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Abstract

Hybrids and different breeds of swine have distinct capacity for productivity and therefore have
different nutrient requirements to satisfy their needs. Contemporary swine breeds had high genetic
potential for gain and deposition of more meat which made them sensitive to the lack of protein and
amino acids. Determination of protein and amino acid requirements in recently created crossbreeds
was an important factor contributing to the determination of their capacity for optimal gain and
utilization of feed. When establishing the requirements for new origins, the defining factors in the
feeding strategy included genotype, type of used feed, protein levels in rations providing a reduction
of nitrogen pollution in the environment, protein nutrition, content of intramuscular fats in carcasses
and meat quality.
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Pe3rome

CBHUHETE OT Pa3NUYHHUTE TMOPOAN M XHUOPUAM MMAT PA3IMUCH KalalHuTEeT 3a MPOTYKTHBHOCT H
CIIEZIOBATEIIHO Pa3IMYHU MOTPEOHOCTH OT XPAaHUTETHH BEIIECTBA, KOUTO JIa 33J0BOJIIBAT TEXHUTE
HyX 1. CbBpeMEHHHUTE MMOPOAH CBUHE Ca C BUCOK I'€HETHYEH MOTEHIIMAJ 32 PACTEeX U OTJIaraHe Ha
MOBEYE MECO U TOBA I'M IIPaBU MHOT'O UyBCTBUTEIHHU KbM HEIOCTUTA HA MPOTEUH U AMUHOKHCEITHHH.
OmnpenensiHeTo Ha MOTPEOHOCTUTE OT MPOTEHH U AaMHUHOKHCEIIMHY ITPH HOBOCH3/1aBAaHUTE KPBCTOCKU
e BaykeH (paKTop, CrioMaraii 3a JIeTepMHUHHAPAHE Ha KalauTeTa UM 33 ONTHMAJIEH MPUPACT U OIOoJI-
30TBOpsiBaHe Ha (pypaxa. [Ipu ycTaHOBsIBAaHE MOTPEOHOCTUTE HA HOBUTE MPOU3XOAH, OMPEICIISIIN
(akTOpH B CTpaTerusiTa Ha XpaHeHE ca TEHOTHUIIA, BUAA HAa U3NOI3BAHUTE Qypaku, Ta)KOCHUTE paB-
HUIIIA HA TPOTEHH, OCUTYPSBAIIH TIOHMKEHHE HA A30THOTO 3aMbPCABAaHE Ha OKOJIHATA cpefia, poTe-
MHOBO XpaHEHE U CHhIbP)KaHUETO Ha HHTPAMYCKYJIApHH Ma3HHHU B TPyTIa M KaY€CTBOTO HA MECOTO.

Kntouoeu oymu: npotenH, NoTpeOHOCTH, CBUHE, TPOU3XO]T

Hybrids and different breeds of swine have  like genetic variations, environment, presence of
distinct capacity for productivity and therefore  nutrients in rations, illnesses and others can in-
have different nutrient requirements to satisfy  crease the requirements for optimal productivity.
their needs for life sustainability, gain, repro-  Providing digestible and metabolizable energy,
duction, lactation and other functions. Factors  protein and amino acids to grower pigs, as needed
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according to their requirements, was an essential
part of a balanced diet for good productivity and
healthy nutrition. In recent decades, swine nutri-
tion science has focused, on the one hand, on the
nutrition efficiency expressed in balancing pro-
tein and energy required to obtain optimal pro-
ductivity and, on the other, a balanced protein /
amino acid ratio to reduce nitrogen pollution in
the environment.

Crossbreeding of specialized lines in differ-
ent hybridization patterns allowed the use of the
maximum degree of non-additive genetic effects
(Rothschild and Ruvinsky, 2010).

Nutrition requirement evaluations for fat-
tening pigs from different hybrid combinations
have had significant importance for pig breed-
ing. Contemporary swine breeds have high ge-
netic potential for gain and deposition of more
meat which makes them sensitive to the lack of
protein and amino acids. Determination of pro-
tein and amino acid requirements in recently
created crossbreeds is an important factor con-
tributing to the determination of their capac-
ity for optimal gain and utilization of feed. Not
meeting the needs for protein and nutrition has
led to lower productivity values, while the ap-
plication of high protein ratios can also have a
negative effect on the occurrence of toxicity, an-
tagonism and imbalance of ration, as well as to
environmental pollution (Van Lunen and Cole,
2001; NRC, 2012).

Protein concentration was not only important
as a source of essential amino acids, but also af-
fected the immune system. Animal studies have
confirmed that protein deficiency impairs im-
mune status.

Determination of nutrient digestibility from
ration and nitrogen balance was part of this as-
sessment. Digestibility has been studied by a
number of scientists in different hybrid com-
binations (Kodes, 2003; Ilchev, 2012; Ganchev
and Ilchev, 2013; Shulaev et al., 2014), as well as
purebred Danube White when testing different
nutritional factors (Nedeva, 2002; Kanev, 2008;
Yordanova, 2014).

Studies in the field of protein and amino acid
swine nutrition were connected to the animal
genotype, growth intensity, live weight and age,

type of used feed and availability of amino acids
in the feed.

Genotype

A main factor that determined the daily re-
quirements for essential amino acids and ener-
gy was the protein deposition in the organism
(Black and de Lange, 1995).

The evaluation of the productive qualities of
fattened pigs from different hybrid combina-
tions was important in pig breeding (Dimov et
al., 1986; Angelov et al., 1993; Stoykov et al.,
1993; Stoykov and Gineva, 1999; Apostolov et
al., 2006). In studies made by various authors
(Panayotov, 1986; Shostak, 1998; Shostak et
al., 1999) was established that separate hybrid
combinations were with different requirements
for nutrients. Knowledge of the animal require-
ments was one of the conditions for a complete
and efficient production of pork.

Liu et al. (2015) reported that different pig
genotypes had different requirements of protein
and energy. Their studies showed that in Bama
miniature pigs, unlike the Landrace breed, the
protein/energy ratio did not affect the growth,
which was lower. However, the meat quality of
miniature pigs was better than that of Landrace.

According to Pham et al. (2010) optimal pro-
ductivity for three different genotypes (Mong
Cuai breed, F1 and F2) was achieved at different
levels of protein ration (from 13.1% crude protein
to 18.9%). For the Mong Cai (MC) breed, maxi-
mum gain was obtained in 13.1% of the protein
ration, while in FI1-F2 — 16.0-18.0% of the pro-
tein in the compound feed. Protein levels also af-
fected feed consumption - in the Mong Cai breed
consumption was with the highest values — 13.1%
protein and those in F1-F2 — with 16.1% protein.
The authors conclude that optimum productivity
for Mong Cai pigs, F1-MC x Big White and F2
— (Landrace x MC) x Big White, was achieved
with different crude protein content.

Warriss et al. (1983) showed that different
genotypes may respond differently to different
environmental factors.

Our study (Apostolov et al., 2015) showed
that the crossbreeds Danube White x (EL x P)
X Danish Landrace x Danube White x (EL x P)
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significantly exceed over purebred swine (DW)
in regards to average daily gain (fig.1) and feed
consumption for kg gain (fig. 2).

Protein and amino acids — requirements

Precise animal husbandry has an innovative
precision feeding approach that incorporates
feeding techniques that take into account the nu-
tritional composition of feed for group or indi-
vidual rasing and for increasing the profitability,
efficiency and sustainability of farms (Cangar
et al., 2008; Hauschild et al., 2012; Pomar and
Pomar, 2012; Andretta et al., 2014; Pomar et al.,
2014; Andretta et al., 2016). This approach re-
quired feeding of pigs with rations that were pur-
suant daily with their individual requirements.
According to Pomar et al. (2019), the number
of feeding phases could have been increased in
order to avoid excess supply of nutrients to the
pigs. Daily corrections of the rations were rec-
ommended by authors, so that nutrients can be

reported more precisely and nutrient efficiency
can be improved.

The high level of protein in rations during the
fattening period allowed animals to show their
potential for muscle gain (Lebret et al., 1999).

Gloaguen et al. (2014) indicated that crude
protein content in grower pigs’ rations can be re-
duced when indispensable amino acids and total
nitrogen are provided. Feeding practices in pig
farming include the use of soy sources of pro-
tein to provide lysine requirements (Houmard et
al., 2007), which however lead to high protein
rations. Such rations lead to an excess of other
amino acids and excretion of excess nitrogen
in the feces and urine. On the other hand, the
protein fermentation in the back of the digestive
tract could lead to a decrease in intestine health.
In studies made by Kerr et al. (2003), Nyachoti
et al. (2006), Yue and Qiao, (2008), Fan et al.
(2017) protein reduction and supplementation
with indispensable amino acids (L-lysine, DL-
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methionine, L-threonine and L-tryptophan) in-
creased nitrogen utilization, reduced feed costs
and nitrogen excretion and ensured intestine
health without adversely affecting productivity.

The decrease of crude protein in pig yields
has been associated with a decrease in the lev-
el of soybean sources, which according to Zu-
ercher et al. (2006) may partially improve im-
mune stress in weaned piglets. Ma et al. (2010)
indicate soy-containing anti-nutritional factors
such as trypsin inhibitor, agglutinins, antigenic
proteins, isoflavones and alkaloids that reduce
nutrient digestion. The undigested proteins in
soybean according to Li et al. (1991) can enter
the lymph and blood through gut epithelial cells,
which stimulates hypersensitivity in piglets.

A number of studies (Wu et al., 1999; Kim et
al., 2007; Wang et al., 2010) indicate that low lev-
els of protein and added synthetic amino acids in
rations shaped the genetic expression, decreased
excess body fat, increased skeleton muscles,

improved immunological protection and mini-
mized intestinal disorders and according to Van
Der Meer et al. (2016) improved the resistance to
subclinical and clinical diseases.

Yue et al. (2008) reported contradictory re-
sults when crude protein in mixtures was de-
creased with more than 3%. Roux et al. (2011)
reported that productivity was decreased when
crude protein was reduced with 4,8% and amino
acids were increased.

Protein, amino acids and environment

The main environmental pollutants from pig
production have been nitrogen and phosphorus
pollution, heavy metals, ammonium emissions
and methane (Aarnink and Vertegen, 2007).
The authors state that nutrition was a key factor
for reducing pollution. The main pathway for re-
ducing nitrogen and phosphorus contamination
was to reduce protein ration and the addition of
limiting amino acids and phytase. The nutrition
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strategy, described by the authors, for reducing
heavy metals included the search of alternative
natural products and growth promoters to sub-
stitute Cu and Zn in combined feed and less Cd
contaminated feed.

Ball et al. (2013) studied the effect of crude
protein and available lysine levels on rations of
grower pigs in relation to decreased N excretion.
The authors reported that pigs below 40 kg live
weight and 13 weeks of age require rations with
higher levels of protein and lysine than those
tested — 19.3% crude protein and 0.82% lysine,
while those above 40 kg live weight, crude pro-
tein content can be reduced without adversely
affecting productivity. The decrease of protein
ration reduced the N excretion in the conducted
experiments. However, finding the optimal levels
of crude protein and lysine to maximize produc-
tivity while reducing nitrogen excretion, accord-
ing to the Nitrates Directive (England, Northern
Ireland), remains a subject of study.

Protein ration and carcass quality

Meat qualities, as well as muscle fiber type,
depend on the genotype of the individual (Kras-
nowska G. and Salejda, 2008) on nutritional fac-
tors and movement.

In recent years nutrition sciences have been
increasingly focused on the determination of
the effect of protein and fat ration levels in raw
materials on the content of intramuscular fat
in carcasses. With this purpose, Maeda et al.,
2018 carried out studies evaluating the effects
of high levels of protein and fat at adequate lev-
els of lysine on the growth capacity of fattened
pigs and carcass characteristics. Maeda et al.,
2018 established that cereal byproducts can be
used (bread, noodles and others), which provide
protein in rations with the addition of synthetic
lysine for the production of marbled meat with a
higher percentage of intramuscular fats.

Growth intensity and slaughter traits were in-
fluenced not only by genotype and environment
but also by nutrition and in particular by the pro-
tein content. Campbell et al. (1985) reported that
an increase in protein level in ration has led to

the deposition of less fat in the carcasses with the
same intake of exchange energy.

Wang et al. (2018) found that lysine deficien-
cy in rations (0.43% versus 0.71% and 0.98%, re-
spectively) increased the proportion of monoun-
saturated acids and decreased the proportion of
polyunsaturated acids, which may be beneficial
for the taste of pork.

Research of Pires et al. (2016) indicate that the
use of reduced protein rations was a good strat-
egy for increasing intramuscular fat (IMF). As a
result of low protein rations, the increased intra-
muscular fat (IMF) has been connected to lysine
restriction. The authors established that low pro-
tein rations had affected the protein quantities re-
lating to type and structure of fibers and energy
metabolism. Increased IMF has been considered
to be mediated by shifting the metabolic proper-
ties of fibers from glycolytic to oxidizing.

Madeira et al. (2017) conducted an experi-
ment with 40 male pigs (60—93 kg live weight) to
evaluate the pig genotype and the level of protein
ration on the content of IMF. With this research
they established that protein ration decrease has
increased IMF in red muscles without impact-
ing the transformation of glycolytic fibers into
oxidizing.

Conclusion

Establishing nutrient and energy require-
ments for different crossbreeds and breeds is
necessary to ensure productive traits, health
and carcass composition and meat quality, while
protecting the environment from nitrogen and
phosphorus pollution. Effective pork produc-
tion mainly is connected to nutrition efficiency
and type of used feed and supplements. Protein
and amino acid levels in rations are a funda-
mental factor in nutrition efficiency. Other fac-
tors also have to be taken into account, such as
genotype, live weight at the beginning and at
the end, level of feed intake, growth intensity,
immunological status, etc. It is clear that, given
this large number of factors, all of them have
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to be taken into account when determining the
nutrition strategy.
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