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Summary

This paper reviews the literature comparing growth performance, car-

cass, and meat quality data between barrows and boars. Compared with

barrows, boars have reduced feed intake, improved feed efficiency, less

backfat, higher nitrogen retention, and leaner carcasses. Growth rate of

boars will be higher than that of barrows if adequate dietary amino acids

are supplied. The improved growth performance and carcass characteris-

tics of boars are primarily due to the anabolic effects of androgens and

estrogen produced in the testis. However, administering manufactured

anabolic agents, androgens, and estrogens to barrows has not yet been

shown to improve growth and carcass in swine.
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ncreased consumer demands for lean pork and heightened aware-
ness of production efficiency have stimulated the pork industry to
investigate new strategies to improve lean accretion in pigs being

raised to slaughter. Repartitioning agents such as porcine somatotro-
pin or growth hormone (GH), ractopamine, and cimaterol can greatly
improve growth rate and feed efficiency, increase lean tissue, and de-
crease fat deposition.1–3 However, there are some problems with GH.
Studies that treated pigs with GH have reported a significant decrease
in the tenderness, juiciness, and flavor of pork chops.4–5 Also, pigs
treated with GH have increased incidence of pale, soft, and exudative
(PSE) pork.6–8 Joint strength and joint soundness is reduced in pigs
treated with GH,9 and increased incidence and severity of osteochon-
drosis has been reported.10 Furthermore, meat tenderness has been
reported to decrease in pigs treated with certain β-adrenergic
repartioning agents, such as cimaterol.11

Traditionally in most areas of the world, male piglets are castrated
shortly after birth despite the fact that intact males are widely reported
to have improved feed efficiency and lean accretion over castrated
males. Castrating male farm animals is an ancient custom dating back
almost as far as human domestication of animals,12 first recorded be-
tween the 16th and 11th century BCE in the Chinese Shang Dynasty.13

Several countries, such as Denmark, Britain, Spain, Australia, and New
Zealand, currently raise entire males for pork. The European Eco-
nomic Community (EEC) has passed a regulation (64/433/EEC, 1993)
that allows intact male pigs to be reared to 80 kg (176 lb) carcass
weight throughout the union countries.14 Carcasses above 80 kg (176
lb) must be tested for odor or taint. In most other countries (including
the United States), however, all male pigs not destined for breeding are
usually castrated at a young age.

In this review, we discuss the literature comparing growth perfor-
mance, carcass characteristics, and meat quality of boars and barrows.
We also review the other benefits of rearing boars over barrows.

Improved growth
performance of intact
male pigs

The relative feed efficiency of boars and barrows reported in the litera-
ture has been consistent (Table 1). In general, boars appear to use
feed more efficiently than their barrow littermates. Compared with bar-
rows, feed efficiency improvements in boars range from 2.6%–32.1%
under various rearing conditions, thus saving 1.8–27 kg (4–60 lb) of
feed during the grow-finish period compared to barrows.

The findings on growth rate of boars relative to barrows have been in-
consistent. Some researchers found that boars grew faster.15–19 Others
did not observe a difference in growth rate between boars and bar-
rows,20–25 and some observed that boars had a lower growth rate than
barrows.26–28.

Several factors can influence growth rate in swine and thus should be
taken into consideration when the growth rate is compared between
boars and barrows. These factors include dietary levels of protein and
amino acids, energy intake, age at castration, slaughter weight, and
management. The inconsistency of findings in the literature is un-
doubtedly due at least in part to variability among these factors across
studies.

Dietary levels of protein and amino acids
Current literature indicates that boars need more nutrient-dense diets
than littermate barrows to achieve improved growth. Current NRC
requirements29 are established for barrows and gilts. Increased con-
centrations of dietary protein over these NRC requirements favor
boars, especially at a heavier weight.30 Daily weight gain of boars was
reported to be the same as that of barrows on a conventional diet, but
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boars grew faster than barrows on a higher-protein diet.31 Many
experiments have been conducted to determine influences of various
dietary protein levels on the growth rate of boars and barrows. The
average daily gain (ADG) of boars increased linearly with increasing
dietary protein levels ranging from 14%–22% in the growing period
up to 55 kg (14 lb) liveweight and from 14%–18% in the finishing pe-
riod up to 100 kg (220 lb), followed by a decline in gain at 24% or
higher protein levels.20,32–35

Lysine is the first limiting amino acid for growing pigs fed corn-soy di-
ets. Boars require a higher level of dietary lysine than barrows.30–32,36

Significant reductions in growth rate, feed efficiency, and nitrogen re-
tention are evident in boars fed low-lysine diets (0.47%–0.60%).
When bodyweight is between 25–55 kg (55–124 lb), there is a linear
increase in the growth rate and improved feed:gain ratio (F:G) as di-
etary lysine concentrations increase from 0.75% to 1.11%.21,35,36 The
concentration of lysine required to achieve maximum gain in boars is
about 11.8 g per kg (25 g per lb) when bodyweight is between 25–55
kg (55–124 lb). Barrows and gilts require lower lysine concentrations
when in the same range of bodyweight.37 During the 50–90 kg (110–
198 lb) liveweight phase of growth in boars, there is a linear response
for the growth rate, F:G, and carcass lean proportions when lysine con-

centrations are increased up to 9.1 g per kg (20 g per lb) with a daily
lysine intake of 22.9 g per kg (50 g per lb) for boars.38 It is important
to remember that amino acid requirements vary among boars as well
as among barrows due to differences in genetic lines, health status,
environment, etc.

An excessive protein intake may also result  in depressed boar growth
performance.32,35,39,40 Besides the reduced voluntary feed intake, the
growth-decreasing effect of high-protein diets is partly due to the re-
duced energy value of diets with increased protein concentrations.41,42

Excess protein intake causes a high rate of protein turnover, increased
muscle respiration43 and increased visceral organ mass,44,45 which
contribute to increased heat production.46 It appears that a supply of
protein in excess of requirements reduces the net energy available to
animals, which in turn depresses the rates of deposition of protein and
water, and to a lesser extent, the deposition of fat.35,40 The same effect
has been observed in castrated male pigs given high protein diets ad
libitum.47

Energy intake
When fed ad libitum, barrows consumed more feed than boars and ex-
hibited a liveweight gain similar to that of boars.48 When energy intake
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Table 1

Average daily gain (ADG) and feed : gain ratio (F:G) of boars and barrows

* Mean of boars and barrows
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was restricted, boars grew faster than barrows from 45–90 kg (100–
200 lb) liveweight.48 It is clear that boars grow faster than barrows
when fed restricted diets, and barrows grow faster than boars when fed
ad libitum.49,50 The association of growth rate with feeding patterns is
probably related to appetite. Several researchers have reported that
barrows have greater appetites than boars,15,20,26,50 i.e., they have in-
creased daily feed intake compared to boars when animals are given
free access to feed. The difference in appetites is profound from 55 kg
(121 lb) liveweight onwards.21 A dramatic increase in backfat thick-
ness of barrows from 56 kg (123 lb) liveweight (120 days old) has
been reported, but this increase did not occur in entire males.28 Fur-
ther research needs to be conducted to determine whether the differ-
ences in body composition between boars and barrows are due to feed
intake, or vice versa.

Age at castration
Age at castration may affect growth performance of barrows. It seems
that superior muscle growth in entire males is manifested only when
animals are approaching puberty. Castration did not affect liveweight
or total soft tissue protein content when performed at 1, 2, or 4 weeks
of age.51 In barrows that had been castrated at 15 and 40 kg (33 and
88 lb) bodyweight, skeletal muscle protein accretion did not differ
from that of boars 5 weeks after castration. There was no difference in
ADG among barrows castrated at birth or at 6, 12, 16, and 20 weeks of
age52 and at 3–4, 9–10, and 15–16 weeks of age.53 Average feed in-
take of barrows castrated at 16 and 20 weeks of age was decreased
compared with those castrated at birth or at 6 and 12 weeks of age.52

In contrast, postpubertal boars had greater muscle protein accretion
rates than barrows that were castrated at 75 kg (165 lb) liveweight.54

Slaughter weight
In many European countries, 90–100 kg (198 – 220 lb) liveweight has
been regarded as the optimal slaughter weight. In the United States,
however, slaughter weights tend to be heavier, and slaughter at 120–
130 kg (264–286 lb) is not uncommon. In a Swedish study of two ge-
netic lines (Landrace and Yorkshire),55 boars reached slaughter
weights of 90, 110, and 130 kg (198, 242, and 286 lb) earlier than
barrows and gilts. The magnitude of the differences in age to attain a
given slaughter weight are greater between barrows and boars as
bodyweight increases. Boars attained a slaughter weight of 110 kg
(242 lb) 10 days sooner than barrows.55 When fed to higher slaughter
weights (e.g., 130 kg/286 lb), boars had 10% higher ADG than bar-
rows. Boars had better feed efficiency than barrows from 70–130 kg
(154–286 lb) bodyweight. The ADG of barrows reached a maximum
from 70 to 90 kg (154 to 198 lb) liveweight, after which their ADG de-
creased. In boars, ADG peaked at a bodyweight 10 kg (22 lb) heavier
than for barrows, and the magnitude of the subsequent decrease in
ADG was smaller in boars compared to barrows after that weight.15,55

In a similar study in the United States,24 ADG of barrows was slightly
greater than boars until 76 kg (167 lb) liveweight (17 weeks old),
when it plateaued. Boars reached the maximum rate of gain at 87 kg
(192 lb) (20 weeks old). Thus, the bodyweight at which ADG peaked
was 11 kg (24 lb) heavier for boars than for barrows.

Rates of nitrogen deposition also appear to differ between barrows and

Table 2

Carcass characteristics of boars and barrows
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boars. The rate at which nitrogen was deposited responded quadrati-
cally over time for both boars and barrows as they gained weight,
reaching a maximum for boars at a liveweight of 60 kg (132 lb) and
for barrows at 55 kg (121 lb).56 The difference in weight/age of maxi-
mum growth rate and nitrogen deposition between boars and barrows
is another explanation for the inconsistencies of growth rate found in
the literature.

Management
Floor space and group size affect the growth rate of pigs. The ADG of
pigs with a floor space of 0.34 m2 (3.7 ft2) per pig was reduced com-
pared to pigs that had 0.68 or 1.01 m2 (7.3 or 10.9 ft2) per pig.57

Meunier-Salaun, et al.,57 determined the optimal range of floor space
to ensure optimal performance. We speculated that pig density may
have been a primary factor causing reduced ADG of boars compared to
barrows in some studies.28 Aggressive behavior increases when group
size and pig density increase.58 Swine with higher concentrations of
salivary androstenone are more aggressive than those with lower con-
centrations.59 Group size (40 pigs per pen)28 may influence growth
rate of boars because they have higher concentrations of androstenone
than barrows.

No management problems were reported when boars and gilts were
raised together up to bodyweights of 81, 93, and 110 kg (178, 205, and
242 lb). At heavier weights, growth performance was slightly reduced for
the boar/gilt groups compared to mixed barrows and gilts.60,61

Carcass comparison

Reports in the literature of carcass comparisons between boars and
barrows are consistent (Table 2). Boars have less backfat,16,20 longer

carcass length,24,62 and a larger longissimus muscle area than do bar-
rows.21,22,30 Barrows tend to have a higher dressing percentage com-
pared with their contemporary intact males, due partly to the higher
genitalia weight of boars.20,60–64

Boar carcasses have more lean meat, less fat, more bone, and more
skin compared to barrows (Table 3). The carcass composition of gilts
is intermediate between boars and barrows. Ratio of bone:muscle is
relatively constant at between 1:5.4 and 1:5.6 in boars and barrows.20

Boar carcasses contain more water and protein and less fat than those
of barrows (Table 4).

Lean meat
Boars retain a higher percentage of nitrogen intake and of digested ni-
trogen than barrows when they are given a diet with concentrations of
amino acids that support the higher nitrogen retention.36,40 Castration
reduced the ceiling for protein deposition in one study by 30%, from
128 to 85 g (4.5 to 3.0 oz) per day.48 Castrated male pigs have an in-
herently lower capacity for protein deposition and a higher rate of fat
accretion, and thus require less dietary protein and amino acids to
support maximum growth than entire males.20,34,36–38,65

Proportions of lean meat and adipose tissue in the carcass are affected
by the interaction between gender and amino acid levels. The amino
acid requirements for lean accretion is higher for boars than for bar-
row littermates.30,31 Dressing percentage decreases at a similar rate
for both boars and barrows as dietary protein increases.63,66,67

With an adequate protein and lysine diet, protein deposition of boars
increased linearly with increased energy intake up to 7.9 mcal DE per
day, and then remained constant when feed intake was at 120 g per day
thereafter. The response in barrows was similar to that of boars, but
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Table 3

Carcass composition of boars and barrows

Table 4

Chemical compositions in carcasses of boars and barrows

* Mean of boars and barrows

* Mean of boars and barrows
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protein deposition in barrows reached a maximum value of only 85 g
per day.48

Rearing pigs to heavier slaughter weights results in a lower percentage
of lean meat in carcasses. The effect of slaughter weight on lean per-
centage is, however, not the same in barrows, gilts, and boars. Lean
percentage in barrows and gilts is more influenced by weight at slaugh-
ter, while in boars slaughter weight is less of a factor in lean percent-
age.55 At 90 kg (200 lb) liveweight, each Landrace boar produced 3.7
kg (8.1 lb)more lean meat than did a 90-kg (200-lb) barrow. The
magnitude of the difference between boars and barrows increased as
slaughter weight increased. At 130 kg (286 lb) liveweight, boars had 7
kg (15.4 lb) more lean meat than barrows. With a higher lean meat
content in boar carcasses, the content of fat in boars is lower than that
in barrows.49,55 For all traits, gilts were intermediate between barrows
and boars. As liveweight of boars increased from 105 to 145 kg (230
to 320 lb), carcass length, tenth rib backfat thickness, longissimus
muscle area, and longissimus weight increased linearly. Proportion of
moisture and protein in the soft tissue decreased while ether extract
increased as liveweight increased in boars (Table 5).

Fat tissue
Boars have been reported to have softer fat than barrows.68,69 Soft fat
fails to “set” properly after chilling, as tissue separates between the fat-
fat or fat-muscle interfaces.70 Edwards, et al.,71 reported that the gen-
der effects on soft fat are not evident when fat hardness is adjusted for
fat thickness. However, Dransfield and Kempster72 observed that boars
have softer fat than gilts and barrows even after adjusting for fat thick-
ness. Leaner pigs have softer fat, but castration had no effect on fat
hardness in pigs at 68 kg (150 lb).73

Backfat from intact males, compared with
barrows and gilts, has a relatively higher pro-
portion of unsaturated fatty acids, mainly li-
noleic acid.52,74 The highest proportion of
saturated acids are observed in barrows,
mainly due to a higher palmitic acid content.
Gilts are intermediate between barrows and
boars.70,75,76 It has been suggested that this
difference may result in a softer backfat and
marbling of boars. In all sexes, palmitic,
stearic, oleic, and linoleic acids are the major
fatty acids and amount to over 90% of the to-
tal fatty acids in the backfat.77

Bone and skin
Boars have heavier bones than barrows at the
same slaughter weights. The difference in
bone content between boars and barrows is
approximately the same at several slaughter
weights.55,78,79 With increasing weight, the
percentage of bone decreases. The greater

proportion of bone may be due, at least in part, to the anabolic effect
of sexual hormones, such as testosterone, on the growth rate of spe-
cific bones and body components.

Boars have thicker skin than barrows.17,18,80,81 The dermis above the
first lumbar vertebra in boars was 0.82 mm (0.03 inches) thicker than
that in barrows (3.76 versus 2.94 mm, 0.15 versus 0.12 inches) at 90
kg (200 lb) liveweight in the Landrace genotype.80 In addition to the
difference in thickness, the dermis of barrows has a finer structure
than that of boars. Sebaceous glands in barrows are poorly
developed.80

Meat quality
Weight loss through exudate or drip is an economically important
meat quality trait in pigs.82 Carcass pH values at 45 minutes (pH45)
and 24 hours (pHu) post slaughter are widely used as indirect mea-
surements of incidence of PSE and dark, firm, and dry (DFD) meat
quality defects. Abnormally low pH45 values are associated with PSE
while abnormally high pHu values typically occur in DFD meat. Pork
with a pH45 < 6.1 has higher water drip while pork with a pH45 > 6.1
has improved water holding capacity and less water drip.83 Boars have
been reported to have higher pHu values than barrows.84 In boars held
overnight after transport before slaughter, pH values and DFD fre-
quency were higher compared with barrows.85,86 During preslaughter
holding, physical activity is associated mainly with aggressive behavior.
Entire males tend to be more aggressive than barrows. There is no dif-
ference in DFD and PSE frequencies between boars and barrows when
less than 4 hours elapse from farm to slaughter.75
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Table 5

Characteristics and components of carcasses and chemical composition of
soft tissue in boars slaughtered at different weights

Source: Knudson et al., 1985 81
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Other advantages of rearing
intact males

Genetic selection
Because most male pigs are castrated at young ages, breeding stock
must be selected at an early age before their true genetic potential can
be accurately assessed and only a limited number of boars are tested
for genetic improvement. If boars were reared for meat, genetic com-
panies would have larger populations for genetic selection.

Castration and animal welfare
Raising boars removes labor input for castration. Castration is believed
to be stressful and painful to the animals, which raises ethical and wel-
fare concerns.87 Legal restrictions on animal welfare are already in
place in some European countries.88

Efficiency of nutrient use
Swine farm waste and related odor are becoming serious issues in the
swine industry, particularly in the top pig production states, such as
Iowa and North Carolina.89,90 It was recognized that animal produc-
tion causes almost 90% of the total NH3 emission.91 In Denmark, ni-
trogen content in manure has been used for determining the amount of
manure applied per hectare of land.92 Since boars have improved feed
efficiency and nitrogen retention compared with barrows,36,40,56

avoiding castration would improve nitrogen utilization in swine pro-
duction systems.

Financial return
Packers pay a much lower price for boar carcasses than carcasses
from barrows. In recent upper Midwest markets, packers paid ap-
proximately $0.22 per kg ($0.10 per lb) of carcass weight less for
boars than barrows produced from the same genetic company, indicat-
ing that producers will receive $22–$28 less for a boar than a bar-
row—a considerable economic loss for producers. If boars were sold
at the same price as barrows, based on our data,28 each boar would
net $5–$20 more than a barrow because of improved feed efficiency
and lean proportion in carcasses.

Anabolic effect of gonadal
steroids

The superior performance and carcasses of boars relative to barrows
are explained by the anabolic effect of gonadal steroids. Anabolic
agents used in beef cattle result in increased feed intake, daily weight
gain, and carcass lean proportion, and decreased F:G.93,94 However,
when administered after castration, manufactured anabolic agents, ex-
ogenous androgens or/and estrogens had negligible effects on growth
performance in pigs in some studies,95–104 and positive effects on
growth performance in other studies.105 The reason for interspecies
variation in the effects of anabolic agents is not yet determined.

Implications

• Intact male pigs have improved feed efficiency and a higher propor-
tion of lean tissue than castrated males.

• Intact males grow faster than barrows when diets with adequate
concentrations of protein and amino acids are supplied.

• Producers will receive a higher net financial benefit from rearing
intact male pigs than that from barrows if boars and barrows were
sold at the same price.
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