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genetics and management

IntroductIon
the swine industry has experienced tremendous change 
in recent years. annual productivity continues to increase 
rapidly due to increased litter size and heavier market 
weights. the increase in litter size has potential nega-
tive ramifications on fetal muscle fiber development and 
subsequent meat quality. Increased feeding of ethanol by-
products (ex. DDGS and other high fiber ingredients) de-
crease carcass yields and change the fatty acid profile of 
pork. The use of carcass modifiers, such as ractopamine, 
and the recent approval of immunological castration will 
provide further challenges and opportunities. Production 
systems are adapting their feeding regimens, marketing 
programs, genetics, and other management practices to 
fit specific end market targets (ie. different processors). 
Depending on market outlet, this can result in a wide dis-
parity in cost of production. These industry changes and 
potential ramification on producer profitability and down-
stream carcass traits are the focus of this paper. As swine 
nutritionists and Extension Swine Specialists, most of our 
work is on the live production side and thus, the focus of 
the discussion will be from that perspective.

GenetIc chanGes and lItter sIze
Although genetic technology is the focus of another pre-
sentation in this session, any discussion on changes in the 
swine industry must include the rapid progress in genetic 
improvement. The days of three breed rotational breeding 
programs and simple, single trait selection for character-
istics such as backfat are long gone. Almost the entire in-
dustry has moved to commercial breeding stock suppliers 
who use a nucleus and multiplier-based system with ma-
ternal line genetics used for the sow herd matched with 
specific terminal sire lines. Most sows are at least 50% 
Landrace with Yorkshire × Landrace being the most com-
mon sow used in commercial herds. These sows are bred 
to Pietran- or Duroc-based lines as the dominant terminal 
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sires although Hampshire-based lines are still being used 
by some producers.

This focus on maternal and terminal line genetics has 
allowed the industry to increase productivity at a rapid 
rate. After very little change before 1997, pigs per litter 
has steadily climbed at the rate of 0.12 to 0.13 pigs per 
litter for the last 15 years. As a result, the entire U.S. in-
dustry has increased pigs weaned per litter from 8.6 in 
2001 to just over 10.0 pigs at the end of 2011 (Figure 1). 
A recent National Pork Board study using data from 1.8 
million sows in North America found that in 2005, total 
born and number born alive  were 11.82 and 10.77 pigs 
per litter, respectively (Knauer and Hostetler, 2012). In 
2010, total born and number of pigs born alive increased 
to 13.03 and 11.83, respectively. Impressively, pigs per 
mated female per year increased at a rate of 0.44 pigs per 
year from 21.5 in 2005 to 23.6 in 2010 (Table 1). This is 
a phenomenal rate of improvement in reproductive per-
formance and the corresponding R2 of 0.99 indicates the 
consistency of year over year improvement in these traits. 
The rate of improvement also suggests that litter size will 
continue to increase as long as genetic selection for this 
trait continues.

What does selection for hyper-prolific sows and the 
subsequent increase in litter size mean to meat scientists? 

Figure 1. Pigs weaned per litter (usda ars, 2011)
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Foxcroft et al. (2006) describes the negative influence of 
increased litter size on muscle fiber development and 
growth retardation in a portion of the piglets. This leads to 
increased variability in birth weight and postnatal growth. 
As litter size increases, birth weight decreases linearly. 
Light weight pigs at birth are slower growing and less 
feed efficient than heavy birth weight pigs (Gondret et al., 
2004; Nissen et al., 2004; Berard et al., 2008). The light-
est pigs at birth have a lower total number of myofibers, 
percentage of muscle tissue, total protein, total fat and 
semitendinosus weight while the percentages of internal 
organs, skin, bone, and total water are highest compared 
to their heavier littermates (Rehfeldt et al., 2004). The size 
of the myofibers is much larger in these lightweight pigs, 
which may be associated with greater longissimus drip 
loss compared with heavy birth weight pigs (Rehfeldt et 
al., 2004). Gondret et al., (2006) also demonstrated that 
the large muscle fiber area in pigs with a low birth weight 
was at least partly responsible for decreased tenderness of 
meat from these pigs. The light birth weight pigs also had 
greater activity of fatty acid synthase and malic enzyme in 
backfat and enlarged subcutaneous adipocytes compared 
with heavy birth weight pigs.

these studies raise concern in the industry that the con-
tinued selection for larger litter sizes will lead to slower 
growth and poorer feed efficiency, and could lead to meat 
quality issues. Most of these studies were conducted com-
paring the lightest and heaviest pigs within the litter. two 
recent studies explored the litter size question more direct-
ly by separating the effects of birth weight and litter size 
(Berard et al., 2008; Beaulieu et al., 2010). These studies 
concluded that increasing litter size will reduce average pig 
birth weight, which impacts growth rate and feed efficiency; 
however, increasing litter size had very little effect on meat 
quality. The impact of selection for litter size on meat qual-
ity may vary with genotype. Foxcroft et al., (2006) suggest 
that hyperprolific lines with high ovulation rates and associ-
ated high in utero fetal mortality leads to higher variation in 
piglet birth weight as opposed to sows with more moderate 
ovulation rates and lower in utero fetal mortality. This is a 
fertile area of discussion in the swine industry. 

table 1. Changes in swine productivity from 2005 to 2010 (Knauer and Hostetler, 2012)

averages 2005 2006 2007 2008 2009 2010 slope r2

sow productivity        
  Pigs weaned per litter 9.30 9.39 9.55 9.72 9.98 10.08 0.16 0.97
  Preweaning mortality, % 13.7 14.1 14.0 14.2 14.0 14.8 0.15 0.62
  Pigs per mated female 21.5 21.9 22.4 22.9 23.4 23.6 0.44 0.99

Finisher, 23 to 118 kg        
  Mortality, % 6.67 6.28 7.12 5.95 5.42 5.23 -0.31 0.65
  Exit weight, kg 117.7 116.9 117.8 117.9 118.8 119.9 0.5 0.74
  Average daily gain, g 735 763 799 785 799 799 14 0.69
  Feed efficiency 2.83 2.77 2.77 2.80 2.74 2.75 -0.01 0.56
  Caloric efficiency,  kcal/kg gain 9,403 9,361 9,233 9,220 9,259 9,467 0.18 0.00

Figure 2. average pig carcass weight in united states.

steady Increase In market weIGht
Besides the increase in sow productivity, the next most 
consistent long-term trend in the swine industry has been 
the increase in carcass weights. In the short term, live pig 
weights have increased by 0.5 kg per year for the last six 
years. Figure 2 illustrates that this trend has been longer 
than the increase in sow productivity with carcass weights 
increasing steadily for over 50 years. Most swine produc-
tion systems are constrained by time or weeks they have 
to raise a group of pigs to market weight. For example, 
a system may have only 24 weeks, or a fixed amount of 
time, to get a pig from weaning to 275 lb or heavier before 
the barn must be emptied to allow another group of pigs 
to enter the barn. In almost all cases, the days available for 
pig growth within a production system have not increased. 
Thus, the increase in market weight is mostly driven by 
an increase in growth rate with leaner, heavier muscled 
modern genotypes. Similar to the decision for processors 
to increase target weights to spread fixed costs of process-
ing a pig over more total weight, producers lower their 
fixed costs per unit of weight gain by increasing market 
weights. The improved feed efficiency of lean genetics al-
lows producers to economically increase target weights 
just as processors have increased their weight targets.
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Figure 3. corn usage by category (source: steve meyer, 
Paragon economics, Inc.).

Increased use oF byProducts From 
ethanol and Food ProductIon In 

swIne dIets. 
One of the greatest changes impacting the cost of produc-
tion of all segments of the livestock industry in the last 
10 years has been the increased use of corn for ethanol 
production (Figure 3). On a percentage basis, corn used 
for feed has decreased from over 50% to approximately 
35% while corn usage for ethanol production is nearing 
40% of U.S. production. This change in corn supply for 
feed has required livestock producers to explore alterna-
tive feed ingredients for use in diets.

the main alternative ingredient used in pig diets is the 
byproducts of ethanol production, most notably, dried 
distillers grains with solubles (DDGS). Other ingredients, 
such as bakery byproducts and flour milling byproducts 
(ex. wheat middlings) also are often used as energy sourc-
es. The increased use of these byproducts in swine diets 
add two components to the diet, unsaturated fat and fiber, 
that can greatly impact the product delivered to the pro-
cessor.

Stein and Shurson (2009) reviewed the effects of feed-
ing DDGS on pig performance and carcass and fat quality. 
In short, increasing dietary DDGS reduces dressing per-
centage and belly firmness, and increases iodine value of 
fat stores. The influence of DDGS on other carcass mea-
surements, such as backfat and loin depth, is dependent 
on whether ADG and ADFI are reduced when DDGS are 
added to the diet. If ADG is not reduced, backfat and loin 
depth and belly thickness is similar for pigs fed DDGS 
and those fed corn-soybean meal diets without DDGS. If 
ADG is reduced, their review indicated that belly thick-
ness, backfat thickness, and loin depth are all reduced. 
This observation is of particular interest because many 
new ethanol byproducts are lower in oil and higher in 
fiber content than conventional DDGS.

Adding unsaturated fat to the diet, especially linoleic 
acid (C18:2), increases the unsaturated fatty acid content 
of pork fat (Benz et al., 2011). Decreasing the feeding du-
ration of the unsaturated fat source lowers the content of 
fatty acids in the fat depot (Xu et al., 2010; Benz et al., 
2011). However, even long term removal of the fat source 
from the diet results in a more unsaturated fat than if the 
fat source was never added to the diet. This response has 
been demonstrated for soybean oil (Benz et al.; 2011), 
DDGS (Xu et al., 2010), and a combination of DDGS and 
wheat middlings (Asmus et al., 2011). Although data is 
not available, additions of bakery byproducts or other in-
gredients that increase the dietary content of unsaturated 
fats would be expected to produce a similar response. 

The changes in fat composition and belly firmness with 
the addition of DDGS are quite consistent; however, oth-
er quality measures are not affected as consistently. Leick 
et al. (2010) fed up to 60% DDGS and found that while 
DDGS altered belly characteristics that would influence 

bacon slicing, other traits like  bacon shelf life and loin 
quality were not substantially affected. Goehring (2010) 
found that feeding 20% DDGS reduced belly firmness 
and altered the fatty acid profile as expected, but did not 
affect belly processing or bacon sensory characteristics. 
Also feeding 20% DDGS, Widmer et al. (2008) also found 
no effect of DDGS, high protein DDG, or corn germ on 
cooking loss, shear force, and bacon distortion scores or 
the overall palatability of bacon and pork chops. 

Clearly fatty acid profiles and fat firmness are changed 
as an unsaturated fat source is added to the diet. The influ-
ence of this change on the product value varies by cus-
tomer. Thus, it is not surprising that some processors with 
strong Japanese export business and fresh belly customers 
are quite concerned with fat firmness. Other customers 
that predominantly market fresh pork to domestic mar-
kets or bellies for microwavable bacon are less concerned 
with fat firmness.

The fat content of DDGS products is changing rapid-
ly. ethanol processors are adopting new technologies to 
remove much of the oil from DDGS. While this change 
may alleviate a portion of the fat firmness concerns due 
to unsaturated fat, it will result in distiller byproducts 
with lower energy and, thus, less value for swine produc-
ers. Removing the fat concentrates the protein and fiber 
content. Increasing the fiber content in the diet increases 
the weight of the large intestine and lowers dressing per-
centage (Asmus et al., 2011). The influence of fiber on 
large intestine weight is the cause of decreased dressing 
percentage when DDGS is fed up to marketing time. Al-
though the effect on fat firmness by adding fiber to the 
diet is not as great as the impact of adding unsaturated fat, 
increasing the fiber content will still increase iodine value 
and result in slightly softer fat, as demonstrated by Asmus 
et al. (2012) when adding wheat middlings to the diet.
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ractoPamIne 
The effect of dietary ractopamine on pig performance has 
been well documented. Feeding 5 to 10 ppm of ractopa-
mine for 14 to 35 days before market increases growth 
rate and improves feed efficiency (Apple et al, 2007). The 
review of Apple et al. (2007) also found that dressing per-
centage, loin muscle area, and fat free lean index increased 
and tenth rib fat depth decreased as ractopamine level in 
the diet or feeding duration increased. Similarly, the feed 
efficiency response is dose dependent. With the recent in-
crease in feed cost and market price, the economic ben-
efit of ractopamine has increased due the improved value 
of the feed efficiency and carcass weight benefit. Thus, 
producers using ractopamine have increased the feeding 
duration and dosage compared with usage in the past.

Because feeding ractopamine increases carcass lean 
and decreases fat content, it also increases the degree 
of unsaturated fatty acids including increased linoleic 
acid content and total polyunsaturated fatty acids in loin 
muscle and backfat. However, the effect doesn’t appear 
to be consistent across all fat depots. The iodine value of 
subcutaneous fat stores, such as backfat increases by ap-
proximately 2 to 3 mg/g when 10 ppm ractopamine is fed 
for 35 d before market (Apple et al., 2008), whereas com-
position of fatty acids in loin muscle only appears to be 
significantly influenced when high levels of ractopamine 
(20 ppm) are fed (Apple et al., 2007).  Most experiments 
have found no negative effects of ractopamine on fresh 
pork color, firmness, or water holding capacity (Apple et 
al. (2007) or bacon and belly quality traits (Scramlin et al., 
2008). Some have found decreased marbling when feed-
ing ractopamine (Leick et al., 2010), but this response is 
not consistent (Apple et al., 2007).

Because ractopamine affects pig behavior, heart rate, 
catecholamine profile, and makes pigs more difficult to 
handle (Marchant-Forde et al., 2003), it makes pigs more 
susceptible to handling and transport stress. The swine 
industry must ensure handling practices are reviewed at 
the farm and processor level to minimize transport and 
handling related mortality and downer animals. the in-
creased feeding duration of ractopamine highlights the 
need for continual focus in this area.

ImmunoloGIcal castratIon 
immunological castration is not a new technology (dun-
shea et al.; 2001), but the recent approval in the United 
states and canada has renewed interest in the potential 
use. A key advantage of immunological castration is that 
the male pig retains the characteristics of an intact boar 
until the second immunization, about 4 to 6 weeks before 
marketing. Thus, the increased protein deposition, lean 
muscle mass and reduced fat deposition of boars improves 
overall feed conversion compared with conventional, 
physically castrated pigs. A recent review of 11 studies by 
Dunshea (unpublished) indicated that immunized males 
have improved ADG (149 g/d), F/G (0.35), live weight (2.2 

kg), and carcass weight (0.45 kg), and lower backfat (2.6 
mm), but also had lower dressing percentage (-1.63%) 
than barrows. The backfat and belly thickness of immu-
nological castrated pigs can be changed by increasing 
the feeding duration after the second vaccination. Feed 
intake increases rapidly after the second vaccination. 
Although feed efficiency continues to be improved at 
this stage compared to physically castrated pigs, fat and 
protein deposition are much greater for immunological 
castrated pigs allowing fat composition to be altered via 
feeding duration. Extending the feeding duration from 4 
to 6 weeks after the second vaccination reduces iodine 
value of fresh bellies to similar iodine values as physically 
castrated barrows (Boler et al., 2012). Increasing dietary 
lysine levels fed to immunological castrated males, above 
those normally fed to physically castrated pigs, also in-
creases carcass primal cutting yield (Boler et al., 2011). 
However, immunological castrated pigs also have thinner 
and less firm bellies (Boler et al., 2012) than their physi-
cally castrated counterparts.

The acceptability of immunological castration by U.S. 
pork processors will drive its application in the industry. 
The technology clearly works to control boar taint. Proper 
application within production and changes in processing 
plants to allow processing of immunological castrated 
pigs will determine whether the level of success of this 
technology.

Processor exPectatIons and 
requIrements 

Each processor in the U.S. pork industry has different ex-
pectations for products delivered to their facilities. This 
is based on the value of the products they produce and 
market. These different expectations result in signals sent 
to producers that determine final market weight, facility 
utilization, trucking cost, diet cost, genetic selection, bi-
osecurity, and labor requirements. 

Processors use weight discounts to encourage produc-
ers to market pigs closer to plant’s ideal weight range. A 
processor that has relatively low weight discounts is more 
forgiving to light or heavy weight pigs. This allows the pro-
ducer to market more pigs from initial loads from the barn, 
have fewer marketing events (the number of times groups 
of pigs are sold from a barn), and sell a greater percentage 
of their pigs to the primary market. Thus, facility utiliza-
tion is increased, market weight is increased, trucking and 
labor cost are reduced, and biosecurity is improved. The 
reduction in marketing events from a facility decreases the 
labor and trucking costs because there are fewer partial 
loads from the barn. This improves biosecurity because 
the partially-filled truck doesn’t have to go to another barn 
to fill the load, increasing the risk of disease transmission 
from one barn to another. It is difficult to easily place an 
economic value on some of these differences, especially 
for items such as biosecurity. However, it is easy to see 
8% or greater differences in facility utilization between 
production systems marketing to a processor with a “nar-
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row window” with higher weight discounts and produc-
tion systems marketing to a packer with a wider weight 
window. An 8% difference in facility utilization is worth 
about $3/pig space per year. Decreasing the weight dis-
counts also allows producers to market at heavier weights 
which lowers cost of production by spreading fixed costs 
over more total pounds of pork. 

The biggest value difference for producers is when 
pigs are marketed outside the optimal weight range for 
the processor. Using the example in Figure 4, a semi-load 
of pigs marketed 15 lb above the optimal market weight 
would have a discount of approximately $1.50/pig for the 
packer with a wide weight window. For the packer with 
the narrow weight window, marketing pigs at 15 lb above 
the ideal weight would result in a discount of approxi-
mately $6.00/pig. The wide weight window is much more 
forgiving for loads marketed above or below the optimal 
market weight.

Requiring certain fat traits (ex. iodine value in belly or 
jowl fat) influences diet formulation and can result in in-
creased cost of production. Because quantity of DDGS, 
bakery products, or other ingredients are limited by fat 
targets for one processor, but not for others, diet formula-
tions and feed costs can vary greatly for producers market-
ing to the different processors. For example, one producer 
may need to limit their DDGS inclusion rate to 15% of 
the diet to meet low iodine value targets. another pro-
ducer without those requirements may be able to feed 30 
to 40% DDGS in most of their finishing diets. At current 
costs, the result is a $2.50 to 4.00 per pig difference in 
production cost due to differences in feed cost.

Genetic source requirements are another area where 
one processor may differ from another. A terminal sire line 
may be prohibited by one processor, but allowed by an-
other processor. The prohibited sire line may have signifi-
cant advantages in live production (ex. reduced mortality 

and number of cull pigs) that more than offsets the re-
duced value for the processor. As a result, a genetic source 
requirement can dramatically increase a producer’s cost 
of production.

A final difference between processors can be their ac-
ceptance of technology such as ractopamine. With cur-
rent prices, feeding ractopamine can increase profitabil-
ity by $2 to 4/pig. Therefore, a producer marketing to a 
processor that does not allow ractopamine use must be 
paid a higher price to compensate for the reduced profit 
potential.

conclusIon
the swine industry continues to undergo rapid changes 
that impact production costs and the quality of pork deliv-
ered to the processor. this paper has touched upon some 
of the technology implemented by pork producers to help 
lower their cost of production. For example, litter size is 
increasing at 0.13 pigs per litter each year. While this is 
a benefit for the pork producer, it may negatively affect 
muscle fiber development which could lead to decreased 
pork quality. The increasing use of ethanol byproducts (ex. 
DDGS) has resulted in fat quality concerns, especially for 
export markets and belly processors. Yet again, this is an 
opportunity for the producer to help lower cost of produc-
tion by $2 to 4 per pig. Increases in feed cost also have 
resulted in the increased dose and feeding duration of rac-
topamine, which while profitable to the producer, makes 
pigs more susceptible to transport stress and elevates the 
need for proper handling techniques to minimize down-
er or fatigued pigs. Immunological castration provides a 
new challenge for producers and processors to determine 
whether they can capture the potential value of this tech-
nology. Finally, pork processors’ purchasing programs and 
specifications regarding ideal carcass weight ranges have 
led to major differences in barn utilization, feed cost, and 
cost of production for different swine producers.

The objective of my paper has been to try to educate 
meat scientists and processors about these technologies 
that are economically favorable to producers but may have 
negative ramifications on pork quality. U.S pork produc-
ers are some of the most efficient producers in the world. 
We all want to produce a safe, nutritious, and desirable 
product to feed the worlds growing need for protein. Our 
hope is that we can find compromise in cost structure for 
producers and pork quality for packers. Obviously, there 
is need for enhanced communication between pork pro-
ducers and packers to solve these issues.
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