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Simple Summary: The general objective of this study was to investigate the effect of hybrid barley
and wheat in the diet of fattening pigs on the oxidative stability of pork related to the chemical
composition, especially the fatty acid profile. The feeds used included 80% hybrid barley in group I,
a mixture of 40% wheat and hybrid barley in group II, and 80% wheat in group III. The feeding trial
lasted 78 days. Meat samples were taken from twelve carcasses, randomly selected, chosen from each
experimental group. The meat analyses covered the physicochemical and sensory traits. The results
showed a decrease in the palmitic acid concentration and an increase in the oleic acid concentration
in the meat of fattening pigs fed a diet of 80% hybrid barley. The meat of these pigs was characterised
by the best marbling, which was closely related to its juiciness after thermal processing and its final
culinary quality. Moreover, meat samples from the hybrid barley fed pigs exhibited a reddish colour,
before and after thermal processing. In summary, the addition of hybrid barley into the diets of pigs
improved the quality of the culinary meat.

Abstract: Feed determines the quality of pork meat, in which the composition of the fatty acid (FA)
profile is one of the easiest to modify by the application of selected feed components. Barley grains
are considered to have an impact on meat quality, including pork; however, there are still limited
data on the use of hybrid barley in fattening pigs’ nutrition in relation to meat quality. The aim of
this study was to determine the relation between meat quality, i.e., its oxidative stability, especially
the FA profile, and fattening pigs’ diets with hybrid barley and/or wheat. In group I, hybrid barley
(HB) composed 80% of the feed; in group II, a mixture of (40% each) wheat and barley was used; and
in group III, wheat (W) composed 80% of the feed. Meat samples were taken from twelve randomly
selected carcasses chosen from each group. The meat analyses covered the physicochemical and
sensory traits. The results showed that the pork meat of fattening pigs fed fodder with 80% HB had
decreased palmitic acid concentrations and increased oleic acid concentrations. The meat of these
pigs was characterised by the best marbling, which was closely related to its juiciness after thermal
processing and determined its final culinary quality. Moreover, the meat from these pigs exhibited a
reddish colour, before and after thermal processing. In summary, the application of hybrid barley
into pig nutrition improved the quality of the culinary meat.

Keywords: fatteners; hybrid barley; pork quality; fatty acids; antioxidant status

1. Introduction

Achieving high-quality pork meat by including barley in pigs’ nutrition is a key
aspect of meat processing [1,2]. Barley enhances the palatability and texture of meat
due to relatively high contents of palmitic and stearic acids in fat tissue, as well as the
beneficial effect of backfat on stability [3–5]. The backfat of barley-fed pigs is distinguished
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by desirable traits, such as marbling score and springiness. The tissue fat has similar
assets. Such raw materials are favourable for producing high-quality shelf-stable meat
products that can be stored for longer periods and are attractive to consumers. The lipids
that compose the fat tissue of barley-fed fattening pigs are more resistant to rancidity as
compared with fat obtained from animals provided with diets rich in polyunsaturated fatty
acids (PUFA), for example, corn [6].

The meat of fattened pigs (usually fed with high amounts of grains and oilseeds) is
characterised by a disadvantageous ratio of n-6 PUFA to n-3 PUFA (from 7:1 to 23:1) [7].
Therefore, taking into consideration long-lasting consumers’ health, the approach is to use
dietary components in pig feed that are good sources of n-3 PUFA. According to many stud-
ies, the lipid fraction of animal products, especially in the case of fatty acid (FA) incidence
and share, can be designed, to a certain extent, by modifying feed composition [8–11].

The general advantages of hybrid varieties of feed are higher and better yield stability.
Moreover, hybrids are also characterized by better technological quality parameters. How-
ever, there are few studies on feeding hybrid barley to obtain modern high-quality pork
meat. There is also a significant lack of data regarding its effect on lipid modification in
meat, and in particular, the fatty acid profile in pork meat. The above reports prompted us
to conduct this study aimed at determining whether hybrid barley used to feed fattening
pigs could influence selected parameters of lipid metabolism in pork meat.

Desirable nutritional changes in the FA composition and share in pork are related to
the concentration and profile of lipid fraction of the animal feed components and propor-
tions. Variations in meat FA, through increased PUFA and reduced SFA, continues to be
an important problem in terms of human health [12,13] and should also be implemented
regarding animal health, and the quality of the products obtained from the animals. There-
fore, it is important to produce meat characterised by a relatively low content of visible
fat, but with very-high nutritional value as well as sufficient amounts of intramuscular fat
that is necessary to assure proper meat quality (including juiciness and palatability), and
consequently, to satisfy consumers’ expectations and needs.

The aim of this study was to use a hybrid barley in the feed of fattening pigs and to
analyse the effect of the applied modifications on selected quality parameters of cut-up
pork meat, including the oxidative stability determined by the FA profile and the chemical
composition of the pork meat. In this study, during the fattening process, pigs were fed
complete diets with high and medium contents of hybrid barley, which is not commonly
found in the literature. Wheat grain was used as a reference material due to its very-high
nutritional value and properties suitable for producing feed mixtures.

2. Materials and Methods
2.1. Animals, Diets, and Feeding

The feeding trial was performed at a specialized private pig farm after approval by
the Local Ethical Review Committee for Animal Experiments in Wrocław, Poland (protocol
no. 002/2019). One hundred and forty-four fattening pigs (Polish large white × Polish
landrace crossbreds) were used in the experiment. The animals were selected based on
an initial body weight of 55 kg, fattened for a period of 78 days, and finished when the
animals reached weights of ca. 120 kg. Feeding was carried out in a semi ad libitum mode
for the pigs kept in common pens, with 8 animals assigned to each pen, therefore, for each
feed mixture group there were six pens. The animals had unlimited access to drinking
water delivered by nipple drinkers.

The study plan assured a random relocation of fattening pigs into three groups,
each with an equal number of animals (48 animals) but supplied with different types of
especially designed (PT2 type) complete diets composed by various amounts/shares of
hybrid barley (HB) and/or wheat (W). Hybrid varieties of barley HyvidoTM (Syngenta Co.,
Warszawa, Poland) were used in the study. Animals assigned to group I were provided
with a diet consisting of 80% HB, while pigs in group II received an equal (40% each)
mixture of W and HB. Group III was the control group, which was fed a fodder with
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80% W. The feed mixtures were given to animals in a free-flowing form that corresponded
to their requirements [14]. In addition to grain ingredients (in the given proportions), the
feed mixtures contained soybean meal and also fodder yeast, premixes with enzymes
for swine and a mineral-vitamin mixture. The energy value of the feed mixtures ranged
from 12.7 to 13.2 MJ·kg−1 (the highest value was in the group with the highest amount
of wheat in the diet). As the wheat content increased, the amount of fat (from 11.7 to
20.9 g·kg−1) and protein (from 155 to 164.5 g·kg−1) also increased, while the fibre content
(from 53.4 to 30.5 g·kg−1) decreased. The composition and nutritional value and detailed
information regarding the chemical analyses of the diets were presented in an earlier study
by Szuba-Trznadel et al. [15].

2.2. Meat and Fat Analyses

On the last day of the feeding experiment, all animals were slaughtered and dressed
at an abattoir, in accordance with standard valid technology. Then, 12 randomly chosen
carcasses per group (with a body weight corresponding to the average body weight for
each studied group) were kept at chilling conditions of 2–4 ◦C for 24 h after slaughter to
allow the proper turnover of muscle into meat, monitored by pH measurements (pH was
analysed by placing a pH meter electrode Orion 3-Star pH Benchtop Meter (Thermo Fisher
Scientific Inc., Waltham, MA, USA) directly into muscle tissue) at room temperature. The
weight of cold carcasses ranged from 88.48 ± 9.10 kg to 89.36 ± 6.27 kg [15]. The meat
samples (12 samples from each group) were collected post mortem (the middle part of the
loin with bones and backfat, weighing ca. 1 kg each). In the laboratory before performing
analyses, the meat was separated from the bones and backfat, and therefore the chemical
analyses were conducted exclusively on the meat. The physicochemical analyses (WHC)
were performed on fresh loin. The water holding capacity (WHC) of meat was analysed
according to the Grau–Hamm method with modification by Szmańko [16]. Then, the meat
was frozen (in temperature conditions of −18 ◦C) and used within one month. The samples
were thawed, and chemical analyses and organoleptic characteristics were carried out. The
proximate analysis of meat was performed according to AOAC [17] to evaluate the contents
of basic nutrients. Moisture, fat, and protein contents were analysed in triplicate. Protein
was analysed according to the PN-75/A-04018:1975 Polish Standard [18] on a Nitrogen
Analyser Kjeltec TM 2300 (FOSS, Hilleroed, Denmark) to obtain the nitrogen content
multiplied by 6.25 in order to determine the value of total crude protein. Ether extraction
was applied to analyse the crude fat content, according to the PN-ISO 1444:2000 [19]. For
the evaluation of the content of ash in the samples, first, dry matter was measured by
evaporation of the free water during drying at 102 ◦C (PN-ISO 1442:2000 [20]), followed by
complete sample incineration at 550 ◦C in a furnace for 16–18 h (PN-ISO 936:2000 [21]).

The composition and share of the specific individual FA in pork were determined
by gas chromatography methods proceeded by lipid extraction using Folch solution
(methanol/chloroform) [22]. Then, free FAs were turned into respective methyl esters
by a reaction with BF3 in methanol and analysed on a gas chromatograph equipped
with an FID detector (7890A, Agilent, Santa Clara, CA, USA). The C18 capillary column
(100 m × 0.25 mm × 0.20 µm, Agilent, Santa Clara, CA, USA) was used for the analyses of
FA content. The thermal programme used for the analysis included the following tempera-
ture/time sequence: initial temperature of 50 ◦C, and then a constant rate of increasing by
3 ◦C/min to reach the final 220 ◦C. The detector temperature was constant and equalled
270 ◦C. The presence of every individual FA was checked and identified by the retention
times of the respective standard of methylated FA (Sigma-Aldrich).

The extent of oxidation in lipids was analysed by determining the thiobarbituric
acid reactive substance (TBARS) content following a slightly modified methodology by
Luciano et al. [23]. All meat samples (1.0 g) were thawed after three weeks, and then
homogenised with 10 mL of trichloroacetic acid (TCA) to precipitate proteins present in
the meat. After centrifugation at 5000× g (Sigma 3K30, Sigma Laborzentrifugen GmbH,
Osterode am Harz, Germany), the liquid part was passed through Whatman #1 filter paper,
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followed by the transfer of 2 mL of supernatant to 2 mL of 0.06 M TBA. The reaction
mixture was kept in a water bath at 100 ◦C for 40 min, followed by cooling in an ice-water
bath. After immediate chilling to room temperature and centrifugation at 5500× g, samples
were finally spectrophotometrically analysed (for 15 min, the absorbance was read at
532 nm). The calibration curve was prepared using 1,1,3,3-tetra-ethoxypropane in TCA,
as a standard solution. Then, the absorbance of the samples was converted to the mg of
malondialdehyde (MDA) present in 1 g of meat, according to a standard curve equation.
All analyses were performed in triplicate.

The activity of water (aw) in the minced fresh (not frozen) meat samples was measured
by Novasina IC-500 W-LAB (Axair Ltd., Lachen, Switzerland). The analyses were carried
out in triplicate.

The Hunter scale was used to evaluate the colour of fresh (not frozen) and thermally
treated meat samples. Lightness (CIEL L*), redness (a*), and yellowness (b*) were evaluated
on the cross-section of muscle fibres in the meat samples using a colorimeter (Minolta
CR-400, Konica Minolta Sensing Inc., Osaka, Japan). The results are presented as a mean
value calculated from six individual measurements.

In addition, meat marbling, physicochemical characteristics (pH and WHC), sensory
traits, texture profile, redox potential, and TBA were evaluated.

Thermally treated meat was also evaluated by its sensory traits, according to the
PN-ISO 4121:1998 [24]. The meat was vacuum-packed in PE bags, then, placed in a water
bath at 72 ◦C and incubated until 68 ◦C was reached in the geometrical centre of the
product. Then, the meat was taken out and cut into slices of 1 cm thickness. The prepared
samples, after reaching the ambient temperature, were subjected to an evaluation of the
organoleptic indicators, such as flavour, taste, colour, consistency, and marbling. Eight
trained panellists analysed the samples at room temperature under artificial white light,
according to a five-point acceptance scale, from 1 that represented extreme disliking of a
sample to 5 that represented extreme liking of a sample [25].

2.3. Statistical Analyses

Meat samples (12 samples from each group) were assayed in five replicates for each
analysis. A one-factor analysis of variance (ANOVA) was used to assess significant differ-
ences between experimental variants as well as the value of the least difference between
samples. Variations between mean values in each experimental block were evaluated using
the Duncan test with the significance bordering level set at p ≤ 0.05 and p ≤ 0.01. For
all statistical analyses, the programme Statistica 13 (Statsoft Inc., Tulsa, OK, USA) was
used [26]. The following experimental model was applied to the study:

yij = µ + ai + eij, (1)

where yij is the value of the observed dependent variable, µ is the value of the population,
ai is the influence of the treatment, and eij is the influence of the random factors.

3. Results

The results of the basic chemical composition of the pork meat samples together with
the physicochemical traits of the meat are shown in Table 1. All meat samples represented
high quality in terms of basic chemical composition and physicochemical parameters. The
values of acidity, redox potential, water activity, dry weight, ash, and WHC were at a very
similar level without significant intergroup differences. Therefore, it can be stated that
different feeding models applied in the study of fattening pigs had no effects on these
meat traits. Nevertheless, significant differences were noted in protein (p = 0.000) and fat
(p = 0.027) levels in the meat samples. Loin meat from the pigs in group I showed a greater
accumulation of intramuscular fatty components than the loin meat of pigs in group III
fed the diet containing 80% W. Meat from groups I and II showed a lower protein level as
compared with group III.
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Table 1. Physicochemical characteristics of meat (loin).

Treatment

SEM p-ValueI II III

HB 80% HB 40%
W 40% W 80%

Nutrients, %
Dry Matter 27.41 27.82 27.30 0.078 0.733

Ash 1.62 1.75 1.68 0.081 0.808
Nutrients as % of Dry Matter

Protein 69.11 A 69.94 A 71.74 B 0.194 0.000
Fat 25.51 b 24.15 a,b 22.84 a 0.110 0.027

pH 5.77 5.77 5.78 0.012 0.962
Oxidation potential, µmol TE/100 g 176.11 179.17 187.97 3.690 0.424

Water activity 0.90 0.91 0.90 0.002 0.177
WHC*, % 36.04 36.12 36.14 0.012 0.273

Subscript letters show significant differences between applied treatments analysed in rows: A and B, p ≤ 0.01; a and b, p ≤ 0.05; WHC*,
water holding capacity.

The profile of free FA in meat of the fattening pigs is shown in Table 2. Meat collected
from animals assigned to group I, receiving dietary 80% HB inclusion, was characterised
by the highest content of oleic acid (44.7%) (p = 0.049) but at the same time the lowest
concentration of palmitic acid (21.5%) as compared with the other two experimental groups
(p = 0.007).

Table 2. Fatty acid composition (as % of total FAME*) in meat of the fattening pigs.

FA

Treatment

SEM p-ValueI II III

HB 80% HB 40%
W 40% W 80%

Palmitic 21.5 a 23.1 b 22.7 b 0.241 0.007
Palmitoleic 3.58 3.50 4.15 0.408 0.803

Stearic 15.1 16.1 15.6 0.208 0.171
Oleic 44.7 b 42.6 a 43.6 a,b 0.358 0.049

Linoleic 10.3 10.3 9.5 0.312 0.578
Eicosenoic 1.01 1.17 1.58 0.173 0.407
Arachidic 3.86 3.26 2.83 0.198 0.097

Saturated (SFA) 36.60 a 39.14 b 38.32 b 0.409 0.021

Monounsaturated (MUFA) 48.28 46.14 47.73 0.516 0.227

Polyunsaturated (PUFA) 15.12 14.72 13.96 0.392 0.503

FAME, fatty acid methyl esters. Statistically significant differences between treatments are indicated by the different subscript letters with
the significance level of p ≤ 0.05.

Table 3 lists the results of the meat colour measurements before and after thermal
treatment at 72 ◦C in a water bath to assure safety of the product. Samples of raw loin
obtained from the fattening pigs in group II, which were fed a diet with 40% HB and 40%
W, differed significantly from the meat samples of groups I and III meat, with 80% dietary
inclusion level of hybrid barley and wheat, respectively. This meat was characterised by a
lower lightness (p = 0.014) as well as red (p = 0.000) and yellow (p = 0.000) colour intensity.
After thermal processing, meat samples from group III pigs fed the diet containing 80% W
were characterised by higher lightness (p = 0.007) and lower red colour intensity (p = 0.000)
as compared with the meat samples of pigs receiving the diet with 80% HB concentrate
(group I) or with 40% of each grain (group II).
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Table 3. Meat colour parameters.

Colour Parameter

Treatment

SEM p-ValueI II III

HB 80% HB 40%
W 40% W 80%

Raw meat
L* 48.3 b 46.6 a 48.5 b 0.299 0.014
a** 6.66 b 4.92 a 5.97 b 0.155 0.000
b*** 2.58 b 0.90 a 1.97 b 0.131 0.000

Meat after heat treatment
L* 71.7 a 71.4 a 73.0 b 0.219 0.007
a** 3.43 a 3.05 a 2.43 b 0.094 0.000
b*** 11.10 11.20 11.00 0.080 0.550

Subscript letters represent statistically significant differences between analysed samples collected from different experimental treatments
with the probability of p ≤ 0.05. L*, lightness; a**, redness; b***, yellowness.

In Table 4, the results of the cooking losses of meat together with consumer desirability
of pork meat are presented. The obtained results indicate that there are no intergroup
differences in consumer desirability of the meat samples for the analysed parameters, i.e.,
flavour, taste, colour, consistency, and marbling. Moreover, significant differences in meat
weight losses during thermal treatment as well as meatiness were not observed.

Table 4. Cooking losses, meatiness, and sensory desirability of pork meat after heat treatment.

Treatment

SEM p-ValueI II III

HB 80% HB 40%
W 40% W 80%

Cooking losses % 29.93 29.29 29.55 0.350 0.768
Flavour * 3.36 3.57 3.93 0.127 0.182

Taste * 3.79 4.29 3.57 0.145 0.119
Colour * 3.79 3.93 3.93 0.168 0.926

Consistency * 2.86 3.50 3.29 0.179 0.335
Marbling score * 3.14 3.64 3.71 0.142 0.202

* Point scale: from 1, I do not like very much to 5, I like very much.

4. Discussion

The addition of hybrid barley to the feed of fattening pigs produces similar results
for the performance indices as the animals receiving wheat as the basic component of
feed [15]. However, in all groups, the feed mixture had a very high nutritional value, the
same or higher as compared with the Polish Nutrient Requirements of Swine [14], and no
differences in the meatiness were found. Although various feed intakes or energy values
of fodder have been shown to affect meat content in dressed carcasses [2,27], the fattening
pigs from all studied groups were characterised by a similar body weight (from 119.48 kg
to 121.97 kg), slaughter yield (from 73.3% ± 5.28 to 74.3% ± 3.92), and meatiness (from
54.00% ± 0.50 to 54.52% ± 0.35) [15]. These results support the observations previously
published by Zhou et al. [28], who indicated that a stable content of lysine in the diet in
relation to the metabolisable energy level similarly affected pigs’ growth performances,
including meatiness.

The concentration and profile of amino acids present in feed influence muscle devel-
opment and growth. An increased lysine content in pigs’ fed has been shown to improve
the growth of muscle fibres [29]. Wheat grains have a higher level of lysine than barley
(3.9 versus 3.7 g·kg−1). This could be an explanation for the observed beneficial effects on
the carcass characteristics of fattening pigs fed a wheat-based diet [15]. Higher protein and
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lower fat levels were found in the group III pigs fed a diet with 80% W. The fattening of pigs
based on lean growth can be explained by the preference for fast and large accumulation of
muscle instead of fat tissue, directly associated with loin deposition [30–32]. Turyk et al. [2]
showed that pigs fed a diet based on triticale with a higher level of lysine than barley,
significantly improved carcass weight, as well as pigs produced loins with larger diameters
and less tallow deposition. In addition, a higher content of intramuscular lipids, up to
3.5%, has resulted in significantly higher acceptability of pork by consumers [33]. Many
studies have suggested beneficial effects of higher homogenous deposition of fat in meat
and its culinary value including juiciness and tenderness of pork [34]. By increasing the
level of intramuscular fat, meat juiciness and palatability after heat treatment increased,
which in fact improved meat quality [35].

The quality of meat, especially of culinary chunks, as well as meat products relies on
raw material characteristics, including fatty tissue colour. The deposition and distribution
of lipids in meat, both depend, to a large extent, on feeding composition and freshness,
which determine the final colour of the meat. On the one hand, Lampe et al. [6] showed
no significant (p < 0.05) differences in fat colour between meat from pigs receiving corn
or barley. On the other hand, Ringkob [36] presented that the whiter colour perception of
pork lipids could reflect freshness of the fat in the opinion of consumers. Therefore, fat
colour with higher acceptability by consumers, is obtained after pigs are fed a barley grain
diet as compared with a corn-based diet. Moreover, producing pork that contains harder
fat but whiter in colour is an advantage from the consumers’ perspectives in the European
and Asian markets [37].

The results of this study prove that different feeding models applied in fattening pig
nutrition have no significant effects on pork meat quality with respect to acidity, redox
potential, content of dry matter, and ash, as well as water activity and WHC. Meanwhile,
Joven et al. [38] showed that lower meat juice losses were associated with higher water
holding capacity of meat expressing higher than normal pH, measured 24 h post-mortem,
which could be explained by a lower glycogen content before slaughter.

The FA profile is determined by breed, animal body weight, and dietary compo-
nents [10,39]. The chemical composition of pork loin, as well as the FA profile, are relatively
stable and less dependent on the dietary lipid types and concentration as compared with
the adipose tissue [3]. From a technological point of view, pork with highly saturated fat
is more suitable due to the simplicity of handling, processing, and cutability, as well as
durability of meat and its products. Therefore, a barley-based diet is more desirable for
pigs that produce meat with a whiter and firmer fat tissue. However, among consumers,
there are rising concerns about meat and especially meat products that are rich in saturated
fats, which is related to an increased risk of developing heart diseases. Since high amounts
of SFA are considered to be not healthy for humans, while PUFAs, especially from the
n-6 group, create meat lipids that are not hard enough for proper processing, it seems
reasonable to increase the content of monounsaturated fatty acids (MUFA) or FA with one
double bond (palmitoleic, oleic, and eicosenoic) in meat to compromise the technological
quality and consumer preferences.

The FA profile determines meat flavour. Higher levels of SFA and MUFA have an
influence on higher acceptability of flavour, juiciness, tenderness, and overall quality, and
therefore the likeability of meat [40]. By increasing the content of PUFAs in meat through
dietary treatment, fat becomes softer and more acidic, which affects the quality and creates
a specific flavour of meat [41].

Many previous studies have shown that the FA profile can be relatively easily modified
by using various dietary lipid sources [39,42,43]. The formation of FA incorporated into
phospholipids or triglycerides is based on de novo synthesis from dietary carbohydrates or
directly from dietary lipids.

Schinckel et al. [44] showed that a typical pig diet based on corn or soybean meal
containing a low amount (3–4%) of fats contributed 80% of the triglyceride deposition in
meat. Moreover, Daza et al. [45] proved that granulated barley used as the only component
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in a pig diet, especially during the finishing stage of fattening, increased the content of
C18:1n-9 in pork intramuscular fat. Lampe et al. [6] analysed pigs’ backfat and observed a
significantly lower concentration of unsaturated FA, including PUFA, while the contents of
all SFAs and MUFAs were higher when pigs were fed diets based on barley as compared
with corn diets. Contrary results were published by Skelley et al. [46], who studied the FA
profile of meat obtained from barley-fed pigs and showed lower MUFA and higher PUFA
concentrations in pork as compared with pigs fed a corn-based diet.

In our study, accumulation of the studied FAs in meat followed a similar pattern in
all groups, except for palmitic (C16:0) and oleic (C18:1n-9) acids. The total sum of FAs
in pork collected from all experimental groups contained more than 40% oleic acid and
20% palmitic acid. Similar levels of FAs were also found in a study by Colonna et al. [47].
In our study, the highest level of oleic acid was noted in the group of fattening pigs fed
diets with a high proportion of HB, which could be beneficial from a dietary perspective
of pork consumers. However, more than 20% palmitic acid in meat was beneficial from
a meat oxidative stability perspective. In group I, which received a diet of 80% HB, the
concentration of oleic acid was the highest and the concentration of palmitic acid was the
lowest, which is advantageous, since palmitic acid is a SFA while oleic acid is a USFA. This
indicates that this meat has more favourable characteristics for a potential consumer.

Fontanillas et al. [48] found that the FA composition of the latissimus dorsi muscle
did not exactly reflect the FA content in a diet. The addition of linseed oil into the diet
did not significantly increase selected n-3 fat content in meat or in intramuscular fat.
Hanczakowski et al. [3] also found that the FA profile analysed in pigs’ longissimus dorsi
muscle was not dependent on the FA composition of the fodders. In our study, pork lipid
fractions extracted from the longissimus dorsi muscle were varied only in palmitic and
stearic acids, when comparing the provided diets.

According to Razmaitė et al. [49], an increase in intramuscular fat content resulted
in higher MUFA and lower PUFA contents in most muscles of meat producing animals.
With respect to PUFA, Grześkowiak et al. [50] and Jacyno et al. [51] showed that meat
collected from lean-type fattening pigs was characterised by a high concentration of PUFA,
in particular, linoleic acid. In the present study, the concentration of linoleic acid was higher
in meat when barley was used as a feeding component; however, it was not statistically
significant, which was an advantage, because, according to Migdał et al. [52], increased
linoleic acid concentration worsens the palatability of meat.

The colour of meat is one of the basic criteria in consumer and commercial decision-
making during the purchasing process of culinary meat and raw meat products. This
parameter is assessed both during the purchase of raw meat and after its thermal processing.
Samples of raw loin from the group II fattening pigs fed the diet containing HB and W
(40% each) significantly differed from groups I and III (80% dietary inclusion of HB and W,
respectively). This meat was characterised before thermal processing by a lower lightness
as well as red and yellow colour intensity, which improved the consumers’ acceptance.
Sous-vide processing of the samples from all groups resulted in meat with a lighter and
less yellow colour intensity with concomitant decreased red colour intensity, which was a
standard phenomenon. Meat samples from group III (fed with 80% W) were characterised
by higher lightness and lower red colour intensity compared with the meat samples of pigs
receiving 80% HB in their diet. The obtained result indicates that HB at an 80% dietary
inclusion level has a beneficial effect on the redness of meat (parameter a*) after thermal
treatment. It could be assumed that the extraction of pigments was higher from barley than
from wheat. (It is known that pigment extraction is higher from husked raw materials than
from naked varieties. Colouring compounds are mainly present in the outer layer of grain.
However, the carotenoids, which are responsible for the yellow colour of grain, are found
in the endosperm [53].)

The obtained results indicated that there were no intergroup differences in consumer
desirability of the meat samples. A strong trend towards higher desirability scores with
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respect to meat flavour and consistency was noted for the meat of the group II animals
offered a mixture of hybrid barley and wheat.

Marbling is correlated with intramuscular fat content and deposition. A greater
amount of intramuscular fat can contribute to improved juiciness of meat. In our study,
no differences in pork loin marbling were observed, which was consistent with a study by
Lampe et. al. [6] on the intramuscular fat content in loins from pigs fed a barley-based diet.
Moreover, McConnell et al. [54] showed no significant differences in tenderness and mar-
bling of pork loins after feeding pigs barley or corn fodder. Additionally, Lampe et al. [6]
reported that adding barley grains to pigs’ feed had no significant effect on pH24, sensory
evaluated tenderness, and overall desirability, as well as cooking losses. The percentage of
barley in pigs’ feed can result in lower flavour as compared with loins cut from carcasses of
pigs fed with a mixture of two-thirds yellow and one-third white corn. Spontaneous leak-
age of meat juice from the loin, especially one designed for exporting, should be minimized
due to significantly lower desirability of pork characterised by excessive moisture loss, also
when vacuum packaging is applied [55]. According to Lampe et al. [6], replacing corn with
barley in pigs’ feed had no significant effect on drip and cooking losses of pork loins kept
for 25–27 days after slaughter. In relation to the shelf life of meat, Skelley et al. [46] showed
that pork loins could be stored for at least one month, whether the animals were supplied
with barley or corn diets.

5. Conclusions

Feeds containing 80% hybrid barley can contribute to obtaining meat with high
nutritional and dietetic values (increased levels of healthy oleic acid with concomitant
reduction of saturated palmitic acid) as compared with a diet of 80% wheat. Pork loin was
characterised by similar levels of marbling for all experimental groups, which was closely
related to its juiciness and final culinary quality and consumer perceptions of meat. The
most favourable colour of meat (reddish) after thermal processing was also noted in the
group fed with hybrid barley. Therefore, hybrid barley can be recommended for the diets
of fattening pigs, as the only grain ingredient.
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16. Szmańko, T. The equipment used for measurement of water holding capacity. Poland, patent No 40767. Biul. Urz. Patentowego RP
1986, 5, 38.

17. AOAC. Official Methods of Analysis, 19th ed.; Association of Official Analytical Chemists: Gaithersburg, MD, USA, 2012.
18. Polish Standard PN-75/A-04018:1975-Agro-food products. In Determination of Nitrogen by Kjeldahl Methods and Protein Content

Calculation; Polish Committee for Standardization: Warsaw, Poland, 1975. (In Polish)
19. Polish Standard PN-ISO 1444:2000. Meat and meat products. In Determination of Water Content; Polish Committee for Standardiza-

tion: Warsaw, Poland, 2000. (In Polish)
20. Polish Standard PN-ISO 1442:2000. Meat and meat products. In Determination of Free Lipids; Polish Committee for Standardization:

Warsaw, Poland, 2000. (In Polish)
21. Polish Standard PN-ISO 936:2000. Meat and meat products. In Determination of Ash; Polish Committee for Standardization:

Warsaw, Poland, 2000. (In Polish)
22. Christie, W.W. The isolation of lipids from tissues. In Lipid Analysis. Isolation, Separation, Identification and Structural Analysis of

Lipids; Christie, W.W., Ed.; Oxford Pergamon Press: Oxford, UK, 1973; pp. 39–40.
23. Luciano, G.; Moloney, A.P.; Priolo, A.; Rohrle, F.T.; Vasta, V.; Biondi, L.; Monahan, F.J. Vitamin E and polyunsaturated fatty acids

in bovine muscle and the oxidative stability of beef from cattle receiving grass or concentrate-based rations. J. Anim. Sci. 2011, 89,
3759–3768. [CrossRef]

24. Polish Standard PN-ISO 4121:1998. Sensory analysis–Methodology. In Evaluation of Food Products by Methods Using Scales; Polish
Committee for Standardization: Warsaw, Poland, 1998. (In Polish)

25. Lewless, H.T.; Hildegarde, H. Sensory Evaluation of Food. In Principles and Practices, 2nd ed.; Springer: New York, NY, USA, 2010.
26. Statsoft. In Statistica (Data Analysis Software System); Version 13; Statsoft Inc.: Tulsa, OK, USA, 2014.
27. Banaszkiewicz, T.; Kaszperuk, K.; Bombik, T. Effect of cereal grain type used in diets on the fattening performance and slaughter

value of pigs. Acta Sci. Pol. Zootech. 2015, 14, 15–24.
28. Zhou, X.; Beltranena, E.; Zijlstra, R.T. Effect of feeding wheat- or barley-based diets with low or high nutrient density on nutrient

digestibility and growth performance in weaned pigs. Anim. Feed Sci. Technol. 2016, 218, 93–99. [CrossRef]
29. Fernandez-Figares, I.; Conde-Aguilera, J.A.; Nieto, R.; Lachica, M.; Aguilera, J.F. Synergistic effects of betaine and conjugated

linoleic acid on the growth and carcass composition of growing Iberian pigs. J. Anim. Sci. 2008, 86, 102–111. [CrossRef] [PubMed]
30. Hurnik, D. Loin Eye Size and What Factors Drive It? Atlantic Swine Research Partnership Inc. Annual Report. 2004, pp. 18–20.

Available online: https://www.thepigsite.com/articles/loin-eye-size-and-what-factors-drive-it (accessed on 19 June 2021).
31. Price, H.; Williamson, S.; Henson, J.; McKeith, A.G. Effects of Various Levels of Protein, Lysine, Fat, and Fiber on Swine Growth

and Pork Quality. Meat Muscle Biol. 2017, 1, 157. [CrossRef]
32. Hasan, M.S.; Crenshaw, M.A.; Liao, S.F. Dietary lysine affects amino acid metabolism and growth performance, which may not

involve the GH/IGF-1 axis, in young growing pigs. J. Anim. Sci. 2020, 98, 1–7. [CrossRef]
33. Fermandez, X.; Monin, G.; Talmant, A.; Mourot, J.; Lebret, B. Influence of intramuscular fat content on the quality of pig

meat—Consumer acceptability of m. longissimus lumborum. Meat Sci. 1999, 53, 67–72. [CrossRef]
34. Hodgson, R.R.; Davis, G.W.; Smith, G.C.; Savell, J.W.; Cross, H.R. Relationships between pork loin palatability traits and physical

characteristics of cooked chops. J. Anim. Sci. 1991, 69, 4858–4865. [CrossRef] [PubMed]
35. Stewart, S.; Gardner, G.; McGilchrist, P.; Pethick, D.; Polkinghorne, R.; Thompson, J.; Tarr, G. Prediction of consumer palatability

in beef using visual marbling scores and chemical intramuscular fat percentage. Meat Sci. 2020, 108322. [CrossRef] [PubMed]

http://doi.org/10.15193/zntj/2012/84/005-019
http://doi.org/10.4314/sajas.v49i6.13
http://doi.org/10.22358/jafs/65670/2014
http://doi.org/10.1016/j.meatsci.2007.07.019
http://www.ncbi.nlm.nih.gov/pubmed/22062452
http://doi.org/10.1111/j.1439-0396.2005.00573.x
http://www.ncbi.nlm.nih.gov/pubmed/16519757
http://doi.org/10.3390/ani9121155
http://www.ncbi.nlm.nih.gov/pubmed/31861062
http://doi.org/10.1515/acve-2016-0031
http://doi.org/10.3390/ani10111987
http://doi.org/10.2527/jas.2010-3795
http://doi.org/10.1016/j.anifeedsci.2016.05.011
http://doi.org/10.2527/jas.2006-0230
http://www.ncbi.nlm.nih.gov/pubmed/18086868
https://www.thepigsite.com/articles/loin-eye-size-and-what-factors-drive-it
http://doi.org/10.22175/rmc2017.152
http://doi.org/10.1093/jas/skaa004
http://doi.org/10.1016/S0309-1740(99)00038-8
http://doi.org/10.2527/1991.69124858x
http://www.ncbi.nlm.nih.gov/pubmed/1808180
http://doi.org/10.1016/j.meatsci.2020.108322
http://www.ncbi.nlm.nih.gov/pubmed/33067083


Animals 2021, 11, 2134 11 of 11

36. Ringkob, T.P. Comparing pork fat color from barley and corn fed pork using image analysis. In Proceedings of the 56th Reciprocal
Meat Conference, Lansing, MI, USA, 28–31 July 2003.

37. Kim, B.G.; Wulf, D.M.; Maddock, R.J.; Peters, D.N.; Pedersen, C.; Lin, Y.; Stein, H.H. Effects of dietary barley on growth
performance, carcass traits and pork quality of finishing pigs. Rev. Colomb. Cienc. Pec. 2014, 27, 102–113.

38. Joven, M.; Pintos, E.; Latorre, M.A.; Suárez-Belloch, J.; Guada, J.; Fondevila, M. Effect of replacing barley by increasing levels of
olive cake in the diet of finishing pigs: Growth performances, digestibility, carcass, meat and fat quality. Anim. Feed. Sci. Technol.
2014, 197, 185–193. [CrossRef]

39. Almeida, V.V.; da Silva, J.P.; Meira, A.N.; Moreira, G.C.M.; Gomes, J.D.; Poleti, M.D.; Dargelio, M.D.B.; Patinho, I.; Contrevas-
Castillo, C.J.; Coutinho, L.L. Effects of increasing dietary fat inclusion from different sources on growth performance, carcass and
meat traits, and pork nutritional prole quality. Res. Sq. 2020, 7–8. [CrossRef]

40. Picard, B.; Lebret, B.; Cassar-Malek, I.; Liaubet, L.; Berri, C.; Le Bihan-Duval, E.; Hocquette, J.-F.; Renand, G. Recent advances in
omic technologies for meat quality management. Meat Sci. 2015, 109, 18–26. [CrossRef]

41. Luo, J.; Zeng, D.; Cheng, L.; Mao, X.; Yu, J.; Yu, B.; Chen, D. Dietary β-glucan supplementation improves growth performance,
carcass traits and meat quality of finishing pigs. Anim. Nutr. 2019, 5, 380–385. [CrossRef]

42. Gatlin, L.A.; See, M.T.; Hansen, J.A.; Sutton, D.; Odle, J. The effects of dietary fat sources, levels, and feeding intervals on pork
fatty acid composition. J. Anim. Sci. 2002, 80, 1606–1615. [CrossRef]

43. Bee, G.; Gebert, S.; Messikommer, R. Effect of dietary energy supply and fat source on the fatty acid pattern of adipose and lean
tissues and lipogenesis in the pig. J. Anim. Sci. 2002, 80, 1564–1574. [CrossRef]

44. Schinckel, A.P.; Mills, S.E.; Weber, T.E.; Eggert, J.M. A review of genetic and nutritional factors affecting fat quality and belly
firmness. In Proceedings of the National Swine Improvement Federation: Conference and Annual Meeting, Nashville, TN, USA,
5–6 December 2002; pp. 89–113.

45. Daza, A.; Latorre, M.A.; López-Bote, C.J. The use of barley as single ingredient in the diet provided during the finishing period
may improve the meat quality of heavy pigs from PO Teruel ham (Spain). Span. J. Agric. Res. 2010, 8, 607. [CrossRef]

46. Skelley, G.C.; Borgman, R.F.; Handlin, D.L.; Acton, J.C.; McConnell, J.C.; Wardlaw, F.B.; Evans, E.J. Influence of Diet on Quality,
Fatty Acids and Acceptability of Pork. J. Anim. Sci. 1975, 41, 1298–1304. [CrossRef]

47. Colonna, M.; Tarricone, S.; Giannico, F.; Selvaggi, M.; Carriero, F.; Crupi, P.; Corbo, F.; Clodoveo, M. Dietary Effects of Extra Virgin
Olive Oil Extracted by Ultrasound Technology or Refined Olive Oil on the Quality Traits of Pork and “Capocollo di Martina
Franca” Dry-Cured Meat. Animals 2021, 11, 954. [CrossRef]

48. Fontanillas, R.; Barroeta, A.C.; Baucells, M.D.; Codony, R. Effect of Feeding Highly Cis-Monounsaturated, Trans, orn−3 Fats on
Lipid Composition of Muscle and Adipose Tissue of Pigs. J. Agric. Food Chem. 1997, 45, 3070–3075. [CrossRef]
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