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Abstract: The nutritional quality of meat from pigs of the indigenous Prestice Black-Pied pig (PB) and the three-breed 
commercial hybrid of Large White × Landrace × Large Whitesireline (CH) was compared using these indicators: content 
of  intramuscular fat, protein, saturated fatty acids (SFA) and essential amino acids (EAAs). The protein content and 
energy value of PB and CH meat were 20.12% and 22.56%, and 426.77 kJ·(100 g)–1 and 443.01 kJ·(100 g)–1, respectively. 
The lowest fat content (1.33%) and SFA content (0.33%) were found in the meat of commercial hybrid pigs. Leucine and 
lysine were the most predominant EAAs detected. Valine and leucine are the limiting AAs in studied meat as a protein 
source for children at 0.5–2 years of age. The compositions of AAs in PB and CH pork fully meet the protein needs 
of  children over 2 years of  age and adults. The  calculated amount of  pork meat provides the required daily intake 
of AAs and ensures 5–8% energy for children and 8–11% energy for adults at moderate physical activity. In general, the 
meat of Prestice Black-Pied pig and of the commercial hybrid showed the high nutritional value and quality and it can 
be recommended for consumption in the diet by children and adults.
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Traditionally, people have always consumed natural 
products of animal (meat, milk) and plant origin (fruits, 
vegetables, cereal crops, legumes etc.), poultry prod-
ucts, fish, seafood. Despite the recent use of additional 
synthetic sources of nutrients, meat remains the prima-
ry source of complete, digestible protein in the human 
diet. Due to the closeness of the chemical composition 
of meat, its structure and properties to the proteins of the 
human body, meat occupies a special and essential place 
in  the system of  rational human nutrition as  a  source 
of protein (Drewnowski 2024; Zduńczyk et al. 2024).

Proteins are very important dietary macronutrients 
required for life with various metabolic and physio-
logic functions, including the regulation of appetite, 
food intake, body weight, and body composition. 
Their role in  the regulation of  blood pressure, glu-
cose and lipid metabolism, bone metabolism, and 
the immune system has long been known and widely 
described (Górska-Warsewicz et al. 2018; Wolfe et al 
2018; Penkert et  al.  2021). Animal proteins contain 
so-called ‚indispensable' (IAA) or  ‚essential' (EAAs) 
amino acids (AAs), which play a  specific supporting 
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role in  stimulating the body growth, physiological 
functions of  the human body, mental abilities, posi-
tively affect the absorption and digestibility of other 
food components and enable vitamins and miner-
als to  fulfil all their physiological functions (Datlow 
et  al.  2023; Leroy et  al.  2023). EAAs cannot be  syn-
thesised by the human body and therefore they must 
be supplied by diet including meat.

There are many publications that analyse the quality 
of pork meat based on technological quality attributes 
(Rosenvold and Andersen 2003), genetic background 
of  quality characteristic based on  molecular markers 
(Kowalczyk et al. 2022), a multitude of factors, includ-
ing genetic characteristics, rearing systems, feed com-
position, gender differences, pre-slaughter handling, 
and meat aging processes (Pandey et  al.  2024), mus-
cle fibre staining techniques (Lebedová et  al.  2020), 
the breed composition for purebred and crossbred 
pigs (Lin et al. 2024), as well as comparison among pig 
breeds (Li et al. 2013; Tu et al. 2025).

The present research is  focused on  the evaluation 
of  differences in  the quality of  pork meat from Czech 
pig breeds based on  its nutritional and energy value, 
as well as amino acid score which indicates compliance 
with amino acid requirements. These breeds include 
Prestice Black-Pied pig (PB), which is  currently kept 
in a closed population in the Czech Republic according 
to the National Programme for Farm Animal Resourc-
es, which belongs to European Regional Focal Point for 
Animal Genetic Resources. The breed is characterised 
by average fertility, good longevity, strong constitution 
and adaptability, it shows worse values of feed conver-
sion, lower growth intensity, worse carcase value traits, 
but better meat quality parameters, such as pH and drip 
loss value in comparison with a commercial hybrid (Ma-
toušek et  al.  2016; Nevrkla et  al.  2023). The  objective 
of this study is to analyse and compare the nutritional and 
energy value of two pig populations: Prestice Black-Pied 
pig and a commercial hybrid of Large White × Landra-
ce × Large Whitesireline (CH), based on their meat com-
position, particularly fat and amino acid content in the 
longissimus lumborum et thoracis (MLLT) muscle which 
were reported in the study by Nevrkla et al. (2023).

MATERIAL AND METHODS

The study was carried out on  a  total of  39  pigs 
[19 barrows (B) and 20 gilts (G)] of the indigenous PB 
and 37 pigs (17 B and 20 G) of  the three-breed com-
mercial hybrid of  CH. A  detailed description of  the 
experimental methodology (animals, housing, feeding 

etc.) is given in Nevrkla et al. (2023). The animals were 
kept in  operational conditions of  a  production farm 
in the Czech Republic in accordance with Council Di-
rective 2008/120/EC.

After termination of  fattening, the pigs were trans-
ferred from the experimental facility to  a  slaughter-
house located within 40 km. The  animals were left 
to rest for about 2 h before slaughter. Then, they were 
slaughtered by electrical stunning (350 V, 4 A) and ex-
sanguination. The carcasses were processed and cooled 
to 4 °C. After 24 h, samples (150 g) of MLLT were col-
lected between the second and the third last rib and 
transported in  a  portable fridge to  the laboratory for 
further analysis (Nevrkla et al. 2023).

The moisture content of  samples was determined 
according to ISO 1442:2023, while the dry matter con-
tent in  the samples was determined according to  ISO 
936:1998. The  intramuscular fat (IMF) content in  dry 
matter was analysed after extraction with petroleum 
ether on  the Soxhlet  1043 device (FOSS Tecator AB, 
Hoganas, Sweden) as described in  ISO 1444:1996. Ni-
trogenous compounds were determined using the 
Kjeltec Auto 1030 Analyser (FOSS Tecator AB, Hoga-
nas, Sweden), the values obtained were then converted 
to  meat protein content by  a  factor of  6.25 according 
to ISO 1871:2009. The automated AA analyser AAA 400 
(INGOS Ltd., Prague, Czech Republic) equipped with 
an ion-exchange column was used to determine the AA 
content in  meat after acid hydrolysis of  protein mole-
cules with 6  M hydrochloric acid. Chromatographic 
software ChromuLan (INGOS Ltd, Prague, Czech Re-
public) was used to estimate AA content.

The data were analysed in SAS version 9.1 software 
(SAS Institute Inc., USA) and MS Excel using standard 
statistical functions (SD, t-test).

The energy value of meat, expressed in kJ per 100 g, 
was calculated using these energy equivalents: 17 kJ for 
protein and 37 kJ for fat according to the recommenda-
tions of Regulation (EU) No 1169/2011.

A  special programme was written to  calculate the 
amino acid score, energy value and the amount of con-
sumed meat, taking into account the following parame-
ters: amino acid composition, amino acid requirement, 
identification of limiting amino acids, age of consumer, 
their gender, weight and physical activity level.

RESULTS AND DISCUSSION

There are many different types of dietary quality in-
dices based on  current nutritional knowledge and ex-
perience that are used to  assess overall dietary intake, 
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evaluate dietary patterns and categorise individuals 
according to  their eating behaviour (Schwingshackl 
et al. 2018; Verger et al. 2021; Harrison et al. 2022). How-
ever, different approaches are mainly driven by arbitrary 
choices due to the lack of knowledge of healthy diets and 
unresolved methodological problems (Gil et al. 2015).

To assess the nutritional, biological and energy val-
ues of pork meat, the indicators based on the chemical 
composition of  meat were selected: fat, protein, SFA 
and EAAs content. These four indicators are sufficient 
for an initial and simple assessment of the overall nutri-
tional quality of meat based on its composition and for 
calculating and comparing the energy value of different 
food products. Because pork meat can contain varying 
amounts of fat, a part of pork meat, the MLLT, is used 
as the reference standard to compare meat quality.

Daily reference intakes (DRI) for energy and selected 
nutrients for adults are presented in Table 1 and they are 
generally established in accordance with the recommen-
dations of  Regulation (EU) No  1169/2011, Joint FAO/
WHO/UNU Expert Consultation (2007), guidelines 
by WHO (2023a, 2023b), and FAO (2003). Table 1 sum-
marises the main components and nutrients of pig meat 
based on  the average values of PB and CH pork meat 
properties that were presented by Nevrkla et al. (2023). 
These properties are related to ensuring nutritional, bi-
ological and energy values of the product, which allows 
us to assess its quality based on the average values of PB 
and CH pork meat properties. As can be seen from Ta-
ble 1, there is a difference in the content of proteins be-
tween PB (20.12%) and CH (22.56%) meat, fat between 

PB (2.29%) and CH (1.61%) meat, as well as correspond-
ingly low content of SFA (0.3–0.5%). These results are 
expected since a certain proportion of CH pigs are bred 
to reduce the fat content of pork meat, taking into ac-
count the desires and preferences of  those consumers 
who increasingly prefer to eat leaner meat. On the other 
hand, some consumers consider that the intramuscular 
fat content of pork meat should be between 2.5% and 
3.0% (Siemiński et al. 2023) for the optimum taste and 
flavour of  food, and PB meat fulfils their preferences. 
According to consumer and industry criteria, CH pigs 
increase their productivity due to favourable high feed 
conversion efficiency, rapid growth rates, meat quality, 
and economic advantages (Sarmiento-García and Viei-
ra-Aller 2023).

Comparison of the pork meat composition with daily 
reference intake for nutrients shows that 100 g of pork 
meat has an energy value of 426 kJ (PB) and 443 kJ (CH), 
provides 3% of  the daily total fat intake, including 2% 
of  SFA, and provides 50% of  protein intake, including 
50% of EAAs. Taking into account the conversion fac-
tor for calculating the energy, 100 g of  meat provides 
5–5.5% of the reference energy intake (which is 8 400 kJ 
per day), including 4–4.5% due to proteins and 0.8–1.0% 
due to fat. The energy value of the studied meat is pro-
vided by 20% of fat and 80% of proteins in PB meat and 
14% of fat and 86% of proteins in CH meat, which cor-
responds to the WHO recommendation (2023) limiting 
the total fat intake to 30% of total energy. Energy intake 
coming from SFA is  less than 10% and it  also corre-
sponds to the strict WHO recommendation (2023).

Table 1. Composition (mean ± SD) and energy value of PB and CH pork meat

Properties
Mean ± SD

P-value DRI for adults
(18–60 y)genotype PB genotype CH

Moisture (%) 76.49 ± 0.01* 74.64 ± 0.80 0.041
Fat (%) 2.29 ± 0.13** 1.61 ± 0.04** 0.009 70 g
SFA (%) 0.47 ± 0.10 0.33 ± 0.01 0.093 20 g
Proteins (%) 20.12 ± 0.11* 22.56 ± 0.84* 0.84 50 g
EAAs (%) 6.89 ± 0.02 7.54 ± 0.01 0.056 14 g
Ash (%) 1.10 ± 0.03 1.20 ± 0.04 0.055 –
E [kJ·(100 g)–1] 426.77 ± 2.79 443.01 ± 12.74 0.11 8 400 kJ
Ef (%) 19.85 ± 0.97** 13.45 ± 0.74** 0.009 –
Esfa (%) 4.07 ± 0.83 2.76 ± 0.20 0.081 –
Epr (%) 80.15 ± 0.97** 86.55 ± 0.74** 0.009 –
* and **significance at 0.05 and 0.01 levels, respectively

PB – Prestice Black-Pied pig; CH – commercial hybrid; DRI – daily reference intake; SFA –saturated fatty acids; 
EAA – essential amino acid; E – energy value of meat; Ef – energy intake of fat (% to total E); Esfa – energy intake of SFA; 
Epr – energy intake of proteins
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The content of EAAs in pork meat is shown in Table 2. 
The general requirements for AA for adults 18 to 60 years 
of age are used in accordance with the FAO/IAEA (2024), 
Joint FAO/WHO/UNU Expert Consultation (2007). 
Eight major EAAs including THR, MET, VAL, ILE, LEU, 
HIS, PHE and LYS were detected in  the meat samples. 
LEU and LYS were the most predominant EAAs detect-
ed, GLU and ASP were the most predominant nonEAAs, 
present in the highest amounts in the meat of PB. Simi-
lar results were obtained by other researchers (Okrouhlá 
et al. 2006 and 2008; Dostálová et al. 2012).

The specific amounts of AAs to meet all human phys-
iological needs have not been definitively and precise-
ly established. There are many studies that identified 
reference intakes of EAA reflecting minimum require-
ments, unconditional adequate amounts and mini-
mum daily requirements, which were reviewed in Boye 
et al.  (2012). FAO/WHO recommendations were used 
to assess the protein quality of meat by comparing meat 
composition with standards (OECD/FAO 2024). There-
fore, amino acid scores (AAS) for EAAs were calculated 
using the EAA requirements (Sr1, Sr2) for adults, which 
are shown in Table 2.

Since AAS > 1 for all AAs in the studied pork meat of PB 
and CH, there is no limiting AA for adults. This means 
that the AA composition of pork meat meets the require-
ments for protein quality in adults. The minimum mean 
of AAS is 1.06 for VAL and LEU in PB meat, and AAS 
is 1.02 for VAL in CH meat. The maximum mean of AAS 
is for HIS: 2.32 for PB meat and 2.24 for CH meat; and 
AAS is for THR: 1.78 for PB meat and 1.65 for CH meat.

Similar calculations were performed to  assess the 
pork AA compliance for children (Table 3). The age and 
average weight of  children were taken into account. 
It was found that there are limiting AAs for children 
0.5–2 years old; AAS (VAL, LEU) for children 0.5 years 
old is 0.65 for PB and 0.60 (VAL) for CH, the maximum 
mean of AAS for HIS is 1.22 for PB and 1.13 for CH, re-
spectively. And the limiting AAs for children 1–2 years 
old are VAL (AAS = 0.89) and LEU (AAS = 0.89) for PB 
and VAL (AAS = 0.82) for CH. Since AAS > 1 for all 
AAs, the composition of the AAs of the studied PB and 
CH pork fully satisfies the protein needs of  children 
over 2 years of age.

Tables 2 and 3 show the values calculated at a pro-
tein intake of 0.66 g·kg–1 per day. This is the minimum 

Table 2. Essential amino acids (EAAs) content in MLLT (mean ± SD) by genotype and amino acids compliance for 
adults (18–60 years)

Amino acid
(AA)

Content of AAs (S, mean ± SD) AA requirement AAS (mean ± SD)
PB CH P-value Sr1 Sr2 PB CH P-value

THR 47.98 ± 3.69 42.69 ± 1.60 0.102 15 23 2.09 ± 0.16 1.86 ± 0.07 0.102
VAL 48.33 ± 3.52 44.71 ± 1.61 0.159 26 39 1.24 ± 0.09 1.15 ± 0.04 0.159
MET 26.99 ± 0.17 26.60 ± 0.39 0.161 10 16 1.69 ± 0.01 1.66 ± 0.02 0.161
ILE 45.52 ± 1.69* 41.00 ± 1.11* 0.044 20 30 1.52 ± 0.06* 1.37 ± 0.04* 0.044
LEU 72.89 ± 11.44 73.56 ± 2.65 0.471 39 59 1.24 ± 0.19 1.25 ± 0.04 0.471
PHE 37.22 ± 0.31 36.00 ± 2.12 0.252 – – – – –
LYS 80.63 ± 1.16* 73.73 ± 1.30* 0.015 30 45 1.79 ± 0.03* 1.64 ± 0.03* 0.015
HIS 40.67 ± 1.74 37.79 ± 1.01 0.090 10 15 2.71 ± 0.12 2.52 ± 0.07 0.09
TRP – – – 4 6 – – –
CYS – – – 4 6 – – –
SAAs
(MET + CYS) – – – 15 22 – – –

ArAAs
(PHE + TYR) 71.17 ± 2.92 67.27 ± 3.25 0.167 25 38 1.8 ± 0.08 1.77 ± 0.09 0.167

Total EAAs 400.22 ± 23.73 376.07 ± 11.81 0.163 184 277 1.44 ± 0.09 1.36 ± 0.04 0.163

*significance level at 0.05 level

PB – Prestice Black-Pied pig; CH – commercial hybrid; MLLT – longissimus lumborum et thoracis muscle; SAAs – sul-
phur-containing amino acids; ArAAs – aromatic amino acids; S – average content of AA [mg·(1 g)–1 of proteins in meat]; 
EAAs – essential amino acids; Sr1 – EAAs requirement, mg·kg–1 body weight per day; Sr2 – EAAs requirement, mg·g-1 
of proteins·kg–1 body weight per day, mean nitrogen requirement of 105 mg N·kg–1 per day (0.66 g proteins·kg–1 per day), 
Sr2 = Sr1/0.66; AAS – amino acid score at total protein requirement of 0.66 g·kg–1 per day, AAS = S/Sr2.
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protein requirement (MPR), which is defined as: the 
lowest level of  dietary protein intake that compen-
sates the loss of  nitrogen from the body, and thus 
it maintains the body protein mass in people in ener-
gy balance with a moderate level of physical activity, 
plus, in children or  in pregnant or  lactating women, 
the needs associated with tissue deposition or  milk 
secretion at  a  rate consistent with good health. 
But based on  an  assessment of  true interindividu-
al variation, a safe individual intake was determined 

to be 0.83 g·kg–1 per day. This intake meets the needs 
of 97.5% of individuals in the population (i.e. the risk 
of deficiency for any individual at this intake is ≤ 2.5%) 
(Millward 2012).

Considering the safe level of protein requirement for 
different groups of people (adults and children), their 
age, (average) body weight, moderate level of habitual 
physical activity PAL  =  1.75 and the limiting AA for 
children (Table 3), the energy value of raw pork meat 
and its amount to provide AA intake were theoretically 

Table 4. Theoretically calculated amount of raw pork meat for consumption by children (from 0.5 to 18 years) and 
adults (from 18 to 60 years)

Age
group

Average
body 

weight, 
Wb (kg)

Mass of raw meat 
to provide AAs, 

m (g·day–1)

Energy for body, 
E (kJ·day–1)

Energy 
require-
ment, Er

Energy 
for body, 

Erb 

% of daily energy from 
meat (E/Er × 100%)

PB CH PB CH PB CH

Children 
0.5 y 6 43.06 41.52 183.78 183.94 338.00 2.03 9.06 9.07

Children 
2 y 11 58.00 55.93 247.54 247.76 337.00 3.71 6.68 6.68

Children 
3 y 13 55.22 53.24 235.66 235.87 335.00 4.36 5.41 5.42

Children 
6 y 21 86.36 83.26 368.54 368.86 307.00 6.45 5.72 5.72

Children 
10 y 32 131.59 126.88 561.58 562.08 260.00 8.32 6.75 6.76

Children 
13 y 42 167.02 161.04 712.78 713.41 220.00 9.24 7.71 7.72

Children 
14 y 50 198.83 191.71 848.54 849.29 218.00 10.90 7.78 7.79

Children 
15 y 54 205.02 197.68 874.96 875.73 211.00 11.41 7.73 7.74

Children 
17 y 59 229.85 221.62 980.91 981.77 200.00 12.17 8.14 8.15

Youth
18 y 62 235.56 227.13 1 005.30 1 006.20 198.00 12.27 8.23 8.24

Adult 50 206.26 183.99 880.27 815.11 195.00 9.75 9.03 8.36
Adult 60 247.51 220.79 1 056.32 978.13 180.00 10.80 9.78 9.06
Adult 75 309.39 275.99 1 320.40 1 222.66 160.00 12.00 11.00 10.19
Adult 85 350.65 312.79 1 496.45 1 385.68 150.00 12.75 11.74 10.87

Safe level of protein requirement (g·kg-1 per day): 0.83 for adults; 0.88 for boys (18 y); 0.86 for girls (18 y); 0.87 average for 
youth 18 y; 0.91 for children 6–10 years; 0.94 for children 1–5 years 

PB – Prestice Black-Pied pig; CH – commercial hybrid; E – energy intake of the mass of meat (g·day–1) to ensure AAs for 
person at average body weight; Er – energy requirement, kJ·kg-1 body weight per day for population at moderate level 
of habitual physical activity (PAL = 1.75); Erb – energy requirement for body at average weight, kJ·day–1 for population 
with PAL = 1.75, Erb = Er × Wb; E/Er × 100% – index indicating % of required daily energy, which is provided by meat
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calculated based on the average means of raw meat mass 
using our developed programme (Table 4). As we can 
see, the calculated amount of  raw meat ensures 5–8% 
of energy for children and 8–11% of energy for adults. 
Despite the significant differences between the fat and 
protein content of the studied meat (Table 1, P > 0.05), 
the difference between the weight of raw pork samples 
and the energy obtained is  not significant. In  general, 
the theoretically calculated amount of  raw pork meat 
is  200–280 g per day for adults, depending on  their 
weight and age but the servings also depend on  the 
cooking technique. According to  the Food-Based Di-
etary Guidelines the average single portion is 100–150 g 
and weekly consumption is 300–600 g of processed meat 
in different European countries (European Commission 
2025). The specific individual amount of meat required 
for the normal functioning of the human body is calcu-
lated on the basis of food-based dietary guidelines (Mon-
tagnese et al. 2015), which include all nutrient groups.

CONCLUSION

The performed study showed a  significant effect 
of  the genetic group of  the pigs on the fat, SFA, pro-
tein and some AAs contents. The  greatest influence 
was observed on the amount of EAAs: LEU, LYS and 
THR and on the amount of nonEAAs: GLU and ASP. 
Comparison of  the AA profile of pork meat with AA 
requirements indicates that the limiting AAs are VAL 
and LEU only for children 0.5–2  years old. For  older 
children and adults, the studied PB and CH pig meat 
meets all modern and healthy requirements of  di-
etary guidelines and can provide the required amount 
of proteins and energy. The approach used in this study 
allows an adequate assessment of the nutritional value 
of pork meat as an essential food and dietary compo-
nent as well as it can be applied to evaluation and com-
parison of other protein products.
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