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1 Introduction
Recently, meat quality has become a concern in the swine 

market due to the selection for high lean growth, which results in 
an overall decrease in intramuscular fat deposition and tenderness 
(D’Astous-Pagé et al., 2017; Liu et al., 2018; Zou et al., 2017). 
Among different strategies that have been used to improve quality 
in swine production is the use of crossbreeding of genetically 
improved pig breeds with non-selected local pig breeds, which 
is a potential alternative to improve pork quality through the 
increase in fat content. Increasing the fat quantity adds value to 
the product for consumption in natura as processed products. 
Several studies have identified the Piau local breed as a genetic 
source of meat quality traits such as higher intramuscular fat 
(Serão et al., 2011), and thus may be used in programs aiming 
to improve quality as well as resistance to disease and stress in 
crossbred swine (Veroneze et al., 2014). For these reasons, Piau 
pigs may also be successfully kept in organic farms.

However, because of the discrepancy between lean growth 
rate of non-selected pig breeds compared to a high growth 
rate of selected pig breeds, different nutritional requirements 
are expected for the crossbred pigs. In this context, the dietary 
lysine requirement is one of the main concerns, since it is the 
first limiting amino acid in typical swine diets that are based on 
corn and soybean meal and also has an intrinsic relationship 
with muscle growth. Consequently, animal performance and 
lean tissue deposition are dependent on digestible lysine dietary 

contents (Coble et al., 2018). Therefore, we aimed to evaluate 
the effects of the paternal genotypes and the nutritional plans 
with different digestible lysine contents on performance, carcass, 
and meat quality traits in crossbred pigs from growth to finish.

2 Materials and methods
2.1 Genetic groups and experimental diets

The experiment was carried out at the Pig Breeding Farm of 
the Universidade Federal de Viçosa, Brazil. The protocol for the 
current research project was approved by a Ethics Committee 
of the institution (Protocol nº 20/2014); the study was carried 
out according to the provisions of the Declaration of Helsinki 
available at WMA Declaration of Helsinki - Ethical Principles 
for Medical Research Involving Human Subjects.

A total of 52 barrows averaging 25.44 ± 3.27 kg of initial 
body weight and 50 gilts averaging 24.14 ± 3.87 kg of initial 
body weight at 70 days of age were used, and each animal was 
considered as an experimental unit. We used the Piau Brazilian 
local breed, Duroc-based line, and Pietrain breed as sires. Thus, 
the barrows’ genetic group was composed of 18 Piau crossbred 
pigs [G1 = Piau male x (Pietrainx Large White female)], 18 Duroc 
crossbred pigs [G2 = Duroc-based male x (Pietrain x Large 
White female)], and 16 Pietrain crossbred pigs [G3 = Pietrain 
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male x (Pietrain x Large White female)]. The gilt genetic group 
was composed of 16 Piau crossbred pigs (G1), 18 Duroc crossbred 
pigs (G2), and 16 Pietrain crossbred pigs (G3).

Pigs from each genetic group were randomly assigned to 
one of three nutritional plans based on digestible lysine (DL) 
levels as follows: Low (7g DL fed from 70 to 98 days of age; 
6g DL fed from 99 to 134 days of age; and 5g DL 135 to 156 days 
of age), Medium (9g DL fed from 70 to 98 days of age; 8g DL fed 
from 99 to 134 days of age; 7g DL 135 to 156 days of age), and 
High (11g DL fed from 70 to 98 days of age; 10gDL fed from 
99 to 134 days of age; and 9g DL 135 to 156 days of age). Diets 
were formulated based on corn and soybean meal and were 
supplemented with minerals, vitamins, and amino acids to meet 
the nutritional requirements of the animals with the exception 
of DL, according to Rostagno et al. (2011). The proportions of 
essential amino acids and DL were met according to the ideal 
protein concept (Rostagno et al., 2011).

2.2 Animal performance, slaughter, carcass data collection, 
and muscle sampling

The amount of feed that was provided and the leftovers 
were recorded daily to obtain the average daily intake (g/d) of 
rations and DL (g/d). Additionally, to obtain the average daily 
gain (g/d) and feed conversion rate (g/g), pigs were weighed 
(kg) at the beginning and at the end of the experimental period, 
which started at 70 days of age and finished at 156 days of age.

The pigs were slaughtered at 156 days of age after 16 h of 
fasting. Pre-harvest handling and slaughtering procedures was 
in accordance with good animal welfare practices, following 
the Sanitary and Industrial Inspection Regulation for Animal 
Origin Products (Brasil, 1997).

After the slaughter, each carcass was split into two identical 
longitudinal halves and chilled at 4 °C for 24 h. Following the 
postmortem chill, the carcasses were weighed to obtain the cold 
carcass yield values. Rib fat thickness (RFT) and loin eye area 
(LEA) were measured in the left cold carcass, 6 cm from the 
mid-line on the last rib.

Carcass pH was recorded at slaughter (pH0), at 45 min 
(pH45) after slaughter, and after thee 24 h postmortem chill 
(pH24) by using a pHmeter (Hanna-DIGIMED model DM-20) 
coupled to a penetration probe (DIGIMED, DME-CV1), which 
was inserted into the center of the Longissimus muscle in the 
left half-carcass between the 12th and 13th thoracic vertebrae.

Trimmed cuts consisted of ham with bones, picnic shoulder, 
loin, boston shoulder, and tenderloin. Cuts were obtained in the 
left half of the carcass 24 h after the postmortem chill, and the yield 
was calculated as a percentage of the left half of carcass weight.

At the end of the carcass fabrication, a boneless 12 cm thick 
Longissimus section was collected. Longissimus samples were 
individually vacuum packaged and frozen at − 20 °C. Each 
frozen Longissimus sample was standardized into two 2.54 cm 
thick steak samples (American Meat Science Association, 1995). 
All steaks were then vacuum packaged and kept at - 20 °C.

2.3 Instrumental color analysis

Instrumental color analysis was performed at the beginning 
of the carcass fabrication after the 24 h postmortem chill. Color 
measurements were taken of the Longissimus muscle at the 
10th rib after 30 min of blooming. A total of three readings 
of L*, a*, and b* values were obtained for each carcass. Color 
coordinates (L*, a*, and b*) were recorded with a digital Minolta 
CR300 chromometer (Minolta Co., Osaka, Japan). Coordinate 
a* ranged from red (+ a*) to green (− a*) and coordinate b* 
from yellow (+ b*) to blue (− b*) (Hunterlab, 1996).

2.4 Drip loss

Drip loss was determined according to the bag method 
described by Honikel (1985). Briefly, meat samples were collected 
24 h after postmortem from the 14th rib and were trimmed 
of visible fat and connective tissue. Then, meat samples were 
divided into two slices weighing approximately 120 g. Each slice 
was then hung from a hook under a lid in an airtight container 
and kept at 4 °C for 24 h. Following the 48 h chill, meat samples 
were weighed and the weight difference was divided by the 
initial sample weight.

2.5 Cooking loss

Cooking loss was evaluated for the meat samples that 
were also used for the Warner-Bratzler shear force (WBSF) 
measurement. Cooking loss of each sample was recorded after 
the steaks were oven-broiled. Total cooking loss was calculated 
as the difference between the weight of the steaks before and 
after oven-broiling.

2.6 Warner-Bratzler shear force measurement

For the WBSF evaluation, steaks were thawed at 4 °C for 
24 h and oven-broiled in an electric oven (Layr, LuxoInox) 
that was preheated to 150 °C. Internal steak temperatures were 
monitored by using 20-gauge copper–constantan thermocouples 
(Omega Engineering, Stamford, CT) that were placed in the 
approximate geometric center of each steak and attached to a 
digital monitor. When the internal steak temperature reached 
35 °C, the steak was turned over and allowed to reach an internal 
temperature of 70 °C before removal from the oven. Cooked 
WBSF steaks were cooled for 24 h at 4 °C (American Meat Science 
Association, 1995). Eight round cores (1.27 cm diameter) were 
removed from each steak parallel to the long axis of the muscle 
fibers (American Meat Science Association, 1995). Each core 
was sheared once through the center, perpendicular to the fiber 
direction by a Warner-Bratzler shear machine (G-R Manufacturing 
Company, Manhattan, KS, USA).

2.7 Intramuscular fat content

Powdered lyophilizated meat samples were analyzed 
for moisture by the Method 934.01 (Association of Official 
Analitical Chemists, 1990) and ether extract (EE) by the Method 
Am 5-04 (American Oil Chemists’ Society, 2009) to determine 
the intramuscular fat content.



Food Sci. Technol, Campinas, 39(3): 538-545, July-Sept. 2019540   540/545

Strategies to improve pork quality

2.8 Statistical analysis

Statistical analyses were individually performed for each 
sex. Variables of animal performance and carcass traits (with 
the exception of LEA and RFT) were analyzed through the 
following model (Equation 1):

ijk i j ij ijky m G N GxN e= + + + + 	 (1)

where:

iG : ith level of the fixed effect of genetic group;

jN : jth level of the fixed effect of nutritional plan;

ijke : random error associated with yijk.

The following model was used for LEA, RFT, and meat 
quality traits (Equation 2):

( )ijk i j ij ijk i ijky m G N GxN b W W e= + + + + − + 	 (2)

where:

iG : ith level of the fixed effect of genetic group;

jN : jth level of the fixed effect of nutritional plan;

ijkW : slaughter weight that was used as a covariate within the 
genetic group;

ijke : random error associated with yijk.

All analyses were performed using the proc Mixed procedure 
of SAS 9.4 (Statistical Analysis System Institute, Inc., Cary, NC, 
USA). Means were compared by Tukey`s test and differences 
were considered at P ≤ 0.05.

3 Results
3.1 Barrows

No interaction was observed between genetic group and 
nutritional plan for any of the performance, carcass, and meat 
quality variables that were evaluated in barrows (P > 0.05).

Final body weight (BWf) differed among genetic groups 
(P = 0.0001), where Pietrain and Duroc crossbred barrows had 
the greatest BWf while Piau crossbred barrows had the smallest 
values of BWf (Table 1). Similarly, the average daily gain (ADG) 
was affected by genetic group (P = 0.0001) where Pietrain and 
Duroc crossbred barrows had similar values of ADG, but their 
values were higher than the values observed for Piau crossbred 
barrows (Table 1). Consequently, feed conversion rate (FCR) was 
also affected by genetic group (P = 0.0001), where Piau crossbred 
barrows showed the greatest FCR values when compared to 
Pietrain and Duroc crossbreeds (Table 1).

As expected, the daily digestible lysine intake (DLI) differed 
among nutritional plan groups (P = 0.0001); barrows within 
the High nutritional plan group had the greatest value of DLI, 
followed by the Medium and Low nutritional plan groups 
(Table  1). These results demonstrate the effectiveness of the 
nutritional plans that were applied in the current experiment. 
Despite the difference in DLI among the nutritional plan groups, 
no effects of nutritional plans were observed for BWf (P = 0.18), 
ADI (P = 0.84), ADG (P = 0.10), and FCR (P = 0.09).

No differences were observed among genetic groups for cold 
carcass yield (CCY; P = 0.35; Table 1). Regarding LEA, Pietrain 
crossbred barrows had the greatest LEA (P < 0.01), followed 
by Duroc and Piau crossbred barrows, which in turn had the 
smallest LEA value among the genetic groups (Table 1). On the 
other hand, Piau crossbred barrows had the greatest value of 
RFT (P < 0.01) when compared to Pietrain and Duroc crossbred 
barrows, which did not differ from each other.

Regarding trimmed cut yields, the ham and loin yields 
were lower in Piau crossbreeds compared to Duroc and 
Pietrain crossbred barrows, which did not differ from each 
other (P = 0.0001; Table 1). The yield of the picnic shoulder 
(P = 0.0001) and boston shoulder (P = 0.0001) also differed 
among genetic groups, where the greatest value was observed 
for Pietrain, followed by Duroc and Piau crossbred barrows. 
For the tenderloin yield, the smallest value was also observed in 

Table 1. Effect of genetic group and nutritional plan of digestible lysine on performance and carcass traits of barrows.

Item
Genetic group CV

P-value
Nutritional plan CV

P-value
G1 G2 G3 (%) Low Medium High (%)

Initial body weight (kg) 24.52 26.06 25.65 12.86 0.39 24. 64 26.24 25.35 12.84 0. 37
Final body weight (kg) 90.86b 108.03a 104.28ª 9.98 0.0001 97.43 102.91 102.83 12.04 0. 18
Average daily gain (g/d) 781b 971ª 930ª 10.14 0.0001 858 905 919 13.27 0.10
Average daily intake(g/d) 2527 2607 2455 10.06 0.23 2503 2555 2531 10.33 0.84
Feed conversion rate(g/g) 3.25b 2.68ª 2.64ª 7.61 0.0001 2.93 2.86 2.77 12.09 0.09
Digestible lysine intake(g/d) 21.82 22.09 21.19 24.88 0.57 15.91c 22.15b 27.05ª 11.85 0.0001
Cold carcass yield (%) 78.90 77.84 79.01 3.19 0.35 77.94 79.39 78.41 3.10 0.23
Loin eye area (cm2) 25.37c 41.76b 44.51ª 15.55 0.0002 33.86c 40.01a 37.77b 26.35 0.003
Rib fat thickness(mm) 27.02ª 15.88b 14.35b 20.74 0.003 19.01 19.27 18.96 36.75 0.97
Ham (%) 22.46b 26.28ª 26.87ª 5.46 0.0001 25.24 25.14 25.23 9.48 0.97
Picnic shoulder (%) 14.04c 15.35b 16.23ª 7.01 0.0001 15.04 15.18 15.40 9.18 0.61
Tenderloin (%) 0.89b 0.98ab 1.05ª 15.02 0.02 0.96 0.99 0.97 16.34 0.79
Boston shoulder (%) 1.12c 1.31b 1.46ª 9.86 0.0001 1.29 1.28 1.31 14.53 0.76
Loin (%) 3.65b 5.32ª 5.52ª 9.44 0.0001 4.61b 4.89ª 5.00ª 19.39 0.04
CV: Coefficient of variation; G1 = Piau crossbreds; G2 = Duroc crossbreds; G3 = Pietrain crossbreds. Means with different letters differ at P ≤ 0.05 by Tukey`s test.
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Piau compared to Pietrain crossbred barrows (P = 0.02), while 
no differences were observed for Duroc and Pietrain crossbreed 
genetic groups.

With regards to nutritional plans, barrows that were fed diets 
with the Medium nutritional plan had a greater LEA, followed by 
those that were fed High and Low nutritional plans, respectively 
(P = 0.003; Table  1). An effect of nutritional plan was also 
observed for loin yield (P = 0.04), where barrows that were fed 
the Low plan had the smallest loin yield value when compared 
to barrows that were fed Medium and High nutritional plans. 
The remaining carcass traits and trimmed cut yields that were 
evaluated were not affected by the nutritional plan (P > 0.05).

No differences were observed for carcass initial pH, which 
was measured immediately after slaughter (pH0; P = 0.65), 
for pH measured at 45 min postmortem (pH45; P = 0.14), or 
for final pH measured at 24 h postmortem (pH24; P = 0.64) 
among genetic groups (Table 2). However, different values of 
drip loss were observed for pork from different genetic groups 
(P = 0.02), where barrows from the Piau crossbreed group had 
the smallest value for this variable when compared to Pietrain 
crossbred barrows.

Similar values of L* (P = 0.61), a* (P = 0.38), and b* (P = 0.91) 
were also observed among genetic groups (Table 2). Similarly, 
no differences in cooking loss (CL; P = 0.64), Warner-Bratzler 
shear force (WBSF; P = 0.75), and ether extract (EE; P = 0.54) 
were observed among genetic groups (Table 2).

Although the nutritional plan affected the carcass quality 
traits of barrows, it did not affect any of the meat quality variables 
that were evaluated in this study (P > 0.05).

3.2 Gilts

No interaction was observed between genetic groups and 
nutritional plans for any of the evaluated performance, carcass, 
and meat quality variables in gilts (P > 0.05).

The initial body weight (BWi) differed among the genetic 
groups (P= 0.0001; Table 3), where Durocs had the highest value 
of BWi followed by Pietrain and Piau crossbred gilts, respectively. 
Similar results were observed for BWf (P = 0.0001) and ADG 
(P = 0.0001) where Duroc crossbred gilts had the greatest value 
of BWf and ADG followed by Pietrain and Piau crossbred gilts, 
respectively (Table 3).

Table 2. Effect of genetic group and nutritional plan of digestible lysine on meat quality traits of barrows.

Item
Genetic group CV

P-value
Nutritional plan CV

P-value
G1 G2 G3 (%) Low Medium High (%)

pH0 6.43 6.35 6.41 4.44 0.65 6.42 6.28 6.48 4.30 0.13
pH45 6.34 6.25 6.11 5.05 0.14 6.24 6.23 6.24 5.56 0.99
pH24 6.05 6.08 6.12 5.63 0.64 6.03 6.19 6.03 5.54 0.32
Drip loss (%) 7.77b 9.61ab 11.14a 29.29 0.02 10.42 9.30 8.80 30.05 0.22
L* 59.87 61.54 60.70 5.07 0.61 61.96 60.28 59.88 4.75 0.11
a* 6.37 6.69 6.98 19.67 0.38 6.53 6.67 6.84 19.99 0.79
b* 15.24 15.53 15.50 7.34 0.91 15.33 15.52 15.42 7.35 0.89
Cooking loss (%) 20.39 21.40 21.86 22.15 0.64 21.00 20.64 22.01 22.19 0.69
Shear-force (kgf) 2.97 2.92 2.88 17.53 0.75 2.86 2.86 3.04 17.25 0.53
Ether extract (%) 2.20 2.46 2.32 19.84 0.54 2.44 2.19 2.35 20.23 0.30
CV: Coefficient of variation; G1 = Piau crossbreds; G2 = Duroc crossbreds; G3 = Pietrain crossbreds. Means with different letters differ at P ≤ 0.05 by Tukey`s test.

Table 3. Effect of genetic group and nutritional plan of digestible lysine on performance and carcass traits of gilts.

Item
Genetic group CV

P-value
Nutritional plan CV

P-value
G1 G2 G3 (%) Low Medium High (%)

Initial body weight (kg) 21.68c 26.46ª 24.10b 14.04 0.001 24.62 24.38 23.24 16.16 0.47
Final body weight (kg) 77.93c 107.08ª 91.88b 11.38 0.0001 91.88 92.88 92.13 17.51 0.96
Average daily gain (g/d) 659c 947ª 814b 13.39 0.0001 793 813 813 20.12 0.82
Average daily intake(g/d) 2110b 2498ª 2180b 11.22 0.0002 2282 2244 2262 13.68 0.73
Feed conversion rate(g/g) 3.25a 2.64b 2.68b 9.26 0.0001 2.93 2.78 2.86 13.32 0.25
Digestible lysine intake(g/d) 17.95b 20.88ª 18.17b 25.21 0.003 14.28c 18.90b 23.82ª 15.15 0.0001
Cold carcass yield (%) 76.57 77.62 78.10 2.48 0.08 76.66 77.91 77.72 2.53 0.13
Loin eye area (cm2) 25.82b 44.84ª 43.63ª 11.85 0.0001 36.93 38.39 38.97 25.82 0.40
Rib fat thickness (mm) 20.37ª 14.24b 10.50c 26.26 0.0001 14.93 15.33 14.85 37.94 0.94
Ham (%) 23.48b 26.33ª 27.40ª 3.87 0.0001 25.66 25.79 25.75 7.52 0.93
Picnic shoulder (%) 14.80 15.22 15.57 6.25 0.09 15.22 15.13 15.24 6.61 0.94
Tenderloin (%) 0.94b 1.04ª 1.07ª 12.57 0.03 1.02 1.02 1.01 13.57 0.96
Boston shoulder (%) 1.26b 1.34b 1.52ª 12.29 0.0003 1.34 1.37 1.41 14.55 0.53
Loin (%) 4.54b 5.62ª 6.02ª 12.38 0.0001 5.25 5.42 5.51 16.99 0.56
CV: Coefficient of variation; G1 = Piau crossbreds; G2 = Duroc crossbreds; G3 = Pietrain crossbreds; Means with different letters differ at P ≤ 0.05 by Tukey`s test.
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The ADI (P < 0.01), and consequently the intake of DL 
(P = 0.0002), were both affected by genetic group; Piau and 
Pietrain crossbred gilts did not differ from each other, but they 
were both lower than Duroc crossbred gilts (Table  3). Feed 
conversion rate was affected by genetic groups (P = 0.0001), 
where Piau had the greatest value of FCR compared to Pietrain 
and Duroc crossbred gilts (Table 3).

There was no effect of nutritional plan on any of the 
performance and carcass variables that were evaluated in gilts 
(P> 0.05; Table 3), except for intake of DL which differed among 
nutritional plans (P= 0.0001); this demonstrates the effectiveness 
of dietary treatments for the gilts groups (Table 3).

The LEA that was observed in Piau was lower than the 
LEA that was observed in Pietrain and Duroc crossbred gilts 
(P = 0.0001). On the other hand, the greatest value of RFT was 
observed in Piau carcasses, followed by Duroc and Pietrain 
crossbred gilts, respectively (P = 0.0001; Table 3).

Piau crossbred gilts had the lowest ham (P = 0.0001), 
tenderloin (P = 0.03), and loin (P = 0.0001) values compared 
to the remaining breeds (Table 3). The greatest value of boston 
shoulder was observed in Pietrain when compared to Duroc 
and Piau crossbred gilts (P = 0.0003). Yields of cold carcass 
(P = 0.08) and picnic shoulder (P = 0.09) did not differ among 
genetic groups (Table 3).

No changes were observed for any meat quality variables 
that were evaluated among genetic groups (P > 0.05), with the 
exception of drip loss (P = 0.01) which was greater in pork from 
Pietrain compared to Duroc and Piau crossbred gilts (Table 4).

The nutritional plans did not affect any of the meat quality 
variables that were evaluated (P > 0.05) with the exception of 
ether extract (P = 0.01), which was greater in gilts that were fed 
Low versus High nutritional plans (Table 4).

4 Discussion
4.1 Barrows

A lower final body weight was observed in Piau crossbred 
barrows as expected, as these have a greater fat deposition when 
compared to the other breeds that were evaluated. Moreover, the 

Piau breed has a slow growth compared to Duroc and Pietrain 
pigs, which in turn were selected for their high growth rate as wells 
as their low feed conversion rate (Wood et al., 2004). Low feed 
conversion rates observed in Duroc and Pietrain crossbred 
pigs may be explained by high ADG values compared to Piau 
crossbred pigs, since the average daily intake was unaffected 
between genetic groups.

The nutritional plans did not affect any of the performance 
variables, only increased the digestible lysine daily intake, 
because pigs can tolerate a considerable excess of amino acids 
in the diets, including lysine, without changing the voluntary 
feed intake (Kerr et al., 2003).

In general, Duroc and Pietrain crossbred barrows had greater 
trimmed cut yields and lower values of RFT than Piau crossbred 
barrows. Such results may have occurred as a consequence of the 
intense selection process for lean growth and the decrease in fat 
that both Pietrain and Duroc have undergone (Cameron et al., 
2000; Fabian et al., 2003).

Pigs that were fed Medium and High nutritional plans had 
greater LEA compared to those that were fed a Low nutritional 
plan, thereby confirming that the content of dietary digestible 
lysine directly affects protein deposition (Katsumata et al., 2018). 
It is worth noting that greater values of LEA were observed 
concomitantly with the improvement inthe feed conversion 
rate of barrows. This clearly demonstrates that the change in the 
composition of BW gain of barrows is due to a greater skeletal 
muscle deposition.

Differences observed in drip loss among genetic groups 
may be explained by the differences in muscle type fibers of the 
Longissimus muscle. According to Choe et al. (2008) and Li et al. 
(2016), the Longissimus muscle is mainly composed of type IIB 
fibers (glycolytic) and contains a low proportion of type I fibers 
(oxidative), thereby leading to a high concentration of lactate 
within the first hour postmortem. Additionally, the frequency 
of type I fibers is positively associated with the carcass pH at 
45 min postmortem and negatively associated with drip loss 
(Kim et al., 2018). Thus, the Piau crossbred barrows probably 
had a high frequency of type I and low frequency of type II 
muscle fibers in the Longissimus muscle compared to the 

Table 4. Effect of genetic group and nutritional plan of digestible lysine on meat quality traits of gilts.

Item
Genetic group CV

P-value
Nutritional plan CV

P-value
G1 G2 G3 (%) Low Medium High (%)

pH0 6.41 6.28 6.36 5.06 0.59 6.26 6.34 6.45 4.88 0.25
pH45 6.31 6.27 6.14 4.95 0.22 6.21 6.25 6.25 4.96 0.55
pH24 6.04 6.16 6.11 5.43 0.79 6.02 6.00 6.29 5.35 0.36
Drip loss (%) 6.85b 7.37b 10.24a 34.04 0.01 8.07 8.16 7.60 36.27 0.31
L* 59.76 59.91 59.46 4.59 0.75 60.33 59.65 59.16 4.66 0.25
a* 6.22 7.25 6.58 19.05 0.71 7.24 6.02 6.78 18.36 0.08
b* 14.97 15.62 14.93 7.01 0.74 15.28 15.14 15.10 6.97 0.29
Cooking loss (%) 20.00 21.82 22.12 13.08 0.33 22.13 20.47 21.34 13.80 0.72
Shear-force (kgf) 3.55 3.16 3.37 22.91 0.75 3.18 3.25 3.65 22.23 0.18
Ether extract (%) 2.35 2.23 1.94 25.59 0.49 2.53ª 2.01ab 1.97b 22.81 0.01
CV: Coefficient of variation; G1 = Piau crossbreds; G2 = Duroc crossbreds; G3 = Pietrain crossbreds. Means with different letters differ at P ≤ 0.05 by Tukey`s test.
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other genetic groups that were evaluated, since the frequency 
of glycolytic muscle fibers may vary among breeds (Chen et al., 
2018). A greater frequency of type I and lower frequency of type 
II muscle fibers in the Longissimus muscle of a local pig breed 
(Pulawska) compared to commercial pig breeds (Wojtysiak & 
Połtowicz, 2014) supports our hypothesis.

4.2 Gilts

Gilts were initially selected to have similar BWi among genetic 
groups and nutritional plans. However, BWi differed among genetic 
groups due to the discrepancy in their growth rate (Cameron et al., 
1990), which in turn affected the growth rate curve and the BW 
at maturity (Fisher et al., 2003). Therefore, the BWf was certainly 
affected by the BWi of the gilts. Moreover, the discrepancy from 
each paternal breed that was used in the present study to compose 
the genetic groups affected the performance traits. Duroc pigs 
have a high BW gain as one of the main characteristics of the 
breed (Wood et al., 2004), while Pietrain pigs have a low feed 
intake (Bertol et al., 2013) compared to other genetically improved 
breeds, and the Piau breed is mainly characterized by its slow 
growth rate (Faria et al., 2009; Peixoto et al., 2009).

The low feed intake of Pietrain compared to Duroc crossbred 
gilts is due to the selection process for a low feed conversion 
rate and high lean growth that Pietrain has undergone, which 
has negatively impacted their voluntary intake (Bertol  et  al., 
2013). Thus, it was expected that Duroc crossbred gilts pigs 
would present with a greater feed intake value since Duroc 
have been reported to have greater feed intakes compared to 
other breeds that were used in genetic improvement programs 
(Augspurger et al., 2002).

As no difference was observed for average daily intake 
of gilts, the increase in digestible lysine intake was due to the 
different contents of this amino acid in the nutritional plans 
that were evaluated.

The greater HCY of Duroc and Pietrain compared to Piau 
crossbred gilts was due to their greater slaughter weight and 
carcass composition, since a greater RFT and lower LEA were 
observed in carcasses of Piau compared to Duroc and Pietrain 
crossbred gilts. The amount of subcutaneous fat is negatively 
correlated with the amount of lean tissue (Suzuki et al., 2005), 
and consequently contributes to a decrease in the trimmed cuts 
yield. Thus, the greater LEA and trimmed cuts yield that were 
observed in Duroc and Pietrain crossbred gilts clearly demonstrates 
their greater ability for lean tissue deposition compared to Piau 
crossbred gilts (Edwards et al., 2003, 2006; Wood et al., 2004).

The drip loss from crossbred gilts was different among 
genetic groups, where meat from Duroc and Piau crossbred 
gilts had the smallest value of drip loss compared to the other 
genetic groups. This was likely due to differences in frequency 
of muscle fiber type among breeds, as previously discussed 
in barrows, since Pietrain crossbred gilts may have a higher 
frequency of glycolytic muscle.

The intramuscular fat that was measured by quantification 
of ether extract content of meat was higher with the decrease 
in lysine in nutritional plans, similar to others’ observations 

(Katsumata  et  al., 2018). Collectively, these results indicate 
that intramuscular fat content may change according to the 
variation in digestible lysine of nutritional plans when the 
dietary content of this amino acid is lower than the amount 
required by the animals.

It has been reported that pigs that are fed low contents of 
lysine have greater mRNA abundance of PPARγ and SREBP-1, thus 
showing greater lipogenesis in the skeletal muscle (Schadinger et al., 
2005), which may have occurred in this particular experiment. 
Additionally, the free L-carnitine content was lower in the skeletal 
muscle of pigs that were fed low contents of digestible lysine 
(Katsumata et al., 2005). Thus, since L-carnitine plays a crucial 
role in lipid oxidation by transporting fatty acyl-CoA through the 
mitochondrial membrane, the low contents of digestible lysine 
may have decreased the lipid oxidation allowing the deposition 
of fatty acids in the skeletal muscle.

5 Conclusions
In the current study, Duroc and Pietrain crossbred barrows 

and gilts had greater performance and carcass yields compared 
to Piau crossbred pigs. There was no interaction between genetic 
group and nutritional plans for all traits, and few traits were 
affected by the nutritional plan. However, the genetic background 
of the pig during the growing-finishing phase seems to depend 
on the response to dietary lysine.
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