Min/Vit Mix        

  The starter diets were commercially manufactured by Devenish 

Nutrition Ltd (Belfast, N. I), and the link, grower and finisher feed by 

Thompsons (Belfast, N.I.). The exact formulation of diets cannot be 

disclosed due to commercial confidence, but a tick represents the 

presence of the material in the diet. 
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6.3.3 Housing 

All trial pigs were moved to nursery accommodation at 28 ± 1 days of age and remained 

there until day 69 ± 1.  In this nursery accommodation, pigs were housed in groups of ten on 

plastic slatted pens (0.38 m2 per pig).  Temperature was initially maintained at 28 ºC but was 

reduced to 18 ºC in daily increments of 0.5 ºC.  Pigs were offered feed via a small circular 

hopper (Rotecna, Spain), with one hopper per 10 pigs.  This was available for the first week 

post weaning to encourage feed intake. Thereafter in the nursery accommodation, pigs were 

offered feed in a ‘dry multi-space feeder’ (Etra Feeders, Northern Ireland) with a feeder 

trough space allowance of 6.6 cm per pig.  At day 69 ± 1 pigs were transferred in their pen 

groups to finishing accommodation where they were housed on fully slatted concrete floors 

(0.61m2/pig).  Animals had access to feed and water via a ‘wet and dry’ single space feeder 

(Estra Feeders, Northern Ireland) with one feeder per pen of 10 pigs.  An additional water 

nipple was available outside the feeder. 

6.3.4 Animal management 

Following weaning, one pen of Low BW animals and one pen of Av BW animals were 

assigned to the FTW feeding regime throughout the nursery and finishing stage.  The 

remaining pen of Low BW and Av BW animals were offered the STAND feeding regime for 

the duration of the trial to act as a control.  On day 160± 1 animals were assigned a unique 

slap number and sent to the abattoir for slaughter.       

6.3.5 Measurements 

In nursery accommodation all pigs were individually weighed at 5, 7 and 10 weeks of age.  

Total pen feed intake was recorded from 4 to 5, 5 to 7 and 7 to 10 weeks of age.  In finishing 

accommodation, all animals were individually weighed at 12, 15 and 17 weeks of age.  
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Animals were also weighed at day 160± 1, prior to slaughter.  Total pen feed intake was 

recorded from 10 to 12, 12 to 15, 15 to 17 and 17 to 23 weeks of age.  All animals in both 

STAND and FTW pens were weighed individually at each dietary change and total pen feed 

intake was also recorded at each dietary change.  All fallen animals had a death date and 

death weight recorded.  Animals were fasted from the evening of the day prior to slaughter.  

On the morning of slaughter, a backfat measurement was recorded at the P2 position (65 mm 

from the midline at the level of the last rib) for each animal using an ultrasonic scanner (Pig 

Scan-A-Mode backfat scanner, SFK Technology, Denmark).  The carcass weight of each 

animal was also recorded in the abattoir, which was used in combination with the liveweight 

value to calculate individual kill out percentage.     

6.3.6 Body composition 

A sub-sample of 80 pigs over two time replicates were used to monitor the progression of 

animal body composition as animals grew from 4, to 10 to 21 weeks of age and to establish 

how this differed with birth weight and / or feeding regime. As such, 20 pigs per treatment 

group were assessed.  All pigs underwent the same management as that described above 

except that at 4, 10 and 21 weeks of age the pigs were sedated and scanned using a Dual-

energy X-Ray absorptiometry (DEXA) scanner.  At the time of scanning, the individual 

animal was transferred to an empty ‘sedation pen’.  Two separate intramuscular injections, 

one containing 0.5ml/10kg Stresnil (Elanco Ltd, Basingstoke, UK) and a second containing 

2ml/10kg Ketamidor (Chanelle Pharma Ltd, Galway, Ireland), were administered to the neck 

of the animal.  When the required level of sedation had been achieved, each animal was 

transported to the DEXA scanner and underwent a whole-body composition scan.  Following 

the scan, each animal was transported to a ‘recovery pen’, equipped with rubber matting, for 

a minimum of 4 hours.  After complete recovery, the animal was reintroduced into its original 
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pen and group of animals, where it continued to be monitored for a further 4 hours to ensure 

no adverse effects.    

Body composition was assessed by DEXA using a Stratos DR device equipped with the 

Stratos DR (v4.0.7.0 11-16-2016) software package, both from the same company (Mi 

Healthcare, Knowsley, United Kingdom).  Images were analysed in accordance with 

methodologies from Kipper et al (2018).  For each scanned subject, the DEXA device 

reported the total bone mineral density (BMD) and bone mineral composition (BMC).  The 

total mass and percentage of bone, tissue, lean and fat was also calculated.  

6.3.7 Statistical analysis 

A linear mixed model was employed to analyse pig performance at an individual and pen 

level where applicable.  Birth weight and feeding regime were fitted as fixed effects, with the 

first order interaction forming four treatment groups.  Replicate and foster mother were 

incorporated as a random effect.  For parameters of body weight, relative growth, carcass 

characteristics, ADG, ADFI, FCR, as well as weight and age at diet transition, the 

experimental unit was the pen of pigs.  For body composition analysis, the experimental unit 

was the individual pig.  Relative growth for a given time period was calculated as the 

difference between the final weight and initial weight divided by the initial weight.  Average 

daily intake of energy and lysine was calculated using ADFI and formulated values for each 

diet.  Conversion efficiency of energy and lysine was calculated as intake of energy or lysine 

divided by weight gain during the period of interest.  Recommended daily intake of energy 

and lysine was calculated using equations from Whittemore et al (2003).  Significance was 

defined as P<0.05, with tendencies defined as P<0.1.  All statistical analysis was carried out 

using Genstat 16th Edition (Lawes Agricultural Trust, Rothamsted Experimental Station).            
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6.4 Results 

6.4.1 Animal growth performance 

No significant interactions between birth weight and feeding regime were recorded for 

parameters of animal weight, carcass characteristics or morbidity / mortality (Table 6.2) 

(P>0.05), or for animal growth and feeding performance (Table 6.3).  The average weight of 

Low BW pigs was significantly less than that of Av BW pigs at each stage of production 

(P<0.001) (Table 6.2).  Animals of Low BW recorded a lower carcass weight (P<0.001) and 

kill out percentage (P<0.01) compared to Av BW pigs, but their back-fat depth was similar 

(P>0.05).  Low BW pigs exhibited significantly poorer ADG compared to those of Av BW at 

all stages throughout the trial (P<0.01 respectively) (Table 6.3).  Although birth weight had 

no overall effect on animal relative growth between 4 and 10 weeks of age (P>0.05), animals 

in Low BW pens recorded a greater relative growth between week 10 and 17 (P<0.001).  

Whilst birth weight had no significant effect on the relative growth of animals between 17 

and 23 weeks of age (P>0.05), the cumulative effect was that Low BW pigs expressed a 

superior overall relative growth compared to Av BW pigs during week 10 to 23 (3.45kg/kg vs 

3.22kg/kg; SEM=0.067; P<0.001).  The ADFI recorded by pigs in Low BW pens was 

significantly lower than that of pigs in Av BW pens at each stage of production (P<0.001 

respectively) (Table 6.3).  The FCR expressed by Low BW did not differ to that of Av BW 

pigs between 4 and 10 weeks of age (P>0.05).  Pens containing Low BW animals recorded a 

significantly superior FCR between 10 and 17 weeks of age (P<0.05).  However FCR did not 

differ between Low BW and Av BW pigs between 17 and 23 weeks of age (P>0.05) or for 

the cumulative period from week 10 to 23 (2.31 vs 2.32; SEM=0.022; P>0.05).   
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Table 6.2. Effect of birth weight and feeding regime on animal weight and carcass characteristics  

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM 

Birth 

weight Regime Birth weight x Regime 

Pen average weight (kg)         

Week 4 7.9 7.9 8.9 9.0 0.13 <0.001 0.353 0.661 

Week 5 8.3 8.4 9.6 9.7 0.13 <0.001 0.228 0.877 

Week 7 13.5 13.9 15.6 16.4 0.22 <0.001 0.002 0.304 

Week 10 25.5 26.6 29.1 29.7 0.39 <0.001 0.005 0.365 

Week 12 36.8 38.6 41.1 43.0 0.80 <0.001 0.005 0.635 

Week 15 54.1 57.1 60.4 62.5 0.83 <0.001 <0.001 0.420 

Week 17 69.1 71.7 76.7 76.8 0.86 <0.001 0.029 0.053 

Week 23 113.1 114.9 122.6 124.5 1.20 <0.001 0.033 0.936 

Carcass weight (kg) 90.8 92.0 98.4 100.0 1.01 <0.001 0.041 0.843 

Kill out % 5 80.3 80.1 81.4 82.0 0.69 0.004 0.688 0.445 

Back-fat depth (mm) 10.1 10.4 10.0 10.1 0.22 0.227 0.396 0.534 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as follow - 30kg/pen Starter Diet 1, 60kg/pen Starter 

Diet 2, 70kg/pen Link, Grower until 12 weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, 

Starter Diet 2 – Link @ 18kg, Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg. 
5Kill out % calculated as (Carcass weight / Week 23 weight) x 100  
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Table 6.3. Effect of birth weight and feeding regime on relative growth, average daily gain, average daily feed intake and feed conversion ratio 

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM 

Birth 

weight Regime Birth weight x Regime 

Pig average daily gain (g/day)         

Week 4-10 421 443 476 488 9.7 <0.001 0.017 0.443 

Week 10-17 903 921 952 950 18.9 0.007 0.570 0.437 

Week 17-23 1097 1081 1149 1187 25.9 <0.001 0.569 0.153 

Pig relative growth (kg/kg)         

Week 4-10 2.27 2.37 2.28 2.36 0.057 0.932 0.014 0.773 

Week 10-17 1.74 1.72 1.62 1.58 0.033 <0.001 0.183 0.649 

Week 17-23 0.63 0.60 0.61 0.62 0.021 0.125 0.203 0.557 

Pig average daily feed intake 

(g/day)         

Week 4-10 594 626 674 688 12.7 <0.001 0.015 0.306 

Week 10-17 1778 1824 1870 1928 36.9 <0.001 0.053 0.824 

Week 17-23 2884 2840 2997 3105 64.5 <0.001 0.501 0.106 

Feed conversion ratio         

Week 4-10 1.38 1.38 1.38 1.39 0.015 0.556 0.911 0.844 

Week 10-17 1.97 1.98 1.98 2.05 0.027 0.042 0.024 0.100 

Week 17-23 2.65 2.65 2.69 2.62 0.055 0.919 0.350 0.381 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as follow - 30kg/pen Starter Diet 1, 60kg/pen Starter 

Diet 2, 70kg/pen Link, Grower until 12 weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, 

Starter Diet 2 – Link @ 18kg, Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg. 
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Although feeding regime had no significant effect on pig average weight at 5 weeks of age 

(P>0.05) (Table 6.2), pigs in pens offered the FTW feeding regime recorded a significantly 

greater liveweight than those offered the STAND regime at week 7 (P<0.01), 10 (P<0.01), 12 

(P<0.01), 15 (P<0.001), 17 (P<0.05) and 23 (P<0.05) as well as a greater carcass weight 

(P<0.05).  Animal morbidity / mortality, kill out percentage or back-fat depth did not differ 

significantly between pigs which were offered the FTW or STAND feeding regimes (P>0.05 

respectively).  Pigs offered the FTW feeding regime recorded a significantly greater ADG 

than those offered the STAND regime between 4 and 10 weeks of age (P<0.05) (Table 6.3).  

However, feeding regime had no effect on animal ADG during any of the time periods 

recorded from 10 weeks of age through to slaughter (P>0.05 respectively).  Relative growth 

was superior for pigs offered the FTW regime during 4 to 10 weeks of age (P<0.05).  

However feeding regime had no effect on relative growth between 10 and 17 weeks of age 

(P>0.05) or between 17 and 23 weeks of age (P>0.05).  Animals offered the FTW feeding 

regime exhibited a higher ADFI compared to those on the STAND regime between 4 and 10 

weeks of age (P<0.05).  Despite pens of pigs offered the FTW regime tending to record a 

greater ADFI when compared to STAND animals between 10 and 17 weeks of age (P<0.1), 

ADFI did not differ between FTW and STAND pens between week 17 and 23 (P>0.05).  

Finally, FCR was not affected by feeding regime during 4 to 10 (P>0.05) or 17 to 23 weeks 

of age (P>0.05), but was superior for STAND animals between week 10 and 17 (P<0.05).   

6.4.2 Intake and conversion efficiency of energy and lysine 

There was no significant interaction between birth weight and feeding regime when analysing 

the average daily intake or conversion efficiency of energy or lysine throughout the trial 

period (P>0.05 respectively) (Table 6.4).  The average daily intake of energy and lysine for 

pigs in Av BW pens was significantly greater than that of pigs in Low BW pens at each stage 

of production (P<0.01 respectively).  However energy conversion efficiency was not affected 



162 
 

by birth weight at any stage of the trial (P>0.05 respectively).  Although pigs in Av BW pens 

recorded a superior lysine conversion efficiency between 4 and 10 weeks of age (P<0.01), 

birth weight had no effect on lysine conversion efficiency during any period from week 10 

through to slaughter (P>0.05 respectively).    

Pigs offered the FTW regime recorded a greater average daily energy intake and average 

daily lysine intake between 4 to 10 weeks of age (P<0.05 and P<0.01 respectively) and weeks 

10 to 17 (P<0.05 respectively).  However feeding regime had no effect on the average daily 

intake of energy or lysine from 17 to 23 weeks of age (P>0.05).  The conversion efficiency of 

both energy and lysine was significantly superior for pens of pigs offered the STAND regime 

between 10 and 17 weeks of age (P<0.05 respectively).  However feeding regime had no 

significant effect on the conversion efficiency of energy or lysine during any other time 

period studied in the trial (P>0.05).   
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Table 6.4. Effect of birth weight and feeding regime on pig intake and conversion efficiency of energy and protein 

1Low BW = Low birth weight pigs (<1kg) 

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM 

Birth 

weight Regime Birth weight x Regime 

Pig average daily energy intake (MJ)          

Week 4-10 9.2 9.8 10.4 10.6 0.19 <0.001 0.012 0.207 

Week 10-17 25.6 26.4 26.9 27.8 0.52 0.001 0.023 0.990 

Week 17-23 40.0 39.3 41.3 42.9 0.91 <0.001 0.554 0.084 

Pig recommended daily energy intake 

(MJ)*         

Week 4-10 13.6 13.9 14.8 15.0 - - - - 

Week 10-17 27.8 28.3 29.4 29.5 - - - - 

Week 17-23 37.4 37.7 38.5 38.6 - - - - 

Energy conversion efficiency 5         

Week 4-10 21.9 22.0 21.9 21.8 0.27 0.485 0.841 0.528 

Week 10-17 28.2 28.7 28.2 29.3 0.42 0.337 0.011 0.359 

Week 17-23 36.5 36.4 36.0 36.3 0.95 0.649 0.819 0.788 

Pig average daily lysine intake (g)         

Week 4-10 8.5 9.1 9.5 9.6 0.16 <0.001 0.004 0.051 

Week 10-17 20.6 21.3 21.7 22.3 0.42 0.002 0.038 0.922 

Week 17-23 30.5 30.0 31.4 32.7 0.70 <0.001 0.439 0.108 

Pig recommended average daily 

lysine intake (g)*         

Week 4-10 11.1 11.3 12.1 12.2 - - - - 

Week 10-17 19.9 20.3 20.9 21.0 - - - - 

Week 17-23 24.5 24.6 24.8 24.8 - - - - 

Lysine conversion efficiency 5         

Week 4-10 20.3 20.6 20.0 19.7 0.28 0.005 0.948 0.191 

Week 10-17 22.8 23.1 22.8 23.6 0.33 0.391 0.021 0.424 

Week 17-23 27.8 27.9 27.4 27.7 0.72 0.574 0.691 0.879 
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2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as follow - 30kg/pen Starter Diet 1, 60kg/pen Starter 

Diet 2, 70kg/pen Link, Grower until 12 weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, 

Starter Diet 2 – Link @ 18kg, Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg. 
5Conversion efficiency of energy or lysine for a given period was calculated as the total intake of energy or lysine divided by weight gain 

achieved during the given period  

*Recommended daily energy and lysine requirements calculated using equations from Whittemore et al (2003). 
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6.4.3 Animal dietary transitions 

Significant interactions between birth weight and feeding regime were recorded for average 

weight and average age of pens of pigs at each diet transition in this study (P<0.01 

respectively) (Table 6.5).  The implication of these interactions were such that pen average 

weight at each dietary transition did not differ significantly when the FTW feeding regime 

was offered to either Low BW and Av BW pens of pigs (P>0.05 respectively).  However, 

when the STAND regime was offered, Low BW pens recorded a significantly lower average 

weight than Av BW pigs at each transition (P<0.05 respectively).  Moreover, Low BW pigs 

offered the STAND regime were significantly lighter than Low BW animals offered the FTW 

regime at each transition (P<0.05 respectively).   

In general, age at each diet transition was similar for Av BW pigs regardless of feeding 

regime (P>0.05).  However, for Low BW pigs, age was significantly greater at each diet 

transition for animals offered the FTW regime compared to those offered the STAND regime 

(P<0.01).       
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Table 6.5. Effect of birth weight and feeding regime on animal average weight and age at each diet transition as well as time offered each diet 

 

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM Birth weight Regime Birth weight x Regime 

Pen average weight at diet 

transition (kg) 
        

Starter Diet 1 – Starter Diet 2 10.77a 12.02b 11.96b 12.1b 0.1371 <0.001 <0.001 <0.001 

Starter Diet 2 - Link 15.96a 18.07c 17.02b 18.19c 0.1576 <0.001 <0.001 <0.001 

Link – Grower 20.5a 22.09b 21.78b 21.94b 0.164 <0.001 <0.001 <0.001 

Grower - Finish 1 37.08a 45.46c 40.55b 45.3c 0.602 <0.001 <0.001 <0.001 

Finish 1 - Finish 2 69.46a 75.81b 74.79b 74.96b 1.258 0.017 <0.001 <0.001 

Age at diet transition (days)         

Starter Diet 1 – Starter Diet 2 43.27b 45.73c 42.18a 42.09a 0.532 <0.001 0.004 0.002 

Starter Diet 2 - Link 54.16b 56.43c 52.19a 52.61a 0.4197 <0.001 <0.001 0.004 

Link - Grower 62.42b 63.69c 60.23a 59.42a 0.4751 <0.001 0.483 0.004 

Grower - Finish 1 84.94a 92.12c 85.02a 87.67b 0.7014 <0.001 <0.001 <0.001 

Finish 1 - Finish 2 119.9a 123.7b 119.8a 118.3a 0.9266 <0.001 0.085 <0.001 

Time offered each diet (days)         

Starter Diet 1 13.27b 15.73c 12.18a 12.09a 0.532 <0.001 0.004 0.002 

Starter Diet 2 10.91 10.73 10.00 10.55 0.3803 0.049 0.503 0.184 

Link 8.27 7.24 8.00 6.82 0.3693 0.171 <0.001 0.73 

Grower 22.55a 28.45c 24.82b 28.27c 0.6441 0.027 <0.001 0.01 

Finish 1 34.92 31.56 34.80 30.65 0.636 0.241 <0.001 0.386 

Finish 2 40.15b 36.33a 40.17b 41.69b 0.9266 <0.001 0.085 <0.001 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as follow - 30kg/pen Starter Diet 1, 60kg/pen Starter 

Diet 2, 70kg/pen Link, Grower until 12 weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, 

Starter Diet 2 – Link @ 18kg, Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg.
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6.4.4 Co-efficient of variation of animal weights 

A significant interaction between birth weight and feeding regime was recorded when 

assessing the co-efficient of variation (CoV) for animal weights at 10 and 12 weeks of age 

(P<0.05 respectively) (Table 6.6).  In both instances, when the FTW regime was offered to 

Av BW pigs, the CoV was higher than that when the STAND regime was offered.  The 

reverse was true for the Low BW pigs, such that the CoV was lower for animals offered the 

FTW compared with those offered the STAND regime.  However no interaction existed for 

the CoV at any other stage of production (P>0.05 respectively).  Whilst the CoV for Low BW 

animals was greater at 4 (P<0.01) and 5 weeks of age (P<0.01) compared with Av BW pigs, 

birth weight had no effect on the co-efficient of variation of animal weight during any period 

from week 7 through to slaughter (P>0.05 respectively).  Feeding regime had no significant 

effect on the co-efficient of variation of animal weights at any stage of the trial (P>0.05).  

Table 6.6. Effect of birth weight and feeding regime on co-efficient of variation of animal 

weight 

1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as 

follow - 30kg/pen Starter Diet 1, 60kg/pen Starter Diet 2, 70kg/pen Link, Grower until 12 

weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target 

threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, Starter Diet 2 – Link @ 18kg, 

Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg. 

 

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM 

Birth 

weight Regime 

Birth weight 

x Regime 

Week 4 0.11 0.09 0.008 0.006 - - 

Week 5 0.12 0.11 0.10 0.09 0.009 0.002 0.771 0.792 

Week 7 0.13 0.12 0.10 0.12 0.010 0.197 0.904 0.09 

Week 10 0.13b 0.12ab 0.10a 0.13b 0.012 0.179 0.313 0.024 

Week 12 0.13b 0.11a 0.11ab 0.13b 0.014 0.943 0.633 0.03 

Week 15 0.13 0.11 0.11 0.12 0.013 0.553 0.395 0.14 

Week 17 0.12 0.11 0.10 0.11 0.010 0.290 0.989 0.12 

Week 23 0.10 0.09 0.08 0.09 0.014 0.301 0.921 0.492 
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6.4.5 Animal body composition 

No significant interactions were evident for any of the body composition parameters 

evaluated at 10 or 21 weeks of age (P>0.05 respectively) (Table 6.7).  The bone mineral 

density of Low BW animals was significantly lower than that of Av BW pigs at 4 (P<0.001) 

and 10 weeks of age (P<0.001), however no significant difference was observed at week 21 

(P>0.05).  The bone mineral composition of Low BW pigs was lower than that recorded for 

Av BW pigs at 4 (P<0.001), 10 (P<0.001) and 21 weeks of age (P<0.01).  Pigs in the Low 

BW grouping exhibited a lower level of total fat content compared to Av BW pigs at 4 

(P<0.01) and 10 weeks of age (P<0.05), however no significant difference was apparent at 

week 21 (P>0.05).  The quantity of total lean and total tissue recorded in Low BW pigs was 

significantly lower than that of Av BW animals at 4, 10 and 21 weeks of age (P<0.01 

respectively).  Animals of Low BW exhibited a reduced percentage bone and percentage lean 

compared to heavier animals at 4 (P<0.001 respectively) and 10 weeks of age (P<0.05 and 

P<0.01 respectively), however birth weight had no effect at week 21 (P>0.05).  Conversely, 

Low BW animals recorded a greater percentage fat than Av BW pigs at 4 (P<0.001) and 10 

weeks of age (P<0.001), with no difference being apparent at week 21 (P>0.05).  Feeding 

regime had no significant effect on bone mineral density, bone mineral composition or animal 

total or percentage fat and lean at any stage of the study (P>0.05 respectively).    
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Table 6.7. Effect of birth weight and feeding regime on pig body composition at 4, 10 and 21 weeks of age 

  Low BW1 Av BW2   P-Value 

  STAND3 FTW4 STAND3 FTW4 SEM Birth weight Regime 

Birth weight x 

Regime 

Bone mineral density          

Week 4 0.51 0.58 0.004 <0.001 - - 

Week 10 0.70 0.73 0.75 0.76 0.015 <0.001 0.054 0.323 

Week 21 0.97 0.98 0.98 0.99 0.011 0.161 0.222 0.433 

Bone mineral composition         

Week 4 193 236 6.6 <0.001 - - 

Week 10 624 651 706 733 29.6 <0.001 0.198 0.998 

Week 21 2116 2124 2223 2252 59.8 0.007 0.659 0.811 

Total fat (kg)         

Week 4 2.44 2.70 0.093 0.005 - - 

Week 10 6.68 6.74 7.19 7.18 0.332 0.046 0.903 0.887 

Week 21 26.59 25.74 26.67 26.70 1.401 0.599 0.668 0.655 

Total lean (kg)         

Week 4 4.48 5.33 0.144 <0.001 - - 

Week 10 16.58 17.02 18.36 19.33 0.834 <0.001 0.235 0.657 

Week 21 76.29 75.95 79.99 82.20 2.440 0.005 0.563 0.462 

Total tissue (kg)         

Week 4 6.91 7.97 0.230 <0.001 - - 

Week 10 21.82 23.77 25.89 26.51 1.369 <0.001 0.189 0.496 

Week 21 102.88 101.68 108.25 108.90 3.403 0.009 0.920 0.701 

Bone %         

Week 4 2.72 2.87 0.020 <0.001 - - 

Week 10 2.62 2.68 2.71 2.69 0.031 0.027 0.389 0.069 

Week 21 2.02 2.06 2.01 2.03 0.024 0.293 0.128 0.645 
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Lean %         

Week 4 63.09 64.62 0.354 <0.001 - - 

Week 10 69.40 69.70 70.41 70.93 0.483 0.001 0.244 0.763 

Week 21 72.84 73.21 73.69 73.97 0.819 0.253 0.577 0.938 

Fat %         

Week 4 34.19 32.52 0.355 <0.001 - - 

Week 10 27.98 27.64 26.88 26.37 0.499 <0.001 0.236 0.830 

Week 21 25.11 24.71 24.29 23.99 0.680 0.172 0.552 0.925 
1Low BW = Low birth weight pigs (<1kg) 
2Average BW = Average birth weight pigs (1.3-1.7kg) 
3Standard = Diet transition carried out on basis of pre-determined quantity or time period as follow - 30kg/pen Starter Diet 1, 60kg/pen Starter 

Diet 2, 70kg/pen Link, Grower until 12 weeks of age, Finish 1 until 17 weeks of age, Finish 2 until slaughter. 
4Feed-to-weight = Diet transition carried out when pen average weight meets target threshold as follows: Starter Diet 1 – Starter Diet 2 @12kg, 

Starter Diet 2 – Link @ 18kg, Link – Grower @ 22kg, Grower – Finish 1 @45kg, Finish 1 – Finish 2 @ 75kg. 
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6.5 Discussion 

It is accepted within literature that the growth trajectory of Low BW animals differs to that of 

Av BW counterparts (Fix et al, 2010).  As nutrition is one of the key drivers of growth, it 

plays a crucial role in influencing the growth trajectory of Low BW animals.  However, the 

increased prevalence of Low BW animals within commercial pig production has significantly 

complicated dietary management.  The current study was designed to determine if the growth 

of Low BW and Av BW pigs could be improved when all dietary transitions from weaning to 

slaughter were carried out on a weight basis.  This was compared to the performance of 

animals following a standard regime reflective of commercial production.  It was 

hypothesised that the ‘feed-to-weight’ regime would better match the lysine and energy 

requirements of animals, with any performance benefits arising being more pronounced in 

Low BW pigs.  

6.5.1 Effect of birth weight and feeding regime on dietary transitions, growth and feed 

intake  

It was expected that differences in both age and liveweight at each dietary transition would be 

more pronounced when comparing Low BW animals offered either the FTW or STAND 

regime than when comparing Av BW pigs offered either the FTW or STAND regime.  

Results are in agreement with this premise, as there was no difference in the weight of Av 

BW animals at the majority of dietary transitions, regardless of feeding regime.  However 

Low BW animals offered the FTW were significantly heavier than Low BW animals offered 

the STAND regime at each dietary transition.  Furthermore, the weight of the Low BW pigs 

offered the FTW regime actually matched that of the Av BW pigs following the STAND 

regime at many diet changes.  Furthermore, whilst feeding regime had no effect on the age of 
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Av BW pigs in 4 of the 5 diet changes, Low BW animals offered the FTW regime were 

significantly older than all other treatment groups at each transition. 

Low BW animals recorded a poorer ADFI, and as such a lower daily intake of energy and 

lysine, compared to Av BW pigs throughout the trial.  Whilst a struggle to adapt to post-

weaning diets is common for all weight categories of pigs, it is often most evident amongst 

low birth weight animals (Collins et al, 2017).  This is supported by findings from the current 

study in that the deficit in ADFI of Low BW pigs compared to Av BW pigs was similar 

between 4 and 10 weeks of age and 10 and 17 weeks of age (71g/day vs 98g/day), despite the 

smaller size and feed intake of animals in the former period.  This may be due to impaired 

structure and function of the gastro-intestinal tract, which is common amongst Low BW pigs 

(Pluske et al, 2005).  Indeed a lower weight : length ratio and reduced concentration of IGF-1 

receptors in the small intestine can restrict their digestive capacity and hence feed intake 

immediately post-weaning (Michelis et al, 2013).  However during the finishing period the 

poorer feed intake of Low BW pigs recorded in the current study is in contrast to literature, 

which has shown birth weight to have no effect on feed intake later in production (Douglas et 

al, 2014b; Gondret et al, 2005).  This may be due to the lighter birth weight of compromised 

pigs employed in the current study, compared to that of previous literature (<1kg vs <1.2kg).  

Indeed a greater level of uterine restriction experienced by highly compromised pigs has been 

shown to restrict digestive capacity throughout lifetime, with Alvarenga et al (2012), 

reporting a reduced mucosal height in Low BW pigs at 150 days of age.   

The lighter weight and reduced ADG of Low BW animals compared to Av BW litter mates 

was evident throughout the trial and is in agreement with literature (Douglas et al, 2014a).  

Indeed an average weight differential of 1.0kg at weaning diverged to 9.6kg at slaughter.  

Whilst this is a greater divergence than that reported in previous studies comparing Low BW 
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and Av BW pigs at an equivalent slaughter age (7.7kg, Douglas et al, 2014a; 6.1kg, Beaulieu 

et al, 2010), it is similar to the 9kg reported in CH 3.  Impaired post-natal growth of Low BW 

pigs has been attributed to a diverse range of factors.  Whilst the reduced feed intake of Low 

BW pigs described above will have contributed to this reduced liveweight, it is the inferior 

muscle fibre network associated with these animals which is cited as the greatest contributor 

to their long term restricted growth.  Indeed Rehfeldt and Kuhn (2006) quantified Low BW 

pigs to have 50,000 fewer total fibres at birth than Av BW pigs (290,000 vs 340,000), with 

post-natal muscle growth largely determined by hypertrophy of muscle fibres present at birth 

(Douglas et al, 2014b).  It is interesting to note that this study is in agreement with Poore et al 

(2004), showing that the relative growth of Low BW pigs was similar to Av BW animals.  

Indeed in the current study, Low BW pigs even achieved greater relative growth than Av BW 

pigs from 10 to 17 weeks of age.  Finally, no significant difference was evident in the FCR of 

Low BW and Av BW pigs over the growing (4-10 weeks of age) or finishing (10-23 weeks of 

age) periods.  This supports a growing body of literature showing feeding efficiency does not 

differ between animals exhibiting a low birth weight and / or weaning weight compared to 

heavier animals, as a reduced ADG is offset by a lower ADFI (Collins et al, 2017; Magowan 

et al, 2011b; Nissen and Oksbjerg, 2011). 

The greater ADFI in FTW pigs immediately post-weaning concurs with findings from 

Wellock (2009) which showed animals fed a high quality diet recorded a greater ADFI than 

those offered a low quality diet in the 14 days following weaning (347g/day vs 309g/day).  

Furthermore, a partial consequence of the strict weight boundaries for diet change amongst 

FTW animals was that these animals were offered the higher specification diets with a greater 

nutrient density for longer.  The above factors resulted in a greater intake of energy and 

lysine amongst FTW pigs compared to STAND pigs.  Indeed the FTW feeding regime better 

matched the recommended daily energy intake of animals, as suggested by Whittemore et al 
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(2003), than that of the STAND regime from 4-10 and 10-17 weeks of age.  Furthermore, 

FTW animals were closer than STAND animals to matching their recommended daily lysine 

intake from 4-10 weeks of age.   

As hypothesised, animals allocated to the FTW feeding regime were significantly heavier 

than those on the STAND regime from 7 weeks of age through to slaughter, recording a 

greater growth rate during the nursery period and a greater carcass weight.  Previous studies 

have attributed the improved ADG in animals offered a superior post-weaning feeding regime 

to an improved FCR (Muns and Magowan, 2018; Lawlor et al, 2002; Magowan et al, 

2011ab).  It was therefore unexpected that feeding regime in the current study had no effect 

on FCR, except between 10 and 17 weeks of age, where STAND animals converted feed 

more efficiently than FTW pigs.  It is possible this lack of improvement was due to a smaller 

divergence in allocation of starter diets between FTW and STAND groups in the current 

study compared to previous work.  For example, starter diets employed by Magowan et al 

(2011b) were of similar composition to those employed in the current study.  However the 

divergence in allocation of Starter Diet 1 and Starter Diet 2 between treatment and control 

groups on an individual pig basis was greater in Magowan et al (2011b), compared with the 

current study.  It is possible that the inferior FCR of FTW animals compared to STAND pigs 

between 10 and 17 weeks of age can also be explained by comparing their intake of lysine 

and energy to that recommended in Whittemore (2003).  Whilst neither feeding category 

consumed their recommended energy requirements during this period, both FTW and 

STAND pigs exceeded their recommended lysine intake.  However FTW animals exceeded 

this requirement by 2% more than STAND animals.  Liu et al (2015) showed that feeding the 

optimal CP for a given population (15.8%), rather than NRC guidelines (17.7%), significantly 

improved FCR in Landrace pigs during the growing stage (2.33 vs 2.43).  Hence the 
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increased intake of lysine by FTW pigs during 10 to 17 weeks of age, in an attempt to meet 

energy requirements, could have resulted in a poorer FCR.   

From the above it can be concluded that the improved weight recorded for Av BW pigs 

offered the FTW regime compared to those offered the STAND regime was due to their 

superior feed intake as well as lysine and energy consumption.  Similarly it is evident that 

Low BW animals offered the FTW regime also benefited from improved nutrient intake 

compared to those on the STAND regime.  This was reflected by energy consumption from 4 

to 10 weeks of age, where Low BW pigs offered the FTW regime were over 3% closer to 

satisfying their energy requirements than STAND pigs.  This is a pertinent finding, especially 

during the immediate post-weaning period where animals typically struggle to achieve their 

required feed intakes (Tokach et al, 2003) which is recognised as a growth limiting factor in 

compromised pigs (Gondret et al, 2005).  However it is also possible that consuming the 

highest specification Starter Diet 1 for longer, as well as being older and more mature at each 

dietary transition, may have facilitated improved digestive development and improved 

growth performance amongst Low BW animals offered the FTW regime.  Indeed Huting et al 

(2017) suggested an increased supply of essential nutrients such as threonine and tryptophan, 

which may have been more readily available to the Low BW pigs offered the FTW regime, 

can help negate the higher intestinal epithelial cell turnover and reduced appetite in 

compromised pigs.   

Whilst previous work has shown that offering a higher specification or increased allowance 

of post-weaning diets conferred growth benefits in the immediate post-weaning period, these 

were no longer evident at slaughter (Douglas et al, 2014b; Wolter et al, 2002).  However the 

findings of the current study are promising in that the FTW dietary regime continued to 

support the superior animal liveweight for both Low BW and Av BW animals through to 

slaughter.   



176 
 

6.5.2 Animal body composition and carcass characteristics 

The greater carcass weight of Av BW pigs at slaughter compared to those of Low BW was 

expected due to their greater liveweight.  This is in agreement with the findings of Rehfeldt et 

al (2008) which showed Low BW animals to record a reduced carcass weight when compared 

to their heavier littermates (85.1kg vs 88.1kg).  The greater kill-out percentage recorded by 

Av BW pigs concurs with the work by Makaukii et al (2000) who found heavier animals to 

record a significantly increased kill-out percentage.  This was attributed to the organs of the 

carcass accounting for a greater proportion of total deadweight in lighter animals. Birth 

weight had no effect on the backfat recorded at slaughter in the current study, despite the 

Low BW animals being 9.6kg lighter at slaughter.  This is supported by Rehfeldt et al (2008), 

who attributed similar findings to the smaller number yet greater size of myofibrils in 

compromised pigs.  The quantity of total tissue and lean content was greater for Av BW pigs 

compared to those of Low BW throughout the trial, as well as a greater total fat content for 

Av BW pigs at 4 and 10 weeks of age.  This supports findings from Gondret et al (2005) 

showing carcasses from Low BW animals to exhibit a lower lean meat content compared to 

Av BW pigs.  Additionally, Av BW pigs also expressed a higher percentage lean content and 

lower percentage fat content than Low BW pigs at 4 and 10 weeks of age.  The inferior 

muscle fibre network associated with compromised pigs may explain this reduced lean 

percentage (Rehfeldth and Kuhn, 2006; Douglas et al, 2014b).  Furthermore the greater 

percentage fat content of Low BW pigs is in agreement with studies by Pardo et al (2013), 

which showed that an inferior capacity for lean growth in compromised pigs resulted in 

surplus energy being diverted into lipid deposition.  Whilst Low BW pigs continued to record 

a numerically lower percentage lean content and numerically greater percentage fat content to 

Av BW pigs at 21 weeks of age, the lack of significant difference was unexpected and in 

contrast to literature (Bee, 2004; Collins et al, 2017).  The more extensive variation within the 
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data set as animals grew heavier meant a greater difference was required for significance to 

be observed, as explained by Wellock et al (2009).  For both Low BW and Av BW pigs, 

percentage lean content increased progressively by a similar extent from 4, to 10, to 21 weeks 

of age and percentage fat content decreased progressively to a similar extent from 4, to 10, to 

21 weeks of age.  This is a unique finding as no studies known to the authors have compared 

the change in body composition of Low BW and Av BW pigs over time by serially scanning 

a single animal population.   

Feeding regime had no effect on kill-out percentage in this study.  This is in agreement with 

work by Skinner et al (2014) which found no difference in this parameter when commercial 

slaughter weight pigs were offered different starter regime allowances in the six weeks 

following weaning.  Although Wolter and Ellis (2001) found that providing additional 

nutrients to piglets via a milk supplement in the two weeks following weaning decreased the 

levels of back-fat at slaughter by 1.5mm compared to animals fed conventionally, the current 

study found no differences in back-fat levels between animals offered the two feeding 

regimes.  It is possible that a greater divergence in dietary intake than that evident in this 

study is required to induce significant differences in this parameter.  Similarly, feeding 

regime had no effect on either the total or percentage content of tissue, lean or fat at any stage 

of the trial period for the animal subset which underwent DEXA scanning.  This concurs with 

findings from Lawlor et al (2002) showing that starter diet allowance in the four weeks 

following weaning had no effect on any carcass characteristics at slaughter.  Furthermore 

Dalla Bona et al (2016) showed that altering the dietary allowance of pigs from weaning to a 

liveweight of 145kg at slaughter had no significant effect on carcass lean percentage.  This is 

a significant finding as it suggests, despite an inferior capacity for lean growth in 

compromised pigs compared to normal birth weight counterparts (Rehfeldt and Kuhn, 2006), 

both birth weight categories in this study had the capacity to convert the additional nutrient 
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and energy intake provided by the FTW regime to a greater liveweight, yet record an 

equivalent percentage lean content to pigs fed the STAND regime.  Whilst this is an 

important finding, it should be interpreted cautiously as body composition analysis was based 

on a dataset employing only a subset of the total experimental animals.       

6.6 Conclusion 

This study has shown that careful management of post-weaning nutrition can markedly 

increase the liveweight of all animals.  Furthermore, low birth weight pigs have the 

physiological capacity to improve their growth performance when offered a feeding regime 

tailored to their weight and stage of development.  This improved the growth of low birth 

weight animals relative to their weaning weight during the nursery stage and reduced the 

weight differential at slaughter compared to average birth weight pigs fed a standard ration by 

almost 2kg, with no detrimental effect on carcass composition.  This represents an 

opportunity commercially to maximise the slaughter weight of all animals, improving output 

and profitability at farm level.   
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The studies undertaken in this research project were designed to address the current challenge 

of maximising growth and minimising mortality of low birth weight pigs which is faced by 

the pig industry within Northern Ireland and other European countries.  As such, the research 

studies focussed on three main areas as follows:  

1) To quantify the lifetime growth performance and mortality characteristics of low birth 

weight pigs compared to average birth weight pigs under commercial conditions. 

2) To determine if low birth weight pigs had the capacity to utilise an increased sow milk 

yield for improved growth and whether any performance benefits at weaning were retained to 

slaughter. 

3) To develop post-weaning feeding regimes which facilitate optimal growth of low birth 

weight pigs through to slaughter.   

It was hypothesised that producing fewer disadvantaged pigs at weaning, and tailoring 

support for them to slaughter, will improve animal welfare and increase farm productivity, 

efficiency and profitability.  This in turn will support the sustainability of individual farms 

and the industry as a whole.        

7.1 How do low birth weight and average birth weight pigs compare? 

In agreement with literature, it was evident throughout all studies undertaken in this research 

project that the weight of Low BW pigs was lighter than Av BW littermates at all stages of 

production.  On average, Low BW pigs were 13.9% lighter than Av BW pigs at weaning 

(7.22kg vs 8.22kg) and remained 7.6% lighter at slaughter (99.1kg vs 106.6kg).  This is also 

in agreement with literature showing that absolute differences in weight at weaning become 

more pronounced as animals progress through production (Williams, 2003; Fix et al, 2010).  

The observed divergence in slaughter weight was driven by Low BW animals having a 
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poorer ADG compared to Av BW pigs to the magnitude of 17g/day during lactation 

(227g/day vs 244g/day), 60g/day between week 4 and 12 (483g/day vs 543g/day) and 

45g/day between week 12 and 22 (941g/day vs 986g/day).    

Understanding piglet suckling behaviour is an important consideration when maximising pre-

weaning growth and development.  Indeed literature has shown that effective suckling 

behaviour is positively correlated to weaning weight (Hong et al, 2016).  However, the 

increase in average litter size has had a negative impact on nursing (Ward et al, 2020).  These 

effects are more pronounced in Low BW pigs as they are often outcompeted by heavier 

littermates for a limiting milk resource (Le Dividich et al, 2017).  Indeed, in this current 

work, the examination of suckling behaviour (Study 2 (CH 4))  found that piglets in Low BW 

litters suckled for 31 minutes less per day than Av BW litters during the first week of 

lactation (197 mins/day vs 166 mins/day).  This was attributed to the impaired vitality of Low 

BW animals which may have hindered their ability to stimulate effective milk ejection (Muns 

et al, 2016).  This is likely to have limited the uptake of colostrum and milk, restricting 

growth and contributing to the lighter weaning weights recorded in Low BW pigs.  However, 

it is worthy of note that birth weight had no effect on suckling behaviour at week 2 or week 3 

of lactation.  This suggests that, whilst birth weight may dictate suckling behaviour during 

early lactation, the availability of milk dictates suckling behaviour later in lactation.  This is 

likely due to the switch in the factors which drive milk yield as lactation progresses, i.e. sow 

body reserves in early lactation and lactation feed intake in late lactation (Beyer, 2007).  

Therefore careful management of sow nutrition becomes critical for piglets of all birth 

weights as lactation progresses in order to ensure optimal weaning weights are achieved.   

It was interesting to note that the greatest divergence in ADG between Low BW and Av BW 

pigs was recorded in the period following weaning.  Indeed when pigs were monitored in a 

commercial setting (Study 1;CH 3), Low BW pigs grew at a rate 77g/day and 85g/day slower 
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than Av BW pigs between weeks 4 to 8 and 8 to 12 respectively.  Furthermore, results from 

the research trial (Study 2) shows extensive divergence in ADFI of Low BW and Av BW 

pigs between week 4 and 7 (56g/day).  It is accepted that animals often experience a period of 

sub-optimal growth and feed intake following weaning as they undergo rapid physiological 

development to adapt to solid feed (Collins et al, 2017; Lalles et al, 2004).  However, the 

above data shows the post-weaning growth check to be more pronounced in Low BW pigs.  It 

is likely the poorer growth rate and feed intake displayed by Low BW pigs during the 

immediate post-weaning period was a partial consequence of a reduced capacity for digestion 

and nutrient utilisation (Michiels et al, 2013; D’Inca et al, 2011).   

An inferior muscle fibre network associated with Low BW pigs has been identified as the 

major limiting factor to gaining lean weight throughout production (Rehfeldt and Kuhn, 

2006).  A limited potential for lean growth means Low BW animals often have to divert 

surplus energy into the more demanding process of lipid accretion (Luo et al, 2015).  This 

may explain why this work found that the FCR of compromised animals remained inferior to 

that of Av BW pigs throughout the growth period to slaughter (Study 3 (CH 5)).  However, 

when FCR was modelled during this period, the rate of FCR deterioration with liveweight 

gain was the same for both Low BW and Av BW pigs.  This had not previously been 

compared in literature using data collected on a daily basis.  Therefore, whilst Low BW pigs 

did not convert feed as efficiently, their rate of FCR deterioration was no worse than that of 

Av BW pigs.  This suggests the 4.4kg of additional feed required for each Low BW pig to 

grow from a liveweight of 40kg to 120kg, as calculated from modelled equations in Study 3, 

was a consequence of a poorer FCR but not a greater rate of FCR deterioration, compared 

with Av BW pigs.  The above findings suggest that, without intervention, digestive capacity 

and efficiency of Low BW animals may never recover sufficiently to match that of the 

heavier birth weight counterparts.  As reported in Study 3, birth weight had no effect on any 
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parameters relating to feeding behaviour during this period.  This was unexpected as 

literature has shown a positive relationship between animal bodyweight and parameters such 

as intake per feed visit or feeding velocity (Quiniou et al, 2000).  A greater divergence in 

bodyweight than that recorded during the finishing stage in this study may have been required 

to observe these differences.    

Inferior muscle development amongst Low BW pigs has also led to concerns within the pig 

industry regarding the quality and economic value of carcasses yielded by these compromised 

animals.  Study 4 quantified the change in body composition of a population of Low BW and 

Av BW pigs as they grew from 4 to 10 to 21 weeks of age, with an example of the output 

shown in Figure 7.1.  Low BW pigs exhibited a reduced quantity of total lean tissue 

compared to those of Av BW pigs at 21 weeks of age.  This was attributed to their lighter 

average liveweight and concurs with previous research (Rehfeldt, 2008; Gondret et al, 2005).  

The lower percentage lean and greater percentage fat content of Low BW pigs at week 4 and 

10 supports the premise that inferior muscle development restricts their capacity for lean 

growth (Douglas et al, 2014b; Pardo et al, 2013).  Whilst the percentage lean and fat content 

of pigs was not significantly affected by birth weight at week 21, the same numerical trends 

remained.  In addition, Low BW animals recorded an equivalent level of back-fat to that of 

Av BW pigs at slaughter, in spite of their smaller size.  Given that it is the lean portion of the 

carcass which represents economic value to the producer, these findings would suggest that 

the carcasses of Low BW animals are less profitable on a per kilogram of deadweight basis 

compared to carcasses of Av BW pigs and this is in agreement with literature (Rehfeldt and 

Kuhn, 2006; Collins, 2007).   
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Figure 7.1. Example output generated by DEXA scan at 10 weeks of age to quantify animal 

body composition 

Despite the majority of Low BW animals failing to compensate for their reduced birth weight 

during the post-natal period, these animals did have the potential to match the growth rate of 

Av BW pigs during certain stages of production.  In Study 3 for example, Low BW pigs 

recorded an equivalent ADG to Av BW pigs from week 12-17 (841g/day vs 853g/day).  

Furthermore, whilst the majority of Low BW pigs in this research project were not able to 

attain an ‘average’ level of performance, a minority of these compromised animals were 

capable of achieving this.  Indeed across all studies, 21% of all Low BW animals were able to 

match or exceed the average weaning weight of Av BW pigs.  Furthermore, 22% of all Low 

BW animals matched or exceeded the average weight of Av BW pigs at slaughter age.  

Previous studies have shown little difference in the relative growth of Low BW and Av BW 

pigs (Poore et al, 2004).  However, in the current project, the relative growth of Low BW 
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pigs exceeded that of heavier birth weight animals during various stages of production.  For 

example, Low BW animals recorded a greater relative growth across all studies during 

lactation (6.83kg/kg vs 4.53kg/kg), as well as between week 12 and 17 weeks of age 

(0.87kg/kg vs 0.80kg/kg).  Whilst compromised pigs must actually outperform their heavier 

littermates relative to their birth weight in order to attain equivalent performance, the higher 

relative growth of Low BW pigs at certain stages of production in these studies shows that 

there is potential for this.  The above findings suggest that not all compromised pigs are 

destined to ‘fail’, with a range in post-natal growth rates being evident.  However, further 

investigation failed to identify specific traits, such as birth order or cross-fostering, which 

promoted superior growth amongst some Low BW pigs compared to others.  It is possible 

that the increased growth rate seen in some compromised pigs could be related to the extent 

of growth retardation experienced during gestation (Ladinig et al, 2014).  For example, Bee 

(2004) suggested that the unfavourable uterine position occupied by some smaller foetuses 

can restrict access to maternal nutrition, with negative implications on the number, 

distribution and area of muscle fibres in Low BW pigs.  A further publication by Bee (2007) 

concluded that lower myofiber numbers in Low BW piglets impaired post-natal lean growth 

and weight gain.  Whilst many gestational feeding strategies have shown promise in 

improving the uterine environment and hence myofiber development, these often have not 

been trialled on hyperprolific sows and hence further work is required in this area (Bee, 

2017).  However, it is also possible that this performance differential amongst Low BW pigs 

was influenced by environmental factors, such as gaining access to more productive anterior 

teats during lactation (Huting et al, 2017) or less intensive competition from pen mates for 

feeding space during the post-weaning period (Schmolke et al, 2003).   

The review of the scientific literature showed Low BW animals to exhibit high levels of pre-

weaning mortality (Marchant et al, 2000) and this was supported by the findings from 
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commercial farms and the study examining the impact of lactation feed intake (Studies 1 and 

2).  Indeed on commercial farms, Low BW animals exhibited a pre-weaning mortality rate 

over three times greater than that of heavier litter mates (21% vs 6%).  Further investigation 

showed that almost 50% of pre-weaning deaths amongst Low BW pigs were attributed to 

starvation, with deaths occurring significantly earlier in lactation (day 9.2 vs day 5.4) and at a 

lighter weight (1.2kg vs 2.4kg) on average compared to Av BW pigs.  Restricted uptake of 

colostrum and milk in Low BW piglets due to their reduced vitality at birth, as discussed 

earlier, is likely to have contributed to this greater mortality (Le Dividich et al, 2017).   

7.2 Intervention strategies to maximise the performance of low birth weight pigs 

Scientific studies on how to best address the inferior performance of Low BW pigs are 

lacking, with producers relying on anecdotal evidence.  Hence this programme of work 

focussed heavily on the development of effective pre- and post-weaning intervention 

strategies which minimise mortality and improve the lifetime growth performance of Low 

BW animals.  

7.2.1 Pre-weaning intervention  

Increased nutrient availability during the suckling period has been highlighted as a potential 

approach to facilitate the maximal growth of piglets reared in larger litters (Sulabo et al, 

2010; De Bettio et al, 2016).  However, the specific impact of this treatment on Low BW pigs 

reared in commercial litter sizes required further investigation.  Study 2 found that, when 

carefully managed and offered a higher feed allowance, sows were capable of increasing their 

feed intake by 1.5kg/day over a 28 day lactation period compared to animals following a 

commercially standard regime (7.7kg/day vs 6.2kg/day).  This superior feed consumption 

was able to support a greater total derived milk yield during lactation (371kg vs 307kg), 

which in turn improved the weaning weight of both Low BW and Av BW pigs suckling these 
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sows.  Indeed the 17% greater derived milk yield of High FA sows, compared to those 

offered a Low FA, increased the average weaning weight of Low BW animals by 11% (7.9kg 

vs 7.0kg).  This improved liveweight of Low BW pigs was linked to suckling behaviour, 

where Low BW pigs reared on sows offered a High FA recorded a lower suckling frequency 

yet suckled for 21 minutes longer on average each day compared with Low BW pigs reared 

on sows offered a Low FA (151 mins vs 130 mins) at week 3 of lactation.  This suggests that, 

whilst birth weight may dictate suckling behaviour during early lactation, sow body reserves 

become depleted as the nursing stage progresses and lactation feed intake becomes the major 

determinant of milk yield and hence suckling behaviour (Beyer, 2007).   

It was equally significant that Low BW litters reared by sows offered a High FA in Study 2 

exhibited a pre-weaning mortality (12%) which was half of that recorded by Low BW litters 

reared by Low FA sows in Study 2 (22%) and Low BW animals reared under commercial 

conditions in Study 1 (21%).  For Low BW pigs on sows offered a Low FA, 40% of 

mortalities occurred after the first week of lactation.  This was compared to only 23% of 

mortalities for Low BW animals on sows with a High FA occurring after the first week of 

lactation.  It could be suggested that the increased feed intake and hence milk yield of sows 

offered a High FA promoted the survival of Low BW pigs, compensating for the low body fat 

reserves and inferior dominance associated with these compromised animals (Le Dividich et 

al, 2017; Yuan et al, 2015).  

The above findings demonstrate that Low BW animals have the physiological capacity to 

utilise additional milk resources to promote survival and growth.  Furthermore, the reduced 

mortality exhibited by Low BW pigs reared on sows offered a High FA resulted in an average 

increase of 1.5 piglets weaned per litter.  This is of major commercial significance, given that 

up to 25% of all piglets from larger litters have been shown to record a birth weight under 

1.1kg (Wang et al, 2017).        
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7.2.2 Post-weaning intervention 

A key objective of Studies 2 and 3 was to establish if the pre-weaning benefit achieved when 

rearing pigs on sows offered a High FA was retained post-weaning.  Although both Low BW 

and Av BW pigs were significantly heavier when reared on sows offered a High FA 

compared to their counterparts on sows offered a Low FA at week 5 and week 7, sow feed 

allowance had no effect on animal weight from week 10 through to slaughter.  Additionally, 

although Low BW animals reared by sows offered a High FA recorded an equivalent 

weaning weight to Av BW pigs reared under commercial conditions, these compromised pigs 

were 2.7kg lighter on average at slaughter.  The superior relative growth of animals reared on 

sows offered a Low FA from weaning to 10 weeks of age suggests that compensatory growth 

occurred for these pigs following weaning (Heyer and Lebret, 2007).  Pigs which suckled 

sows offered a Low FA regime during lactation exhibited a greater number of feeder visits 

per day and reduced feed intake per visit during the finishing period compared to pigs on 

sows offered a High FA.  It is possible that the greater suckling frequency recorded by these 

animals during the third week of lactation may have predisposed their future feeding 

behaviour.  Literature has previously linked such behaviour to an increased level of 

competition within pen groups as well as a superior ADFI and FCR (Young and Lawrence, 

1994; Hyun et al, 2002; Andretta et al, 2014).  However, as there was no effect of sow feed 

allowance on ADG, ADFI or FCR during this period, it remains unclear where this 

competition could have been manifested.   

This work largely agrees with the findings from previous research in that the initial benefits 

gained from increasing nutrient intake during lactation were not retained to slaughter, with 

parameters such as birth weight and post-weaning management dictating post-weaning 

performance to a greater extent (Muns and Magowan, 2018; Douglas et al, 2014ab).  It was 

therefore concluded that, although early intervention strategies during lactation are key to 
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minimising mortality and maximising weaning weight, they do not guarantee optimum post-

weaning performance.  The failure of Low BW pigs to build upon the performance benefits 

attained when reared on sows offered a High FA (Studies 2 and 3), coupled with the poor 

performance of compromised pigs immediately following weaning (Studies 1 and 2), led to 

the investigation of lifetime intervention on the performance of Low BW pigs (Study 4).          

As noted previously, compromised pigs frequently lack the physiological development 

required to fully utilise nutrients provided in post-weaning diets (Michiels et al, 2013; D’Inca 

et al, 2011).  Study 4 fed Low BW and Av BW pigs on the basis of weight (Feed to weight 

(FTW)) and compared any performance benefits obtained with the performance of pigs fed 

on a commercially standard (STAND) regime.  Results showed the average weight of both 

Low BW and Av BW pigs was significantly improved from 7 weeks of age through to 

slaughter when diet transition was carried out on the basis of weight.  This was partially 

linked to a greater ADFI immediately post-weaning in pigs offered the FTW regime.  This 

concurs with findings from Wellock (2009) where animals fed a high quality diet recorded a 

greater ADFI than those offered a lower quality diet in the 14 days following weaning.  

Furthermore, the strict weight boundaries for diet change amongst FTW animals meant these 

pigs consumed diets with a greater nutrient density for longer.  The above factors meant the 

FTW feeding regime better matched the recommended daily energy intake of animals, as 

suggested by Whittemore et al (2003), compared to the STAND regime from week 4-10 and 

10-17.  Furthermore, FTW animals were closer than STAND animals to matching their 

recommended daily lysine intake from week 4-10.   

Focussing specifically on Low BW pigs, offering diets on a weight basis led to numerical 

improvements in animal liveweight compared to equivalent animals at the same age in 

previous studies.  Whilst many other factors could have influenced weight within the studies, 

it was interesting that Low BW animals offered the FTW regime (Study 4) were heavier than 
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Low BW pigs reared on sows offered a High FA (Study 3) and those reared on commercial 

farms (Study 1) by a magnitude of 4.9kg and 7kg respectively at 12 weeks of age (38.6kg vs 

33.7kg vs 31.6kg).  This divergence increased to 8.1kg and 13.5kg respectively by week 17 

(71.7kg vs 62.6kg vs 58.2kg).  It was evident that Low BW animals offered the FTW regime 

benefited from improved nutrient intake compared to those on the STAND regime.  This was 

reflected by a greater ADFI immediately post-weaning, as well as improved energy 

consumption from week 4 to 10, where Low BW pigs offered the FTW regime were over 3% 

closer to satisfying their energy requirements than STAND pigs.  This is a pertinent finding 

as slow growing animals typically struggle to achieve their required feed intakes immediately 

post-weaning (Tokach et al, 2003) and this is recognised as a growth limiting factor (Gondret 

et al, 2005).  It is also possible that consuming the highest specification Starter Diet 1 for 

longer, as well as being older and more mature at each dietary transition, facilitated improved 

digestive development leading to improved growth performance amongst Low BW animals 

offered the FTW regime.  Indeed Huting et al (2018) suggested an increased supply of 

essential nutrients such as threonine and tryptophan, which may have been more readily 

available to the Low BW pigs offered the FTW regime, can help negate the higher intestinal 

epithelial cell turnover and reduced appetite in compromised pigs.   

In previous research, an improved ADG recorded for animals offered superior post-weaning 

diets was attributed to an improved FCR (Muns and Magowan, 2018; Lawlor et al, 2002; 

Magowan et al, 2011ab).  It was therefore unexpected that feeding regime had no effect on 

FCR in Study 4, except between week 10 and 17, where STAND animals converted feed 

more efficiently than FTW pigs.  It is possible this lack of improvement in FCR was due to a 

smaller divergence in allocation of starter diets between FTW and STAND groups in the 

current study compared to previous work (Magowan et al, 2011b).  Additionally, the inferior 

FCR of FTW animals compared to STAND pigs between week 10 and 17 may be explained 
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by FTW pigs exceeding their recommended lysine requirement by 2% more than STAND 

animals, as well as recording an inferior energy and protein conversion efficiency, during this 

period (Whittemore, 2003; Liu et al, 2015).   However, it was still interesting to note that the 

FCR of Low BW pigs between week 4 and 10 reported in Study 4 was numerically superior 

to that recorded for Low BW animals during the same period in Study 2 (1.38 vs 1.54).  It is 

possible that the inclusion of a link diet and phased finishing diets in the feeding regime in 

Study 4 significantly improved feeding efficiency due to the improved lactic content and 

digestibility of these diets compared to the grower diet and single finisher diet offered in 

Study 2.   

A further objective of Study 4 was to establish the composition of any additional weight gain 

achieved by Low BW animals when fed on the basis of liveweight post-weaning to determine 

the feasibility of feeding increased quantities of more expensive high specification diets.  

Indeed any increase in percentage fat content would represent wasted investment.  However, 

feeding regime had no effect on either the total or percentage lean or fat content at any stage 

of the trial.  Indeed Low BW animals offered the FTW regime recorded a numerically greater 

percentage lean and numerically lower percentage fat at week 10 and 21 compared to those 

offered the STAND regime.  This was a significant finding as it suggests that, despite an 

inferior capacity for lean growth in compromised pigs (Rehfeldt et al, 2008), they were still 

able to convert additional energy and lysine provided by the FTW feeding regime into an 

acceptable proportion of lean content. 

7.2.3 Can low birth weight pigs record average levels of performance?  

This research project has highlighted the critical importance of timing when designing 

intervention strategies to maximise the performance of Low BW pigs.  It is likely that 

different physiological restrictions hinder the growth of compromised pigs at different stages 
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of production.  For example, during the lactation and nursery period it has been suggested 

that impaired growth of Low BW pigs is a function of both the environment and reduced 

physiological development.  This may be the result of reduced viability at birth due to post-

natal hypothermia (Herpin et al., 2002), as well as an impaired digestive development in the 

immediate post-weaning period (Alvarenga et al, 2012).  However, during the finishing stage 

it is more likely that an inferior muscle fibre network, resulting in a reduced capacity for lean 

accretion, restricts growth amongst Low BW pigs (Rehfeldt and Kuhn, 2006).     

Based on the findings of this thesis it can be concluded that the provision of focussed 

additional care to compromised animals will facilitate enhanced growth.  For example, 

although Low BW animals were 15% lighter than those of Av BW at weaning in the 

commercial setting, the improved performance of Low BW pigs reared by sows offered a 

High FA in Study 2 enabled these animals to match the weaning weight recorded by Av BW 

pigs reared under commercial conditions in both Study 1 (7.9kg) and Study 2 (7.9kg).  

Furthermore, in the commercial setting, Low BW animals were 15% lighter than those of Av 

BW at 12 weeks of age (31.6kg vs 37.3kg), remaining 11% lighter at week 17 (58.2kg vs 

65.7kg) and 9% lighter at week 22 (91.7kg vs 100.8kg).  However this deficit was reduced to 

10% (33.7kg vs 37.3kg), 3% (63.6kg vs 65.7kg) and 2% (98.7kg vs 100.8kg) at week 12, 17 

and 22 respectively when comparing Low BW pigs reared on sows offered a High FA to Av 

BW pigs reared commercially.  Furthermore, Low BW animals fed on a weight basis post-

weaning were 3% (38.6kg vs 37.3kg) and 8% (71.7kg vs 65.7kg) heavier at week 12 and 17 

respectively compared to Av BW animals reared in the commercial setting.    These are 

pertinent findings as, although many studies have shown intervention strategies to 

significantly improve the growth performance of Low BW pigs (Douglas et al, 2014b; 

Magowan et al, 2011), these animals rarely achieve an equivalent weight to heavier birth 

weight animals at a given age.  Although Low BW animals fed on a weight basis post-
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weaning recorded a poorer ADFI than Av BW pigs reared on sows offered a Low FA from 

week 4 to 10 (626g/day vs 691g/day), a superior FCR exhibited by the Low BW animals 

during this period (1.38 vs 1.53) enabled them to express a similar ADG (443g/day vs 

463g/day).  This superior FCR may be due to improved digestive development in the Low 

BW animals fed on a weight basis (Alvarenga et al, 2012) as well as the inclusion of a link 

diet in the feeding regime as discussed above.  The above findings support the premise that 

compromised pigs can attain the performance of ‘normal’ pigs in a non-competitive 

environment (Beaulieu et al, 2010).  This indicates that it may therefore be commercial 

production systems which limit the growth of Low BW pigs, in combination with an innate 

inferior physiology.   

7.3 Economic assessment of low birth weight pigs and targeted intervention  

Increased mortality and poor growth rates associated with Low BW pigs mean producers may 

feel it is more economical to euthanise Low BW animals at birth.  However, results from this 

research project were in agreement with literature showing effective management regimes 

tailored specifically to birth weight can minimise mortality and increase growth rates 

amongst compromised pigs (Douglas et al, 2014ab; Deen et al, 2004).  The economic 

consequence of Low BW animals is discussed below. 

Based on the liveweight and mortality rate exhibited by pigs in a commercial setting recorded 

in Study 1, and assuming a kill-out percentage of 76% and current market price of £1.63/kg 

(NI Agricultural Market Report, 2020), a population of 50 Av BW pigs at birth generates 

£1404.80 in additional revenue at slaughter age compared to a population of 50 Low BW 

pigs.  Furthermore a difference of 15.5kg in average liveweight of Low BW pigs at slaughter 

age between the best and worst performing herds (99.8kg vs 84.3kg) leads to an estimated 

difference of approximately £19/pig in financial returns.  Whilst these figures are highly 



194 
 

significant, no feed intake data was available in this study and hence it is difficult to balance 

these returns with corresponding input costs on each farm.   

It was reported in Study 3 that the poorer FCR of Low BW pigs compared to Av BW pigs 

necessitated an additional 4.4kg of feed for these animals to grow from a liveweight of 40kg 

to 120kg.  Based on the current price of a standard finishing feed ration (£231/tonne), each 

Low BW pig required an additional £1 in feeding costs during this period of growth.  

Assuming 13% of all piglets are born with a birth weight under 1kg (Quiniou et al 2002) and 

that 1.39 million pigs were slaughtered in the Northern Ireland pig industry in 2019 

(Statistical Review of NI Agriculture, 2019), these animals cost the industry an additional 

£180,700 in feeding costs each year.  However this only represents approximately 0.31% of 

the industries total feed costs and hence is negligible (Donnelly, 2019). 

The findings reported in Study 4 demonstrated how the growth performance of Low BW 

animals was significantly improved when fed on a weight basis.  However, it was important 

to establish if the increased cost of feeding compromised pigs higher specification diets for 

longer periods was economically justified by relatively greater returns at slaughter.  Based on 

feed intake, the price of each diet at the time of study and animal slaughter weights, feeding 

Low BW animals on the basis of weight increased profits by 37 pence per Low BW pig 

slaughtered.  Although it is therefore economically viable to feed Low BW pigs on a weight 

basis, this only translates to an increased industry profitability of £67,000 per year.  It was 

interesting that feeding Av BW animals on a weight basis was more economically feasible, 

increasing profitability by £3.05 per pig.  This is in contrast to the findings of previous 

studies which concluded that, in order to be economically viable, feeding higher specification 

post-weaning regimes should be focussed only on Low BW animals (Collins et al, 2017).   
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7.4 Limitations of work 

7.4.1 Commercial study (CH 3) 

When assessing the effects of birth weight on pig performance in the commercial situation, 

the greatest limitation was the lack of control over dietary regimes and management 

strategies employed on each farm.  The extent of the difference in performance of Low BW 

pigs compared to their heavier litter mates on each unit would have been affected by 

individual on farm practices.  Indeed bespoke on farm interventions have been shown to 

significantly improve the performance of disadvantaged pigs (Deen and Bilkei, 2004; 

Douglas et al, 2014b).  The lack of data relating to feed usage and feed efficiency was a 

further limitation to this study.  This information would have enabled a more accurate 

evaluation of the economic effects associated with farm and birth weight, building upon work 

conducted by Magowan et al (2007).  For this reason, feed intake and behaviour were 

extensively studied and reported in Studies 2-4.  

In a small number of cases, post-mortem examination of post-weaning mortalities was not 

possible.  These animals were therefore excluded from any analysis that assigned the cause of 

post-weaning deaths, further reducing an already small sample size.  Expanding this analysis 

to include a greater number of post-weaning mortalities is necessary to validate the findings 

from this study.  Finally, the performance of animals on Farm 2 was greatly impacted by a 

post-weaning disease challenge.  Although this influenced an equal number of Low BW and 

Av BW pigs, the effects may have been more pronounced in the already compromised Low 

BW pig population.   
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7.4.2 Efficacy of intervention strategies (CH 4 – 6) 

The greatest limitation of the studies examining the specific impact of interventions strategies 

on Low BW pigs was that restrictions on pen size in nursery accommodation prevented all 

animals remaining on trial post-weaning.  Although selection of animals was such that there 

was minimal change to the average animal weight and standard deviation of weights within 

each treatment group, this still resulted in a reduced sample size.  It would also have been 

beneficial to have explored more biological factors from blood, liver and muscle samples. For 

example, determining the concentration of free amino acids and other selected metabolites in 

the blood plasma of pigs would have enabled greater understanding of the metabolic changes 

underlying improved animal performance (Hasan et al, 2017).  It is also regrettable that the 

carcass weights reported in abattoir data conflicted with those recorded manually on the 

research farm in Study 3.  This led to abattoir data relating to parameters such as kill-out 

percentage and back-fat depth being deemed unreliable and hence these were not reported.  

On reflection, carcass data relating to these animals should have been collected by research 

staff in a similar manner to all other parameters and this was rectified in Study 4.   

7.5. Synthesis of results and implications for industry 

This research project found that, in the commercial setting, the litter of origin for Low BW 

piglets recorded a significantly greater number of piglets born alive on average.  In addition, 

a 1.2kg difference between the weight of Low BW and Av BW pigs at weaning in the 

commercial situation increased to over 9kg at slaughter age.  Compromised pigs also 

recorded a pre-weaning mortality of over three times that of Av BW pigs.  These deaths 

occurred six days earlier in lactation on average, with starvation cited as the cause of death in 

approximately half of these cases.  These findings are of major commercial significance, 

clearly illustrating the detrimental effect of Low BW animals on herd performance.   
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When intervention strategies were employed, performance of Low BW animals was 

improved markedly.  Focussed management during lactation enabled a 42.5kg increase in 

sow feed intake, increasing sow daily intake of energy and lysine by 20% and 19% 

respectively.  Low BW animals reared on sows offered a High FA effectively utilised the 

resultant improved milk yield, suckling for 21 minutes longer each day on average than Low 

BW pigs reared on sows offered a Low FA at week 3 of lactation.  This improved sow feed 

intake increased weaning weights of Low BW pigs by 11%, enabling them to match the 

weaning weight of Av BW pigs reared under commercial conditions.  Furthermore, this 

intervention technique halved the mortality recorded amongst Low BW pigs, increasing the 

number of animals weaned by 1.5 piglets per litter.  However, when intervention was 

removed, Low BW animals did not build upon these pre-weaning benefits and failed to 

convert feed as efficiently as Av BW animals in the finishing period.  It is worthy of note the 

rate of FCR deterioration for Low BW pigs with increasing liveweight was no worse than 

that of Av BW pigs, meaning if the FCR of Low BW pigs could be improved through 

intervention immediately post-weaning, this should be retained during the finishing period.  

This is important as it gives confidence that if these Low BW animals can achieve acceptable 

liveweight and feeding efficiency to ten weeks of age through intervention, this level of 

performance should continue to match that of Av BW animals through to slaughter. 

Combining pre-weaning intervention with a post-weaning feeding regime tailored 

specifically to birth weight ensured Low BW animals were older and heavier at each diet 

transition compared to those fed a standard regime.  This afforded more time for development 

amongst compromised pigs between dietary changes, significantly improving animal 

liveweight from week 7 through to slaughter.  Indeed results from this thesis suggest feeding 

Low BW animals on a basis of weight and retaining them on farm for an extra week prior to 

slaughter could yield gains of up to 23kg compared to Low BW pigs reared commercially.  
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Whilst the percentage body composition of Low BW pigs was generally fatter and contained 

less lean than Av BW animals, this was not exacerbated by feeding Low BW pigs higher 

specification diets for longer.  Furthermore, feeding Low BW animals on a weight basis had 

no detrimental effects on FCR compared to either Low BW or Av BW animals following a 

standard regime.  This indicates that the added investment of feeding these Low BW animals 

higher specification diets for longer is worthwhile.   

This research project demonstrates to producers that precise management of sow nutrition 

during lactation represents an opportunity to significantly reduce mortality and maximise 

weaning weights amongst low birth weight animals.  Furthermore, whilst adoption of a 

tailored post-weaning feeding regime may be labour intensive, it will improve profitability at 

farm level.  Installation of feeding systems that can easily change ration delivery on a pen 

basis rather than a whole house basis could facilitate the implementation of this technique 

commercially.  

7.6 Recommendations for future study 

This body of work has demonstrated that the implementation of targeted nutritional 

intervention can significantly improve the performance of both Low BW and Av BW pigs 

compared to that seen commercially.  However it is recognised that animal responses 

recorded under controlled conditions often differ to that seen in the field (Magowan et al, 

2007).  Therefore it would be beneficial to implement the intervention strategies employed in 

this research project on commercial production units to establish if similar performance 

benefits are replicated on farm.  It would also be valuable to conduct further work in the 

commercial setting which implements stringent data collection and monitoring of animal 

performance.  For example, collecting detailed information on the birth weight of all animals 

in each litter would allow improved quantification of the prevalence of low birth weight 
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piglets in the modern commercial herd and establish how birth weight is affected by litter 

size, updating work by Quiniou et al (2002) and Berard et al (2004).  Furthermore, the 

collection of data on feed intake and feed efficiency would enable a comprehensive 

explanation of animal performance and more robust economic assessment.  Finally, the use of 

precision feeding systems within pig production, whereby animals are fed on an individual 

basis, has shown promise.  This approach can reduce production costs by over 8% by 

avoiding over-supply of nutrients, with improvements in feed efficiency preventing any 

negative impact on animal growth (Pomar and Remus, 2019).  However additional data 

collected from the commercial setting and improved understanding of metabolic processes 

are required to enable development of more effective precision feeding systems (Remus, 

2018).  Furthermore, as Low BW animals often exhibit inferior digestive development, the 

specific impact of this approach on compromised pigs warrants further investigation.   

Whilst elevated intake of energy and lysine in sows was transformed into improved derived 

milk yields and increased litter weight gain, it is important to consider the environmental 

impact of intervention strategies.  Indeed, Liu et al (2015) previously highlighted a reduction 

in protein content of diets as a potential solution to increased environmental excretion of 

ammonia.  Quantifying ammonium, nitrogen and phosphorous concentrations in urine and 

faecal samples (Jorgensen et al, 2013), as well as analysing animal ammonia and greenhouse 

gas emissions (Mostafa et al, 2020), would determine if the provision of additional nutrients 

through intervention resulted in increased nitrogen excretion and potential environmental 

contamination.  Although intervention strategies had a minimal effect on carcass 

composition, it would be of benefit to establish if these techniques had any impact on meat 

quality.  Indeed a faster growth rate, as expressed by animals offered effective intervention, 

has previously been linked to improved meat tenderness (Wood et al, 2009).  Furthermore, it 

is important to establish if the improved growth performance in Low BW pigs following 
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intervention alleviated the poorer lean meat percentage, drip loss and water holding capacity 

commonly associated with these animals (Pardo et al, 2013; Bee, 2004; Rehfeldt et al, 2008). 

Whilst intervention strategies effectively improved average performance of Low BW pigs, 

this was not effective for all animals within the population.  Hence fundamental and applied 

research is required to improve understanding of animal growth and use this to target a 

reduced variation amongst Low BW pigs.  Firstly, analysis of plasma concentration of amino 

acids and other metabolites such as urea, nitrogen, glucose and cholesterol may improve 

understanding of metabolic changes induced by intervention strategies (Decaluwe et al, 

2014).  Furthermore, transcriptomic analysis could be employed to monitor animal gene 

expression and how this is altered under different physiological conditions.  For example, Liu 

et al (2016) used an exogenous GLP-2 injection to counteract upregulated gene expression 

levels of pro-apoptotic factors and downregulated expression of anti-apoptotic factors in 

nutrient restricted Low BW animals to restore intestinal function to that of normal pigs.  

Recent work by Pereira et al (2018) has shown downregulation of specific myogenic factors 

delays skeletal muscle myogenesis in compromised pigs.  If a similar approach could be 

adopted to that used in Liu (2016), whereby stimulants for the upregulation of these genes are 

identified, it could have profound implications for growth of Low BW animals.    

Finally, extensive work has been conducted on the use of morphological traits at birth, such 

as head shape and bulging eyes, to identify piglets at greatest risk of achieving poor growth 

performance (Hales et al, 2013; Amidi et al, 2013; Hansen et al, 2018).  However parameters 

which can be used to identify and address poorly performing animals at weaning remain 

poorly studied.  Meng et al (2017) demonstrated how lean growth rate is the consequence of 

many complex interactions between multiple genes and hence the use of genetic analysis to 

identify high growth potential pigs remains unsuitable for widespread use.  Furthermore, 

whilst weaning weight is a key factor for predicting lifetime growth, it is not conclusive for 
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all animals when predicting growth potential (Douglas et al, 2014d).  A range of factors 

including litter size at birth (Beaulieu et al, 2010), parity of birth mother (Milligan et al, 

2001) and seasonality (Koscinski et al, 2009) have also been linked to animal lifetime 

performance.  Further work within the commercial setting is required to improve knowledge 

on growth patterns and physical traits expressed by Low BW pigs at greatest risk of 

performing poorly at weaning, enabling identification for additional treatment or removal 

from production. 
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