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Summary

Lifetime performance and longevity

are very important parameters of prof-
itability in sow breeding. Opportunity

to improve lifetime performance and
longevity may be found in the rearing
period and preparation of gilts for their
future reproductive role. With the aim to
prevent premature culling, it is possible
to influence body condition, limb condi-
tion, mammary gland development, and
proper function of the reproductive tract
through nutrition, technology, and rear-
ing strategies. Nutrition plays a very im-
portant role, as it can affect all the basic
requirements for achieving satisfactory
gilt performance. Selecting the most ef-
fective rearing strategy can be difficult
because there are many factors affecting
performance and longevity. The aim of
this literature review is to provide up-
to-date information on how sow longev-
ity and performance can be influenced
through choice of gilt rearing strategies
and the important area of nutrition.
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Resumen - Impacto de la cria de prim-
erizas en la produccion y la longevidad
de la cerda - una revisién

La produccidén de por vida y la longevi-
dad son parametros muy importantes de
rentabilidad en la cria de las reproduc-
toras. La oportunidad de mejorar el ren-
dimiento y la longevidad de por vida se
puede encontrar en el periodo de criay
en la preparacién de las primerizas para
su futura funcién reproductora. Con el
objetivo de prevenir el desecho prema-
turo, es posible influir en la condicién
corporal, la condicién de las patas, el
desarrollo de la glandula mamaria, y

el funcionamiento adecuado del tracto
reproductivo a través de estrategias

de nutricién, tecnologia, y crianza. La
nutricién juega un papel muy impor-
tante, ya que puede afectar a todos los
requisitos bdsicos para lograr un des-
empeflo satisfactorio de las primerizas.
La seleccidn de la estrategia de cria mas
eficaz puede resultar dificil porque hay
muchos factores que afectan la produc-
cién y lalongevidad. El objetivo de esta
revision bibliografica es proporcionar
informacién actualizada sobre cémo se
puede influir en la longevidad y la pro-
duccién de las cerdas mediante la elec-
cién de estrategias de cria de las primer-
izas, y la importante drea de la nutricién.

Résumé - Impact de I'élevage des co-
chettes sur les performances et la lon-
gévité des truies - une revue

Les performances a vie et la longévité
sont des parametres trés importants de
la rentabilité de I'élevage des truies. La
période d'élevage et la préparation des
cochettes pour leur futur réle repro-
ducteur peuvent permettre d'améliorer
les performances a vie et la longévité.
Dans le but de prévenir l'abattage pré-
maturé, il est possible d'influencer 1'état
corporel, I'état des membres, le dével-
oppement de la glande mammaire, et le
bon fonctionnement de 'appareil repro-
ducteur grace a la nutrition, la technolo-
gie, et les stratégies d'élevage. La nutri-
tion joue un role trés important car elle
peut affecter toutes les exigences de base
pour obtenir des performances satisfai-
santes des cochettes. La sélection de la
stratégie d'élevage la plus efficace peut
étre difficile car de nombreux facteurs
affectent les performances et la longévi-
té. L'objectif de cette recension de la lit-
térature est de fournir des informations
ajour sur la facon dont la longévité et

la performance des truies peuvent étre
influencées par le choix des stratégies
d'élevage des cochettes et le domaine im-
portant de la nutrition.

longevity is a crucial indicator of sow

herd profitability. Therefore, it is im-
portant to create optimal conditions for
sows in the individual phases of their
reproductive cycles. Even as producers
can choose gilts in optimal physical con-
dition, with a sufficient number of teats,
and place them into a near-optimal en-
vironment, this still is no guarantee of

In addition to litter size and weight,

achieving breeding success and longev-
ity. It is important to begin giving special
attention to gilts much earlier as they are
being reared before inclusion into the
breeding herd to ensure appropriate body
development and onset of reproductive
functions.

Longevity is associated with the level
of culled sows. Although yearly re-
placement of 40% of sows is considered

economically advisable, it varies within
awide range (62% for some US farms in
2019)! and depends upon the conditions
and management of each herd. Even
higher yearly replacement levels can

be economically acceptable if breeding
herd females are sufficiently productive,
however, animal welfare and long-term
economic viability may be concerns
when replacement levels are above 50%.
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In a 2018 summary for the United States,
PigCHAMP reported a mean culling rate
of 45.06%.2 The total culling rate included
voluntary and involuntary culling. For
voluntary culling, Mote et al® recom-
mended obtaining at least three litters
from each sow to return the investment
in the sow. Selecting sows that can re-
main in the breeding herd for a longer
time is beneficial for reproductive per-
formance. The authors assume that the
main reasons for culling do not change
substantially over time, and this has been
documented by publications over the
years. Friendship et al* cited reproduc-
tive disorders (43%), limb problems (12%),
and low performance (7%) among the
most frequent causes for culling. Stupka
et al’ reported the most frequent causes
for culling from farms to be reproduc-
tive issues (44%), musculoskeletal issues
(19%), and other reasons such as milk
production, health condition, and age
(28%). Hadas et al® performed an evalua-
tion according to parity order and found
the highest levels of culling were reached
after the first and second parities, with
22% or 21% of sows culled from the sow
herd, respectively, with reproductive
failures (34%), musculoskeletal disorders
(27%), and poor performance (18%) being
the most frequent causes of culling. Poor
mammary gland condition and health
condition each represented less than 10%
of the cases.® The percentage of sows
culled and reason for culling are listed in
Table 1. These reasons for culling indicate
the areas that present room for improve-
ment during the rearing and preparation
of gilts. However, high level of involun-
tary culling can also be an indicator of
poor staff skill or poor sow welfare.

Birth weight

Selection for improved prolificacy has
resulted in larger litter sizes and thereby
increased the proportion of low birth

weight (LBW) piglets.!? It is documented
that LBW piglets have poorer grow-finish
performance and carcass quality.I'4
Birth weight also has a relationship with
subsequent reproductive performance
in gilts. Almeida et al'® investigated the
effects of birth weight on reproductive
tract and ovarian follicle development

in 150-day-old gilts. Twenty-eight female
pigs of different birth weight ranges
(high birth weight [HBW]: 1.8-2.2 kg;
LBW: 0.8-1.2 kg) from higher-parity com-
mercial sows were reared until 150 days
of age. Their body weights (BW) were re-
corded at weaning, end of nursery, and
end of grower-finisher phases. The gilts
with LBW showed significantly lower BW
and slower average daily gain during all
phases of production compared to those
in the HBW group (P < .01). Most bio-
metrical measurements of the reproduc-
tive tract were similar between the ex-
perimental groups except vaginal length
and the gonadosomatic index (relative
ovarian weight) were affected by birth
weight class (P < .05). The LBW females
also showed fewer medium size (3-5 mm;
P <.01) ovarian follicles, tended to have
fewer pre-antral follicles (P < .07), and
more atretic follicles per ovarian cortex
area (P < .05). Therefore, in addition to
affecting postnatal growth performance,
birth weight influenced vaginal length
and the follicular dynamics, which may
impair the reproductive performance of
replacement gilts.

Similarly, Vallet et al'® found that total
uterine length was positively associated
with birth weights. Their results indi-
cate that colostrum consumption, birth
weights, preweaning growth rate, num-
ber weaned, and parity were associated
with gilt development traits during later
life.

Knauer'® found that greater piglet birth
weight was related to the proportion of
gilts farrowing a litter. Greater piglet
preweaning growth was related to the

proportion of gilts that farrowed a litter
and lifetime reproductive throughput.
Hence, management strategies that im-
prove colostrum production, milk pro-
duction, and preweaning piglet growth
should enhance subsequent lifetime
productivity. Increased weaning age by
1 day added to a gilt’s subsequent repro-
duction by 0.185 piglets/year, and gilts
that were crossfostered were 2.45% less
likely to farrow a litter.'

Mineral nutrition

It is well understood that nutrition plays
an integral role in the development of a
gilt. Gilts are to be bred rather than fat-
tened so diets designed for finisher pigs
may not meet the physiological needs of
the replacement gilt.l” Replacement gilts
in the grower-finisher phase should re-
ceive specifically designed diets. Modern
maternal line genotypes are more sensi-
tive to nutritional management because
their appetites are lower and they have
exceptional lean growth potential.!® To-
day’s gilts are therefore more susceptible
to deficiencies in nutrition, environ-
ment, and management.

To achieve better rearing performance
in sows and improved growth of their
pigs requires an adequate mineral sup-
ply, including trace elements. Founda-
tion and skeletal development, birth
weights, milk yield, and growth can

be negatively influenced when miner-
als do not meet the animal’s needs. Sow
requirements for calcium (Ca), phos-
phorus (P), sodium, and chlorine, as
well as zinc, iodine, and selenium are
not met by feeding natural plant feeds,
and so it is necessary that these be
supplemented.!®

One of the primary goals of replace-
ment gilt nutrition is to increase mineral
stores by maximizing bone mineraliza-
tion. Finisher pig diets may not supply

Table 1: The percentage of sows culled and reason for culling

Hadas et al® Engblom et al’ Balogh et al® Wang et al®
Reproductive failure 34.0 26.9 47.0 34.65
Feet and leg problems 27.0 8.6 25.0 10.53
Poor performance 18.0 9.5 NA 5.0
Udder problems 8.0 18.1 NA 6.71
old age 1.0 18.7 7.0 1.56
Other 10.0 NA 5.0 2.26

NA = not available
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the correct balance of minerals to satisfy
the nutritional requirements for repro-
ductive performance and for cartilage
and bone formation and integrity.?%?! It
is generally recommended that Ca and

P be provided at levels greater than typi-
cally found in the grower-finisher diets in
order to prevent females from experienc-
ing locomotion problems later on due to
excessive depletion of mineral stores dur-
ing lactation periods.?? Johnston?? states
that increasing bone mineralization has
been shown to boost longevity of sows.

In gilt development diets, a minimum
digestible Ca:P ratio of 1:1is needed, and
it varies depending on the P level. For
example, it may be 1.25:1if P meets the
recommendations for 50 to 80 kg of live
weight.?* Also, Ca recommendations

to maximize bone mineralization are
greater than for growth (less than 1.35:1
if the concentration of P is at the require-
ment).?> Even though growing gilts are
generally provided ad libitum access to
feed, the rapid growth rates in current
genetic lines and high incidence of leg
problems can lead to lameness. Lame-
ness disorders account for 22.5% of sow
cullings,?® and lameness is one of the
most important causes of reduced lon-
gevity and poor welfare in replacement
gilts. The problem is exacerbated by in-
appropriate housing and diet during the
rearing period.?” Attempts to improve
skeletal integrity by reducing growth rate
through energy restriction have not been
successful.?® The application of manage-
ment tools that are consistent with physi-
ological processes is therefore required to
reduce lameness issues.

A P deficiency can cause growth rate and
bone mineralization to be suboptimal,
albeit without effects on osteochondrosis
(OCD).?° Osteochondrosis is a frequent
cause of lameness and consequently a
reason for culling young sows. Genetic
selection could be used to reduce the
prevalence of OCD, although this may be
difficult initially because the growth po-
tential of lean tissue is genetically associ-
ated with OCD.% Other factors that could
influence OCD progression are not well
known. Heritability estimates of OCD
score were similar for both Landrace and
Yorkshire breeds, averaging about 0.21, in
a genetic study by Yazdi et al.?* The corre-
lations between breeding values for lon-
gevity and OCD were low (on average 0.07,
adjusted for genetic trends) but neverthe-
less significant (P < .01) and in a favorable
direction, as greater OCD was associated
with greater risk of being culled.

Faba et al®! supplemented the basic diet
of growing gilts with organic micro-
minerals (copper, manganese, and zinc

at 10, 20, and 50 mg/kg, respectively)

and observed this to enhance bone
strength and bone density. Another diet
with additional methionine (at a 102%
methionine:lysine ratio) increased the
proportion of highly dense bone (as mea-
sured by Hounsfield values). The combi-
nation of these two dietary treatments
reduced OCD lesion scores compared to
the basal diet.

Quinn et al'’ reported improved locomo-
tion scores, higher bone mineral density,
and lower cartilage lesion scores in gilts
fed a restricted diet formulated for fat
rather than lean deposition (with higher
energy content and lower lysine content
than a finisher diet) and with increased
levels of copper, zinc, and manganese.
Hartnett et al*’ used manganese, zinc,
and copper at 206%, 122%, and 179%,
respectively, of National Research Coun-
cil recommendations for gestating and
lactating sows. The benefits of supple-
menting these minerals could lead to
potential improvements in the lifetime
performance of replacement gilts and
the longevity of sows. There is clear indi-
cation that replacement gilts can benefit
in terms of limb health and their overall
welfare from being reared in female-on-
ly pens (as gilts reared with intact male
finisher pigs are exposed to high levels
of sexual mounting and aggression,
which may cause physical damage) and a
mineral-supplemented diet.?

Although nutritional deficiencies reduce
bone quality and can influence OCD,
inconsistent research findings in this
area raise questions as to the potential of
nutritional supplements. These dietary
measures can potentially act to prevent
OCD or reverse early stages of OCD, but
they cannot be used to heal advanced
stages of OCD. More research is needed
to understand OCD pathogenesis and
progression, and the interactions with
growth rate, genetics, and management.

Mammary gland

development

Another important factor for strong
breeding performance and longevity

is sufficient milk production. Improve-
ments in sow milk yields through the
years mostly have been achieved via
nutrition and management because a
recent study demonstrated that 21 years
of genetic selection (from 1977 to 1998)
increased piglet birth weight but had no
effect on sow milk yield.3? Therefore,

it is necessary to devise management
strategies that optimize milk yields, and

one possible way is to influence mam-
mary gland development. The number
of mammary cells present at the onset of
lactation has a major impact on potential
sow milk yield.3? Several studies have
shown that gilt nutrition in the periods
of rapid mammary accretion occur-

ring during prepuberty, gestation, and
lactation can affect mammary develop-
ment.3* Various nutritional treatments
can bring about a 27% to 52% increase in
mammary tissue weight. A study where
a 20% feed restriction was imposed in
the prepubertal period showed that
mammary parenchymal mass decreased
by 26.3%.3° Ad libitum feeding during the
prepubertal period increased mammary
parenchymal weight by 36% to 52%. It
was clearly established that feed restric-
tion from 90 days of age (but not before
90 days) until puberty had detrimental
effects on mammary development in

pigs.3®

According to Farmer et al,%” gilts that
were obese (36 mm backfat) or too lean
(12-15 mm backfat) in late gestation had
less-developed mammary tissue. Gilts of
similar BW at mating were fed different
amounts of feed throughout gestation
(1.30, 1.58, or 1.82 times maintenance
requirements) to achieve three levels of
backfat thickness (BF) on day 109 of ges-
tation, namely, 12 to 15 mm (lean), 17 to
19 mm (medium), and 21 to 26 mm (fat).
Parenchymal tissue mass was signifi-
cantly reduced in lean gilts, with 1059,
1370, and 1444 g, respectively, for lean,
medium, and fat gilts. These findings
demonstrate that, within this range of
body conditions, being too thin at the
end of gestation is detrimental for mam-
mary development, whereas medium or
fat body conditions had no negative im-
pact. Underfeeding should be avoided to
ensure maximal amount of parenchymal
tissue mass. Overfeeding energy in late
gestation also seems to be detrimental.
An experiment was carried out to study
the effect of protein intake during the
growing-finishing period on mammary
development in gilts.?® Reducing dietary
crude protein from 18.7% to 14.4% from
90 days of age until puberty did not af-
fect mammogenesis. Neither the amount
of parenchymal tissue nor the composi-
tion of mammary parenchyma was al-
tered. This suggests that total feed intake
is more important than protein intake to
ensure proper mammary development
of growing gilts.

Even though research has been conducted
to evaluate the nutritional control of mam-
mogenesis in pigs, it is evident that much
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remains to be learned before the best nu-
tritional strategy to enhance mammary
development can be formulated. Feeding
certain plant extracts with estrogenic or
hyperprolactinaemic properties may also
prove beneficial in stimulating mammary
development within specific physiologi-
cal periods.?* An attempt was made to
stimulate mammary development in gilts
by providing a dietary source of estrogen.
When 2.3 g/day of the phytoestrogen ge-
nistein was added to a standard soybean
meal-based diet of growing gilts from 90 to
183 days of age, there was a 44% increase
in mammary parenchymal cells at the end
of the treatment period.®3 Genistein is an
isoflavone found in legumes, especially
soybeans.® In another study, Farmer et
al* used the plant extract silymarin (from
Silybum marianum, generally known as
milk thistle). Four grams of silymarin was
fed twice daily to gilts from 90 to 110 days
of gestation, at which time animals were
slaughtered to collect their mammary
glands. Even though feeding silymarin led
to a 51.8% increase in circulating prolactin
concentrations 4 days after the onset of
treatment, this increase was transient and
was not large enough to elicit beneficial ef-
fects on mammary development.*

Feed mycotoxins can impact mammary
gland and reproductive tract develop-
ment most likely through their estrogen-
like activities. Stephan et al*! found my-
cotoxins were passed via milk from sows
to piglets on the basis of zearalenone/a-
zearalenol-concentration in piglet bile
and a tendency towards lower uterus
weight among piglets having zearale-
none-influence during gestation and
lactation.

The number of teats is an important cri-
terion for replacement gilts. According
to Drickamer et al,*? the number of pig
teats is significantly influenced by genet-
ics, principally from the dam’s side. The
proportion of males in a litter appears
to be related to the anogenital distance
of the gilt littermates, possibly as a re-
sult of an intrauterine position effect. A
greater number of teats on the dam and
alower proportion of males in the litter
were associated with a greater number
of teats on the gilt.

Nutrient concentrations
and feeding strategy

Compared to typical finishing pig diets,
replacement gilt diets should contain
higher concentrations of vitamins A
and E, calcium, phosphorus, selenium,
chromium, and zinc because highly

prolific gilts reach puberty with limited
reserves of protein and body fat and they
continue to grow during their first gesta-
tion.!8 A vitamin premix should contain
elevated levels of fat-soluble vitamins

A, D, E, and K, as well as water-soluble
vitamins choline, biotin, and folic acid,
whose levels are relatively low or absent
in typical finishing diets.

Energy and amino acid density of diets
for each phase of growth will depend on
lean growth potential of the gilt and vol-
untary feed intake. Replacement gilts are
typically provided ad libitum access to a
diet lower in energy, protein, or both than
those diets fed to slaughter pigs to avoid
excessive body fat.*3 This also allows for
slightly slower growth, which limits ma-
ture body size thereby preventing feet
and leg problems and excessive fat gain.
Long et al** reported that sows fed a high
energy, high protein diet ad libitum from
120 to 180 days of age had significantly
poorer longevity through four parities
than did gilts fed a high energy, low pro-
tein diet ad libitum or a restricted-fed high
protein diet (35% vs 56% and 55%, respec-
tively). Similarly, Hoge and Bates* found
that slower growing gilts had a lower risk
of being culled in their study.

Feeding modern high-lean gilts ad libi-
tum is most practical for most produc-
tion systems, particularly when gilts are
housed in groups. Limit feeding may be
more appropriate for low- and medium-
lean maternal gilts. Limit feeding in-
volves providing replacement gilts ad
libitum access to a diet until a month or
two before breeding. The ad libitum diets
are similar to grow-finish diets, allow-
ing maximum expression of the animal’s
genetic potential for growth rate and
backfat. Feed intake is then restricted to
approximately 85% to 90% of ad libitum
until 10 to 14 days before mating. When
restricting the diet, energy should be re-
stricted but not amino acids, vitamins,
or minerals. Therefore, concentrations
of these nutrients need to be adjusted up-
wards in the diets accordingly.*? Facility
design may make it difficult for produc-
ers to feed a restricted diet to replace-
ment females. When gilts are housed
and fed in groups, it is difficult to ensure
the correct amount of feed is ingested on
an individual basis because all gilts do
not consume feed at the same rate. Un-
less producers have individual stalls or
an electronic feeding system available
for potential breeding herd replacement
females, it will be difficult to implement
arestricted feeding program.*¢ Feeding
a high-fiber diet that is lower in energy

concentration is an alternative that al-
lows for a daily feed intake closer to ad
libitum levels. The effects of increased
consumption time, gut fill, and satiety
may partially alleviate competition and
variability in individual feed intake in
group feeding situations, but it also may
present challenges related to feed de-
livery systems and manure handling.
The dietary fiber content is significant
because of satiety, proper digestion, and
effect on intestinal microflora, and it af-
fects sow longevity too. Koketsu et al*/
found evidence that adding fiber to ges-
tation diets may improve sow longevity.

BF and body condition

Backfat thickness is important in gilts
and primiparous sows, as it is related

to sow longevity. Some authors suggest
that the ideal BF range of gilts would be
between 16 and 20 mm, although this
range may vary and is clearly influenced
by sow genetics. Flisar et al*® found that
gilts with thicker backfat had smaller lit-
ters in the first three parities. Sows with
10 mm thicker backfat farrowed more
litters (0.41 on average) per lifetime and
were culled 50 days later.

Farmer et al* found it beneficial for pri-
miparous sows to have greater BF (ie,

20 to 26 mm) at the end of gestation to
achieve optimal mammary development
and greater litter body weight gain in the
subsequent lactation. The results indi-
cate that greater BF in late gestation of
primiparous sows tends to increase litter
weight gain due to higher milk produc-
tion possibly related to better develop-
ment and preparation of the mammary
glands. Given the improvement in piglet
weight gain was modest (8.5%), fatter
sows lost more BF for the same piglet
live weight, and that the strongest corre-
lation between BF and those parameters
measured in the udder occurred with
nonparenchymal tissue, it is recom-
mended to keep primiparous sows at the
end of gestation in a BF range between
15 and 26 mm.>°

The primary goal in the final part of
rearing is to encourage early expression
of pubertal estrus and successfully mate
gilts while they continue to grow towards
their mature body size. Various strate-
gies are possible. The specific approach
may vary from farm to farm depending
upon genetics and management practic-
es. Although severe protein restrictions
or imbalanced intake of essential amino
acids have been demonstrated to delay
the onset of puberty, moderate protein
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restriction during the rearing period
does not appear to influence age at first
estrus in gilts. Older literature indicates
that selected replacement gilts should be
limit fed energy from 100 to 104 kg of BW
or until 2 weeks prior to mating so they
will not become too fat. Nevertheless,
Foxcroft et al,>! Williams et al,>? and
Gill® presented evidence that fatness is
not an issue with modern lean maternal
line genotype females, which deposit
and mobilize lean tissue with little im-
pact on fat tissue deposits. Development
of ultra-lean genotypes has had negative
effects on longevity and lifetime produc-
tivity of replacement gilts. This has led
to a need for enhancing and conserving
fatness in gilts by feeding a low protein
diet (11.3% crude protein, 0.45% lysine,
13.0 MJ digestible energy/kg) before and
during pregnancy to restrict lean gain
and increase fat deposition.? In me-
dium- or low-lean genotypes, gilts will
tend to consume more energy than is
needed to achieve ideal body condition,
thus becoming too fat. Therefore, limit
feeding is advised with those genotypes
after selection has occurred.

Gill>* found that increases in fatness
achieved by diet during rearing are
transient. Any residual effects had dis-
appeared by the time the first litter was
weaned. The potential protective benefits
to sow longevity from feeding a low pro-
tein diet during gilt rearing probably re-
sult from long-term reduction in sow BW
and, in turn, reduced risk of foot and leg
injury. A more holistic approach would
be to consider how to improve the overall
welfare and fitness of gilts and sows.

Management

Management of the gilt up to when the
first litter is weaned has a major influ-
ence on lifetime productivity and, con-
sequently, weaning capacity. Size of the
first litter has a strong correlation with
subsequent litter sizes,> so achieving

a large first litter can be a good indica-
tor of more piglets born and weaned in
a sow’s lifetime. Correct management
during gilt rearing will positively influ-
ence longevity, thereby increasing litters
per sow lifetime, which is a key factor
in maximizing weaning capacity. The
current criteria for selecting replace-
ment gilts for breeding are excellently
described in the review by Malopolska
et al.>®

Conclusion

Nutrition during gilt rearing plays an im-
portant role as it can affect growth rate,
optimal body condition, early heat onset,
reproductive tract and mammary gland
development, and good limb condition.
It is important to focus on welfare and
fitness and to create good environmen-
tal conditions from the time of a gilt’s
birth and continue all through rearing.
As reproductive failures are the most
common cause of culling, it would be
appropriate to further investigate the ef-
fect of nutrition and feeding strategy on
the development and functionality of the
reproductive tract during rearing and its
relationship to the lifetime performance
of the sow. Due to the increased number
of piglets born per litter, it is also appro-
priate to focus on a nutritional strategy
that enhances mammary development
to achieve increased milk production
during lactation.
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