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Importance of Backfat Thickness to Reproductive Performance

in Female Pigs
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Abstract

Backfat in pigs consists of water, collagen, and lipid. Apart from age, body weight, and number of estrus
expression, backfat thickness is one of the significant parameters to consider when selecting female pigs into breeding
herds since it dominates a number of reproductive performances, e.g. puberty attainment, total piglets born (TB), and
farrowing rate. Besides, backfat is one of the significant sources of hormones related to puberty attainment, such as
leptin, insulin-like growth factor-I (IGF-I), and progesterone (P4). Evaluation of backfat thickness is majorly performed
by an A-mode ultrasonography at P2 position; it provides more accurate body condition than visual scoring. High
backfat gilts attain puberty earlier than low backfat gilts. Moreover, gilts with high backfat thickness at insemination
deliver one more piglet than low backfat gilts. Furthermore, piglets born from high backfat gilts have higher growth
rate and weaning weight than those born from low backfat gilts. Besides, removal opportunity is frequently found in
low backfat gilts since they produce very small litter size. During pregnancy and lactation periods, husbandmen should
frequently monitor sows’ body weight to protect backfat loss, especially in first and second parities. Lactating sows
with high relative weight loss have considerably long weaning-to-service interval. To acquire decent reproductive
performance of sow in higher parity, replacement gilts should possess backfat thickness of 18.0-23.0 mm at the first
insemination and should have body weight control to protect backfat loss during gestation and lactation periods.
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Introduction

Productivity has been regarded as one of the
major topics in the current swine commercial industry.
Because the tendency of replacement rate has been
increasing every year (Engblom et al., 2007), selection
of quality pigs should be substantially focused on in
order to acquire healthy pigs and subsequent decent
yields. To maximize production targets in modern
commercial piggeries, an evaluation of pigs’ body
condition has become one of the significant issues to be
underscored. Optimal body condition of the sows not
only signifies welfare improvement, but it is also a
prerequisite to attain sufficient productivity, especially
in high-producing herds (Maes et al., 2004). Moreover,
the heritability of backfat depth in pigs is relatively
high (h2~0.5) (Li and Kennedy, 1994). Although the
measurement of body condition is considered
important, evaluation in an objective way, under field
condition, is not easy to perform. Generally, visual
examination, ranging from 1 to 5 according to the
fatness of the pigs, is performed to evaluate the body
condition of pigs. This method can be applied very well
within some herds, e.g. outdoor systems. Nonetheless,
a number of drawbacks of this assessment are
observed. First, thin sows can possess high amount of
backfat. Second, it is regarded as an imprecise and
subjective method since the evaluation relies on
personal scoring skills. Third, less attention is paid to
the evaluation when visual scoring has to be performed
in the same herd over time (herd blindness). Last,
difficulties of evaluation occur when the herd contains
more than one breed of e pigs due to variation in
conformation among breeds (Whittemore and
Schofield, 2000).

To assess body condition score visually, from
1 (very thin) to 5 (very fat), is considered very
subjective system; it might vary from one evaluator to
the other. Accordingly, the measurement of backfat
thickness is regarded as a more objective and more
accurate method to appraise the condition of pigs’
body than visual scoring (Charette et al., 1996). For
instance, a previous study in a number of swine
production herds in Canada and the United States of
America revealed that sows with body condition score
of 3 (intermediate) could have backfat thickness from 9
to 28 mm. This implies that body condition score and
backfat thickness correlated poorly (r=0.19) (Young et
al., 1991). Consequently, those necessitate the need for
more objective methods in determining the body
condition in pigs.

This review accentuates on the significance of
backfat thickness in female pigs to reproductive
performance and productivity in swine breeding
herds. Testimonials and present information
concerning composition of backfat, measurement of
backfat thickness, backfat thickness and puberty
attainment, along with major reproductive indicators,
and relationship between backfat and outstanding
hormones relevant to reproductive efficiency in pigs
are described.

Composition of backfat
In pigs, major elements of backfat or
subcutaneous fat consist of water, collagen, and lipid.

The major composition of lipid in subcutaneous fat is
triacylglycerol. The amount of fat and feed intake
affects the concentration of fatty acid in subcutaneous
fat (Wood et al., 1989). In addition, the firmness and the
cohesiveness of fat tissue are dependent on the
quantity of fatty acids (Wood, 1984). Likewise, a
previous study reported that fat at the loin joint in
leaner breeds had less cohesiveness than in fatter
breeds (Warriss et al, 1990). In addition, the
concentration of fatty acid within the backfat
determines nutritional quality, as judged by energy
content. It would be proportional to lipid concentration
and ratio between polyunsaturated and saturated fatty
acid. Nonetheless, such thickness less affects the
concentration of fatty acids. Besides, the thickness of
subcutaneous fat affects the concentration of water,
collagen and lipid; while concentration of water and
collagen substantially declines, lipid increases.
However, backfat component in male and female pigs
is a little different. That in the male pigs is composed of
higher water and collagen, but lower lipid, than that in
the female pigs (Wood et al., 1989).

Measurement of backfat thickness

To measure backfat thickness in pigs, two
kinds of probes are basically used: optical type and
ultrasonic type probes. Ultrasonic probe works on the
criterion of the reflection of sound wave, whereas
optical probe works on the basis of light reflectance
between muscles and fat depth, entailing the value of
backfat thickness (Kempster et al., 1981; Pomar et al.,
2002). A recent study discovered that ultrasonic
instruments had consistency and accuracy in
measuring backfat thickness in live pigs to maximize
economic productivity (Magowan and McCann, 2006).

As for the position to investigate the backfat
depth, many studies evaluated different areas.
However, P2 position (approximately 6-8 cm away
from dorsal midline at the last rib curve) is the most
appropriate site to evaluate the backfat depth in live
pigs (Fig 1). In general, the measurement of backfat
thickness is performed by A-mode ultrasonography.
An average value from both sides of P2 position is used
as backfat thickness (mm) of individual pigs
(Tummaruk et al., 2009b). In Northern Ireland, P2 is
only the site to appraise carcass lean content (Magowan
and McCann, 2006). Nevertheless, some controversial
findings on the accuracy of measurement at this
position were reported, for instance, Suster et al. (2003)
found that P2 could only be a moderate predictor of the
fat content in pigs since the dispersion of fat content in
the animal's body was considerably variable.
Nonetheless, P2 has currently been the most accurate
position for investigating backfat depth in pigs
according to a number of researches. Moreover,
ultrasonic probe is preferred for backfat assessment in
live pigs at P2 position. Normally, backfat thickness in
gilts is averagely 1.2 mm higher than in boars of the
same age and body weight. Nonetheless, even if boars
were leaner than gilts at the same condition, results
from ultrasonic probe at P2 position were not affected
by sex of the pigs (Magowan and McCann, 2006).

Backfat thickness and puberty attainment
In pigs, puberty attainment is recognized
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when occurrence of first estrus and first ovulation takes
place. Puberty in gilts is predominated by both internal
(breed, body weight, backfat) and management
(nutrition, boar contact, surroundings) factors,
mediated by endocrine-reproductive axis (Evans and
O'Doherty, 2001). In addition, age at puberty
determines lifetime performance of female pigs; gilts
achieving puberty late were inclined to be culled from
the herd earlier than those reaching puberty earlier
(Koketsu et al., 1999). Nevertheless, age at puberty
could not be identified exactly; therefore, age at first
observed estrus is basically used to define puberty in
gilts instead (Evans and O'Doherty, 2001; Tummaruk
et al., 2009b). Generally, gilts express age at first
observed estrus at approximately 200 days (Tummaruk
etal., 2007; Roongsitthichai et al., 2013). A former study
demonstrated that gilts with higher backfat thickness
attained puberty faster than those with lower one
(Nelson et al., 1990). This indicated that gilts with high
backfat could service faster than those with low backfat
(Tummaruk et al., 2001). Moreover, a previous study
stated that gilts with high backfat thickness (17.8 mm),
fed ad libitum, reached puberty at 198 days of age,
whereas those with low backfat thickness (14.7 mm),
restricted to 80% feed, attained puberty at 203 days of
age (Rydhmer, 2000). Moreover, age at puberty had
somewhat high heritability (h2=0.3) respect to other
reproductive traits (Rydhmer, 2000). This implies that
the selection of replacement gilts on the basis of backfat
depth could contribute to magnificent reproductive
performance of the herd.

Furthermore, metabolic signals are crucial to
puberty initiation (Barb et al., 1997).It was apparently
found that some metabolic hormones were closely
related to backfat and puberty attainment (Booth et al.,
1994; Rozeboom et al, 1995). In numerous
domesticated species, leptin and insulin-like growth
factor-I (IGF-I) have been recognized as the regulators
of cellular growth and differentiation, onset of puberty,
and body composition (Bidanel et al., 1996).

Leptin is recognized as one of the significant
metabolic hormones among adipose tissues, energy
homeostasis, and puberty attainment (Campfield et al.,
1995). Adipocytes are the biggest reservoir of leptin, a
16-kDa protein hormone, production (Barb and
Kraeling, 2004). Ahmed et al. (1999) reported that fat
mass had a relationship with puberty in females. In
addition, an escalation of serum leptin is relevant to
pubertal onset (Magsood et al., 2007). Furthermore, it
was found that serum leptin concentration was
elevated during pubertal development in pigs (Qian et
al., 1999) prior to an increase in luteinizing hormone
(LH) and estrogen (Barb et al., 2000). Likewise, serum
leptin  concentration increases during puberty
attainment in gilts (Hausman et al, 2012). It
subsequently, was thought that leptin performed as a
permissive metabolic signal for the initiation of
puberty attainment via LH secretion (Barb et al., 2005).
This phenomenon took place not only in pigs, but it
also happened in mice (Chehab et al., 1997) and heifers
(Garcia et al., 2002). In women, negative relationship
between age at first menarche and serum leptin level
was observed (Matkovic et al.,, 1997). Consequently,
leptin might be a circulating signal from nutritional
status which activates the reproductive axis. It was

Figure 1 Position for backfat thickness measurement in live
pigs. (A) body midline (B) P2 position (6-8 cm away
from body midline at the last rib level). An average
from bilateral measurement is a representative of
individual backfat.

found that an increase in adipocyte mass was
proportional to an increase in serum leptin
concentration (Considine et al., 1995). In addition, a
further study evidently demonstrated that serum
leptin concentration positively correlated with backfat
depth at P2 position (r=0.476) (Berg et al., 2003).
Moreover, positive correlation between leptin
messenger RNA level and backfat thickness in pigs was
observed (Robert et al., 1998). These signified that the
pigs with high backfat thickness reached sexual
maturity earlier than those with low backfat thickness.

IGF-Thas been proved as one of the significant
metabolic factors affecting puberty onset in pigs (te Pas
et al., 2004). This implies that gilts with high level of
IGF-I attain puberty faster than those with low level of
IGF-I. Recent studies depicted the relationship among
backfat thickness, serum IGF-I concentration, and
pubertal age in the gilts. Those with high backfat
thickness (217.0 mm), at mating day, had higher serum
IGF-I level (31.1+1.1 vs 26.0£1.4 nmol/1, p=0.008) than
those with low backfat thickness (<13.5 mm)
(Roongsitthichai et al., 2013). Moreover, gilts with high
concentration of serum IGF-I attained onset of puberty
faster than those with low serum IGF-I level (<153 vs
168-180 days, p<0.05) (Patterson et al., 2010). Likewise,
an ovulation could not take place in the female mice
with IGF-I null mutation, even if gonadotropin
administration was undertaken (Baker et al., 1996). In
contrast, one study disputed that no association was
found between the level of plasma IGF-I and age at
puberty in growing pigs (Lamberson et al., 1995).
However, a recent study found that IGF-I, in most
mammalian species, promoted granulosa cell
proliferation, steroid production, and oocyte growth
development (Silva et al,, 2009). These reflect the
reasons why gilts with high backfat thickness acquired
sexual maturation earlier than those with low backfat
thickness; it is mediated via the underlying
predomination from such important metabolic
hormones.
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Backfat and estrous cyclicity

Not only metabolic hormones relate to backfat
affect reproductive axis in pigs. Fat was scientifically
examined that it was the reservoir of an important sex
steroid hormone, so called progesterone (Py)
(Hillbrand and Elsaesser, 1983). Due to the lipophilic
property of Py, the deposition of P4 in adipose tissue
has been found in many species such as cows
(McCracken, 1964) and pigs (Hillbrand and Elsaesser,
1983). Moreover, an alteration in backfat quantity
evidently affects P4 concentration during swine estrus
cycle. The results from backfat biopsy, 2-5 cm away
from dorsal midline above the longissimus dorsi
muscle, in gilts revealed a close relationship between
plasma and backfat P4 levels (Hillbrand and Elsaesser,
1983). Naturally, the corpus luteum reaches maximal
secretory capability of P, between day8 and 12 of the
estrus cycle (approximately 21 days) and starts to
decline on day 13 onwards (Foxcroft and Van de Wiel,
1982). At mid luteal phase (day 11), the concentration
of P4 stored in fat tissues was 36 mg/ 100 mg backfat,
meanwhile approximately 0.2 mg of plasma Py was
detected (Foxcroft and Van de Wiel, 1982). This reflects
that the amount of P4 is reserved in fat tissue almost 200
times when compared to such in the blood. In addition,
the concentration of Py detected from backfat, during
estrus cycle, delayed for a few days, later than that
from blood examination (Hillborand and Elsaesser,
1983). The mechanism of P4 storage was investigated in
vitro that the steroid could get intofat tissue from the
buffer system. In addition, rate and percentage of that
penetration were based on the lipophilic characteristics
of steroids (Claus and Rattenberger, 1979).

Furthermore, the study of P; comparison
between backfat and plasma was also conducted in
ovariectomized pigs. Results revealed that P, dynamics
was proportional to that of intact gilts. Plasma and
backfat Py rapidly declined in the first 20 h; it,
afterwards, gradually diminished. Interestingly, the
initial half-life of plasma P4 is 2 h meanwhile that of
backfat P, is 34 h. These differences imply the
significant function of adipose tissue as an
embankment to preclude the catabolism of Pu
(Hillbrand and Elsaesser, 1983).

Backfat thickness and litter size at birth

Indicators for measuring litter size at birth in
pigs include total number of piglets born per litter (TB),
number of piglets born alive per litter (BA),
mummified fetuses per litter (MM), and stillborn
piglets per litter (SB).Generally, litter size is smallest in
the first parity and is largest during parity number 3-6.
Subsequently, it continually declines according to
increased parity numbers (Tummaruk et al.,, 2000).
Evident findings how backfat thickness predominates
litter size at birth were demonstrated. Backfat thickness
at the first observed estrus affected TB and BA in the
first three parities. It was found that gilts with backfat
thickness of 13.1-15.0 mm had significantly larger TB
(10.6 vs 9.4) and BA (9.8 vs 8.8) than those with backfat
thickness of 11.1-13.0 mm through three parities
(Tummaruk et al., 2007). In addition, Roongsitthichai et
al. (2010) reported that gilts with backfat thickness
>17.0 mm at the first insemination delivered 13.1+0.4
TB, meanwhile those with backfat thickness of 14.0-

165 mm farrowed 12.0+04 TB  (p<0.05).
Correspondingly, a study of Filha et al. (2010)
demonstrated that, at first mating, gilts with backfat
thickness of 18.0-23.0 mm significantly farrowed
almost one TB more than those first mated with backfat
thickness of 10.0-15.00 mm (12.940.16 vs 12.0+£0.16 TB).
However, no significant difference in BA between
groups was noticed. Furthermore, a recent study
revealed that piglets delivered from high backfat gilts
had higher growth rate during lactation (214.3 vs 202.4
g/day, p=0.05), together with higher weaning weight
(7.43 vs 7.03 kg, p=0.04), than those born from low
backfat gilts (Amdi et al., 2013). This might be due to
the fact that a higher percentage of milk fat is found in
high backfat gilts, entailing to the promotion of weight
accumulation and fat deposition which functions as an
insulator for piglets (Revell et al., 1998).

On the other hand, those with high backfat
thickness could farrow a great number of SB
(Roongsitthichai et al., 2010). A recent study reported
that the significantly higher percentage of SB came
from the primiparous sows with backfat thickness, at
first mating, of 18.0-23.0 mm than that from those with
backfat thickness, at first mating, of 10.0-15.0 mm
(8.740.83% vs 5.5£0.61 %) (Filha et al., 2010). Because the
maximum acceptable number for SB is less than 7%
(Dial et al., 1992; Muirhead and Alexander, 2000), the
percentage of SB from gilts with high backfat thickness
should be taken into emphasized consideration.
Moreover, a positive correlation between backfat
thickness at first insemination and body weight was
observed (r=0.21) (Filha et al., 2010). This signifies that
overweight pigs might be in the same group with high
backfat pigs. The phenomenon of substantial number
of SB might be due to the problem of birth canal
obstruction from fat deposition, causing difficulty in
parturition (Ash, 1986; Dial et al., 1992; Muirhead and
Alexander, 2000). A high number of SB result from
prolonged parturition; the wuterus had weak
contraction. In addition, secondary uterine inertia
involved in the high number of SB, especially in the
pigs with large litter size and/or large piglets (Ash,
1986).

In addition, thin and poor body condition
pigs gain special attention from herd staff by
considerably increasing feed amount, in gestation
pens, in order to reach targeted body condition. This
contributes to overfeeding status, resulting in excessive
backfat accumulation for the gestating sows
(Roongsitthichai et al., 2010). A previous study
reported that the amount of feed in gestating period
affected porcine embryo survival and important
hormone for pregnancy maintenance (P4). Provided
that the pigs were fed with large amount of gestating
feed, 71.9% of embryo survival and 11.8 ng/ml of Py
were examined. Nonetheless, if the lower quantity of
gestating feed was given, 82.8% of embryo survival
and 71.9 ng/ml of Py were observed (Aherne and
Kirkwood, 1985).

Backfat thickness and removal

According to culling patterns, planned and
unplanned removals are classified. The first category is
frequently found in high parity sows such as old age or
low productivity, meanwhile the latter is due to several
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causes, such as anestrus, locomotive problems, and
abnormal vaginal discharge (Engblom et al., 2007). In
addition, a majority of the culled is sows in lower
parity, especially primiparous sows (Tummaruk et al.,
2009a), according to a report. About 15-20% of the
removed sows produced only one litter (Lopez-Serrano
et al., 2000). Currently, most sows culled from the herd
with unplanned reasons. The highest incidence has
been reproductive failure, which accounts for
approximately one third of the entire removal
(Engblom et al, 2007). Common reproductive
problems in gilts include anestrus, repeated breeding,
non- pregnancy, abnormal vaginal discharge, abortion,
and birth problems at first farrowing (Heinonen et al.,
1998). Anestrus is the highest portion of culling gilts
(Tummaruk et al., 2009a). One of the crucial causes of
the unreadiness to express observed estrus might be
related to body fat storage since some of the vital
metabolic hormones are produced and acquainted
with body fat. Accordingly, pigs with an inappropriate
backfat thickness are inclined to be removed from
breeding herds. The probability of culling increased in
both high and low backfat pigs, but it was in greater
proportion in thin sows with low backfat depth (Young
et al., 1991). A previous study reported that the high
proportion of culling was found in gilts with backfat
thickness less than 12 mm (Whittemore et al., 1988).
Moreover, a former study reported that gilts with low
backfat thickness (<16 mm at the end of the growth
test) produced a litter size at weaning less than 7.5
piglets (Tarrés et al., 2006). These pigs highly tended to
be removed from the herd owing to the low
productivity. This apparently points out that low
backfat status signifies the unreadiness to be
parentstock because the pigs had low energy storage
not only for regulating their normal physiological
processes, but also for maintaining pregnancy in the
future (Tarrés et al., 2006). However, the increased
culling of sows in higher parities was not apparently
relevant to backfat thickness (Young et al., 1991). To
protect backfat loss in sows, live weight should be
focused on. During pregnancy, sows should gain about
28 kg in order to maintain backfat thickness (Yang et
al., 1989). Not only maternal body fatness, but body
weight during gestation also affects growth rate of
piglets. Moreover, lactating gilts should gain between
8.8 and 16.8 kg in order to maintain backfat thickness
(Young et al., 1991). That is because sows with high
relative weight loss (>15%) during lactation had
significantly longer weaning-to-service interval (WSI)
than those with low relative weight loss (<8%) (9.5 vs
6.8 days, p<0.05) (Tantasuparuk et al., 2001).This
phenomenon is apparently found in first and second
parity sows; those in parity 1 and 2 with high relative
weight loss had WSI of 13.2 and 11.9 days, respectively,
meanwhile those in parity 3 and 4 with high relative
weight loss had WSI of 6.4 and 6.5 days, respectively
(Tantasuparuk et al., 2001). Sows with low backfat and
high weight loss during pregnancy and lactation
period possessed poor reproductive indices,
contributing to the removal from the herd eventually.

Conclusion

Backfat thickness is one of the vital indicators

for selecting pigs into breeding units. It helps reduce
subjectivity from the visual scoring by human. The
measurement of backfat thickness could be conducted
bilaterally at P2 position by an A-mode
ultrasonography. In addition, several important
hormones relevant to reproduction, such as leptin, IGF-
I, and Py, are stored in swine backfat. Backfat thickness
affects a number of major reproductive indices of
female pigs, e.g. puberty attainment, litter size at birth,
piglets” growth rate and weaning weight, farrowing
rate, and the removal. Those with high backfat
thickness attain puberty faster, produce bigger litter
size with higher piglets’ growth rate and weaning
weight, have higher farrowing rate, and are culled
from the herd later than those with low backfat
thickness. Nevertheless, an extremely high backfat
contributes to drawbacks, especially in terms of
stillborn piglets, due to an obstruction of birth canal,
prolonged parturition, and secondary uterine intertia.
As a result, replacement gilts are suggested to have
backfat thickness of 18.0-23.0 mm at the first
insemination and have weight gain controlled during
gestation and lactation to possess magnificent
reproductive performance in further parities.
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