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LANDRACE, LARGE WHITE AND THEIR F1 CROSSES 
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ABSTRACT

This study evaluated backfat thickness (BFT) of 12,272 performance-tested 
pigs (3,351 boars and 8,921 gilts) belonging to Landrace (LDR), Large White 
(LRW), and their F1 crosses. Backfat thickness at the shoulder (BFT1), mid-
back (BFT2), loin (BFT3), and their average were significantly affected (P<0.01) 
by breed, year, month, and weight at the end of test. Backfat thickness was 
highest for BFT1 (15.67 mm for boars; 15.80 mm for gilts), followed by BFT3 
(14.21 mm for boars; 15.21 mm for gilts), and lowest for BFT2 (11.95 mm for 
boars; 12.30 mm for gilts). Average BFT was positively (P<0.01) correlated with 
average daily gain, body length, age, and weight at the end of test. Average BFT 
was significantly (P<0.05) lower in boars than in gilts. Average BFT was signifi-
cantly (P<0.05) higher in Landrace than in Large White. Differences in average 
BFT between F1 LDR x LRW and R1 LRW x LDR crosses were not significant 
(P>0.05). Heterosis for average BFT in boars (–3.37% or –0.45 mm) was higher 
than in gilts (–1.48% or –0.21 mm). While backfat thickness can be reduced by 
selection within a breed, backfat thickness may also be decreased by heterosis 
resulting from the production of F1 crosses.
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INTRODUCTION

 Backfat thickness comprises one of the selection criteria in performance testing 
programs for leaner pigs. When measured at 3 different sites, Kim et al. (2004) reported that 
backfat thickness was highest at the shoulder (on the 4th thoracic vertebrae), intermediate 
at the loin (on the last lumbar vertebrae), and lowest at the midback (on the last thoracic 
vertebrae). They also reported that backfat thickness was negatively correlated with days to 
90 kg in Landrace (r = –0.04 to –0.17) and Large White (r = –0.10 to –0.13). 
 As the basic indicator of carcass fatness or grade and predictor of carcass lean yield, 
backfat thickness can be reduced within a breed through genetic selection. Bondoc et al. 
(2018) reported that heritability of backfat thickness of Landrace and Large White breeds 
were higher in boars (0.32 – 0.77) than in gilts (0.14 – 0.51). Furthermore, heritability 
estimates for backfat measurements at the shoulder, midback and loin, and an average of
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those backfat measurements were 0.34, 0.50, 0.42 and 0.46 in Landrace and 0.33, 0.52, 0.43 
and 0.49 in Large White, suggesting that backfat thickness at the shoulder is less reliable as 
an indicator for breeding value for the trait (Kim et al., 2004). 
 In the Philippines, market hogs are produced by nucleus/multiplier breeding farms 
out of the cross between the Duroc (or Pietrain) terminal boars and the F1 Landrace x Large 
White crossbred sows. While heterosis for reproductive traits of Landrace x Large White 
crossbred sows had already been evaluated (Bondoc et al., 2019), local evaluation of back-
fat thickness in young F1 Landrace x Large White crossbred pigs is not common.
 In this regard, the aim of the study was to evaluate breed differences for back-
fat thickness between performance-tested Landrace and Large White pigs, and heterosis 
resulting from their F1 crosses in a local swine nucleus breeding farm.

MATERIALS AND METHODS

 Backfat thickness at the shoulder (BFT1), midback (BFT2), loin (BFT3), and their 
average were collected from 12,272 performance-tested pigs consisting of 3,351 boars and 
8,921 gilts belonging to Landrace (LDR), Large White (LRW), and their F1 crosses (i.e., F1 
LDR x LRW and its reciprocal cross R1 LRW x LDR). The 5-year data from 2014 to 2018 
were taken from the performance testing program of the International Farms Corporation 
(INFARMCO) swine breeding farm located at San Isidro, Cabuyao, Laguna, Philippines 
(approx. 14° 14’ 49.69’’ N, 121° 8’ 34.41’’ E).
 Backfat thickness was measured 5 cm from the right-hand side of the midline from 
three different sites (shoulder – BFT1, midback – BFT2, and loin – BFT3 at a position 
directly above the point of the elbow, last rib, and last lumbar vertebra) using a real-time 
ultrasound instrument (Renco-Lean-Meter® Ultrasonic Back Fat Detector, Renco Corpora-
tion, Minneapolis, MN USA).
 Other performance-test data were also used including average daily gain (ADG), 
feed efficiency (for boars only), age, weight, and body length at the end of test. The ADG 
for boars was computed from the start until the end of test, while gilt ADG was computed 
from birth until the end of test. The average age and weight at the end of test were 147.6 ± 
4.2 d and 95.0 ± 10.6 kg for boars and 155.3 ± 4.6 d and 90.9 ± 10.5 kg for gilts, respective-
ly.
 Simple descriptive statistics were determined for backfat thickness measurements 
and performance-test data, separately for boars and gilts (Table 1) using the MEANS proce-
dure of SAS (2009). The Pearson product-moment correlation coefficients were then deter-
mined to measure linear relationships among backfat thickness and with performance-test 
records using the CORR procedure of SAS (2009). Performance-test records found to be 
consistently and significantly correlated with backfat thickness were included as covariates 
in the statistical model.
 The general least squares procedures for unbalanced data were used to examine 
the principal sources of variation affecting backfat thickness measurements. Only those 
significant (P<0.05) fixed effects and covariates were included in the statistical model. 
 The following statistical model was used to determine, using an F-test, the appro-
priate model that would best describe each backfat thickness in performance-tested boars 
and gilts: yijklm = μ + Breedi + Yearj + Monthk + Wt-EOTl + eijklm where yijklm is backfat 
thickness (i.e., BFT1, BFT2, BFT3, average BFT), μ is the overall mean, Breedi is the ith 
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Table 1. Simple descriptive statistics for backfat thickness and performance-test records 
  (2014-2018).

N Average ± Std. Dev. Range
Boars
Backfat thickness (BFT)
- BFT1 (shoulder), mm 3,351 15.68 ± 3.00 7 – 26
- BFT2 (midback), mm 3,351 11.95 ± 2.23 6 – 23
- BFT3 (loin), mm 3,351 14.22 ± 2.74 6 – 27
- Average BFT, mm 3,351 13.95 ± 2.31 7.00 – 23.67
Performance-test records
- Ave. daily gain, kg/day* 3,351    0.843 ± 0.119 0.358 – 1.429
- Feed efficiency, g/g 3,351    2.64 ± 0.34 1.41 – 5.64
- Body length at the end of test, cm 2,556 112.94 ± 4.19   90 – 150
- Age at the end of test, days 3,351 147.56 ± 4.15 140 – 168
- Weight at the end of test, kg 3,351     94.95 ± 10.64   62.5 – 129.0
Gilts
Backfat thickness (BFT)
- BFT1 (shoulder), mm 8,921 15.80 ± 3.01 4 – 29
- BFT2 (midback), mm 8,921 12.29 ± 2.31 4 – 24
- BFT3 (loin), mm 8,921 15.41 ± 2.90 5 – 26
- Average BFT, mm 8,921 14.50 ± 2.36 5.33 – 25.00
Performance-test records
- Ave. daily gain, kg/day** 8,921      0.585 ± 0.064 0.294 – 0.803
- Body length at the end of test, cm 6,775  112.13 ± 4.03   89 – 126
- Age at the end of test, days 8,908  155.27 ± 4.55 141 – 180
- Weight at the end of test, kg 8,921      90.88 ± 10.52   43.2 – 128.0

*Boar ADG was computed from the start until the end of test.
**Gilt ADG was computed from birth until the end of test.

effect of breed (i.e., Landrace, Large White, F1 and R1 crossbreds), Yearj is the jth effect of 
year (i.e., 2014 to 2018), Monthk is the kth effect of month (January to December), Wt-EOTl 
is the lth covariate effect of weight (kg) at the end of test, and eijklm is the error term.
 Heterosis for BFT1, BFT2, BFT3, and average BFT were estimated separately for 
boars and gilts as the mean crossbred deviation expressed in percentage of mid-parent per-
formance, where crossbred average = (F1 + R1) ÷ 2 and purebred average = (LDR + LRW) 
÷ 2.
 Reciprocal or maternal effects for backfat thickness were computed as the difference 
in average F1 and R1 performance. In this study, the advantage (in terms of lower backfat 
thickness) of using a Large White or Landrace dam in the production of F1 crossbred sows 
is equal to F1 – R1 and R1 – F1, respectively.
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RESULTS AND DISCUSSION

 The backfat thickness at the shoulder, midback, loin, and their average were 15.68 ± 
3.00, 11.95 ± 3.00, 14.22 ± 2.74, and 13.95 ± 2.31, respectively for boars and 15.80 ± 3.01, 
12.29 ± 2.31, 15.41 ± 2.90, and 14.50 ± 2.36, respectively for gilts (Table 1). Similar to the 
study by Kim et al. (2004), backfat thickness was highest at the shoulder, intermediate at the 
loin, and lowest at the midback. 
 The correlations among backfat thickness at shoulder, midback and loin and average 
of those backfat measurements and performance test records for boars and gilts are given in 
Table 2. Backfat thickness at the 3 different sites for boars and gilts were highly correlated 
(P<0.01) with average backfat thickness (r = 0.84 to 0.89). Backfat thickness at the shoulder 
(BFT1) was positively correlated (P<0.01) with BFT2 (r = 0.66) and with BFT3 (r = 0.63). 
Backfat thickness at midback (BFT2) and loin (BFT3) were likewise correlated (P<0.01) 
with each other (r = 0.62). Similar relationships were reported by Bondoc et al. (2018) who

Table 2.  Pearson correlation coefficients among backfat thickness and with performance-test 
  records.

BFT1 
shoulder

BFT2 
midback

BFT3 
loin

Average 
BFT

Boars
Backfat thickness (BFT)
- BFT1 (shoulder) –   0.66**  0.63**  0.89**
- BFT2 (midback) –  0.62**  0.85**
- BFT3 (loin)     –  0.87**
Performance-test records
- Ave. daily gain, kg/day   0.48**   0.46**  0.49**  0.55**
- Feed efficiency, g/g -0.36** -0.35** -0.36** -0.41**
- Body length at the end of test, cm   0.39**   0.38**  0.40**  0.44**
- Age at the end of test, days   0.27**   0.22**  0.30**  0.31**
- Weight at the end of test, kg   0.57**   0.52**  0.58**  0.64**
Gilts
Backfat thickness (BFT)
- BFT1 (shoulder) – 0.63** 0.61** 0.88**
- BFT2 (midback) – 0.59** 0.84**
- BFT3 (loin)     – 0.86**
Performance-test records
- Ave. daily gain 0.52** 0.48** 0.56** 0.61**
- Body length at the end of test 0.40** 0.40** 0.39** 0.45**
- Age at the end of test 0.19** 0.21** 0.25** 0.25**
- Weight at the end of test 0.54** 0.51** 0.59** 0.63**

**correlation coefficient (r) is significantly different from zero (P<0.01).
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also showed positive correlations of BFT1, BFT2, BFT3 and average BFT with weight at 
the end of test for boars (r = 0.42 to 0.57) and for gilts (r = 0.44 to 0.54). By comparison, 
Kim et al. (2004) reported slightly higher correlations between BFT1 and BFT2 (r = 0.73 to 
0.75), between BFT1 and BFT3 (r = 0.82 – 0.84), and between BFT2 and BFT3 (r = 0.81 to 
0.82) in Landrace and Large White pigs in South Korea. 
 Furthermore, backfat thickness at 3 different sites and their average were positively 
correlated (P<0.01) with ADG (r = 0.46 to 0.61), body length (r = 0.38 to 0.45), age at the 
end of test (r = 0.19 to 0.31), and weight at the end of test (r = 0.51 to 0.64). For performance-
tested boars, backfat thickness measurements were negatively correlated (P<0.01) with feed 
efficiency (r = –0.35 to –0.41). Similar observations were reported by Serenius and Stalder 
(2004) who showed that average backfat thickness at 100 kg liveweight was positively 
correlated with ADG in Finnish Landrace and Large White pigs (r = 0.40). 
 Backfat thickness in boars was similar when taken from different sites, i.e., 
coefficient of variation (CV) ranged from 15.28% to 15.35% (Table 3). In gilts, however, 
backfat thickness was slightly more variable at the shoulder (CV = 15.73%) and midback 
(CV = 15.46%). Lower differences in backfat thickness were observed at the loin (CV = 
14.90%).
 The BFT1, BFT2, BFT3 and average BFT in both boars and gilts were significantly 
(P<0.01) affected by breed, year and month of test, and live weight at the end of test. 
However, BFT3 in gilts was not significantly affected (P>0.05) by breed.
 In the comparisons between pure breeds, BFT1, BFT2, BFT3, and average BFT in 
boars were significantly (P<0.05) higher in Landrace than in Large White by 0.37, 0.61 mm, 
0.59 mm, and 0.52 mm, respectively (Table 4). In gilts, BFT1, BFT2, and average BFT were 

Table 3.  Mean square F-tests for the effects of breed, year and month at the end of test 
  (EOT), and the covariate effect of weight at the end of test on backfat thickness.

Breed Year 
EOT

Month 
EOT

Weight 
EOT CV, %

Boars
Backfat thickness (BFT)
- BFT1 (shoulder) ** ** ** ** 15.28
- BFT2 (midback) ** ** * ** 15.35
- BFT3 (loin) ** ** ** ** 15.31
- Average BFT ** ** ** ** 12.34
Gilts
Backfat thickness (BFT)
- BFT1 (shoulder) * ** ** ** 15.73
- BFT2 (midback) ** ** ** ** 15.46
- BFT3 (loin) ns ** ** ** 14.90
- Average BFT ** ** ** ** 12.21

ns - no significant effect of independent variable (P>0.05).
*significant effect of independent variable (P<0.05).
**highly significant effect of independent variable (P<0.01).
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Table 4. Backfat thickness (BFT) at the end of test (LSM ± SE) in different sex and breeds.

BFT1 
shoulder, mm

BFT2 
midback, mm 

BFT3 
loin, mm

Average 
BFT, mm

Boars
Landrace (LDR) 15.90 ± 0.06a 12.27 ± 0.05a 14.50 ± 0.06a 14.22 ± 0.04a

Large White (LRW) 15.53 ± 0.06b 11.66 ± 0.05b 13.91 ± 0.06b 13.70 ± 0.04b

F1 LDR x LRW cross 14.71 ± 0.51c 11.83 ± 0.39ab 13.69 ± 0.47b 13.41 ± 0.37b

R1 LRW x LDR cross 15.28 ± 0.41bc 11.46 ± 0.32b 13.98 ± 0.38b 13.57 ± 0.30b

Gilts
Landrace (LDR) 15.89 ± 0.04a 12.39 ± 0.03a 15.36 ± 0.04a 14.55 ± 0.03a

Large White (LRW) 15.76 ± 0.04b 12.17 ± 0.03b 15.41 ± 0.04a 14.44 ± 0.03bc

F1 LDR x LRW cross 15.58 ± 0.24bc 12.48 ± 0.19a 14.88 ± 0.19b 14.51 ± 0.17ab

R1 LRW x LDR cross 15.41 ± 0.21c 11.87 ± 0.16c 15.45 ± 0.22a 14.05 ± 0.15c

Means within a column for boars or gilts without common letter superscripts are significantly different (P<0.05).

significantly (P<0.05) higher in Landrace than in Large White by 0.13 mm, 0.22 mm and 
0.11 mm, respectively. BFT3 in gilts was not significantly different (P>0.05) between 
Landrace and Large White pigs.
 In this study, the average BFT in Landrace was 14.22 mm for boars and 14.55 mm 
for gilts. For the Large White breed, the average BFT was 13.70 mm for boars and 14.44 
mm for gilts. By comparison, a lower average BFT was reported by Choi et al. (2013) and 
Choy et al. (2015) for Landrace boars (11.92 mm to 13.50 mm) and gilts (13.03 mm to 14.25 
mm), and Yorkshire boars (11.49 mm to 13.63 mm) and gilts (12.98 mm to 14.56 mm) in 
South Korea. 
 In the comparisons between F1 crossbred pigs, BFT1, BFT2, BFT3, and average 
BFT in boars were not significantly different (P>0.05) between the F1 LDR x LRW and R1 
LRW x LDR crosses. In gilts, BFT2 and average BFT were significantly (P<0.05) higher 
in F1 LDR x LRW than in R1 LRW x LDR crosses by 0.61 mm and 0.11 mm, respectively. 
However, BFT3 in gilts was significantly higher (P<0.05) in R1 LRW x LDR than in F1 
LDR x LRW by 0.46 mm. BFT1 in gilts was not significantly different (P>0.05) between 
the F1 crosses.
 Backfat thickness was also significantly affected (P<0.05) by the year and month 
of performance testing. Backfat thickness was lowest in year 2016 and during the months 
of May and July (data not shown). Backfat thickness was also significantly (P<0.01) higher 
with higher weight at the end of test.
 The BFT1, BFT2, BFT3, and average BFT in boars were lower in F1 Landrace x 
Large White crosses compared to the average of purebred boars by 0.75 mm, 0.32 mm, 0.37 
mm, and 0.47 mm, respectively (Table 5). As a consequence, negative heterosis values (i.e., 
–4.74%, –2.67%, –2.60%, and –3.37%) were estimated for BFT1, BFT2, BFT3, and aver-
age BFT, respectively. 
 In gilts, the BFT1, BFT2, BFT3, and average BFT in gilts were also lower in F1 
Landrace x Large White crosses compared to the average of purebred gilts by 0.33 mm, 
0.11 mm, 0.22 mm, and 0.22 mm, respectively (Table 6). This resulted in negative heterosis
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Table 5. Estimates of heterosis for backfat thickness in performance-tested boars.

BFT1 
shoulder

BFT2 
midback

BFT3 
loin

Average 
BFT

Pure breeds
Landrace (LDR) 15.90 12.27 14.50 14.22
Large White (LRW) 15.53 11.66 13.91 13.70
Average 15.72 11.97 14.21 13.96
Crossbreeds
F1 LDR x LRW cross 14.71 11.83 13.69 13.41
R1 LRW x LDR cross 15.23 11.46 13.98 13.57
Average 14.97 11.65 13.84 13.49
Heterosis, %  -4.74  -2.67  -2.60  -3.37
Maternal effect using Large 
White dam

 -0.52 +0.37  -0.29  -0.16

Maternal effect using 
Landrace dam

+0.52 -0.37 +0.29 +0.16

Improvement due to heterosis (including reciprocal or maternal effects)
F1 cross -0.71 -0.31 -0.36 -0.45
F1 LDR x LRW cross -1.23 +0.06 -0.65 -0.61
R1 LRW x LDR cross -0.19 -0.68 -0.07 -0.29
Predicted crossbred performance
F1 cross 14.97 11.65 13.84 13.49
F1 LDR x LRW cross 14.45 12.02 13.55 13.33
R1 LRW x LDR cross 15.49 11.28 14.13 13.65

Maternal and reciprocal effects were computed as F1 minus R1  and R1 minus F1, respectively.

estimates of –2.09%, –0.86%, –1.43%, and –1.48% corresponding to BFT1, BFT2, BFT3, 
and average BFT, respectively. 
 The negative heterosis estimates for average BFT for boars and gilts suggest that 
lower backfat thickness may also be influenced by non-additive genes (dominance, over-
dominance, and epistasis). In boars, this is equivalent to a reduction of 0.71 mm, 0.31 mm, 
0.36 mm, and 0.45 mm for backfat thickness at the shoulder, midback, loin, and average 
BFT of F1 crosses. In gilts, a lower reduction of 0.32 mm, 0.10 mm, 0.22 mm, and 0.21 mm 
in backfat thickness at the shoulder, midback, loin, and average BFT, respectively were es-
timated for F1 crosses. 
 Moreover, the maternal (reciprocal) effects to reduce average BFT were higher 
for F1 crossbred boars with Landrace dams. The R1 LRW x LDR crossbred boars were 
predicted to have a lower average BFT than F1 LDR x LRW crossbred boars by 0.22 mm. In 
gilts, reciprocal effects to reduce average BFT were higher for F1 crosses with Large White 
dams. The F1 LDR x LRW crossbred gilts were predicted to have a lower average BFT than 
R1 LRW x LDR crossbred gilts by 0.32 mm.



Table 6. Estimates of heterosis for backfat thickness in performance-tested gilts.

BFT1 
shoulder

BFT2 
midback

BFT3 
loin

Average 
BFT

Pure breeds
Landrace (LDR) 15.89 12.39 15.36 14.55
Large White (LRW) 15.76 12.17 15.41 14.44
Average 15.83 12.28 15.39 14.50
Crossbreeds
F1 LDR x LRW cross 15.58 12.48 14.88 14.51
R1 LRW x LDR cross 15.41 11.87 15.45 14.05
Average 15.50 12.18 15.17 14.28
Heterosis, % -2.09 -0.86 -1.43 -1.48
Maternal effect using Large 
White dam

+0.17 +0.61 -0.57 +0.46

Maternal effect using 
Landrace dam

-0.17 -0.61 +0.57 -0.46

Improvement due to heterosis (including reciprocal or maternal effects)
F1 cross -0.32 -0.10 -0.22 -0.21
F1 LDR x LRW cross -0.15 +0.51 -0.79 +0.25
R1 LRW x LDR cross -0.49 -0.71 +0.35 -0.67
Predicted crossbred performance
F1 cross 15.50 12.18 15.17 14.28
F1 LDR x LRW cross 15.67 12.79 14.60 14.74
R1 LRW x LDR cross 15.33 11.57 15.74 13.82

Maternal and reciprocal effects were computed as F1 minus R1 and R1 minus F1, respectively.

 In conclusion, the average BFT was significantly lower in boars than in gilts. The 
average BFT increases with higher average daily gain, longer body length, older and heavier 
pigs at the end of the performance test. Landrace pigs had higher average BFT than Large 
White pigs. The average BFT was lower in F1 crossbred pigs compared to the average BFT 
of purebred pigs. While a lower backfat thickness in performance-tested pigs belonging to 
Landrace and Large White breeds may be achieved by selection based on breeding values 
(additive genetic values), this study shows that a lower backfat thickness may also be ex-
pected in young F1 Landrace x Large White crossbred pigs, due to both heterosis and recip-
rocal effects (non-additive genetic values). In future studies, the associations of average BFT 
in F1 Landrace x Large White crossbred gilts with their reproductive performance should be 
investigated.
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