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Abstract

Background: The aim of the study was to test the effect of replacing soya beans with pea and yellow lupin seeds in
the diet of pigs on meat quality. The meat for the tests was obtained from 60 fattening crossbred pigs F, (Polish Large
White x Polish Landrace) x F1 (Pietrain x Duroc). The animals belonged to three feeding groups depending on the
feed used with the total share of soybeans and its reduction. Water holding capacity, colour, and tenderness were
measured and visual and tactile evaluation (colour, marbling and firmness) was performed for meat samples collected
from the longissimus lumborum muscle. The chemical composition of the meat and the content of minerals were
determined. The content of amino acids, fatty acids and cholesterol was determined.

Results: There was no significant differences among the assessed physicochemical characteristics of the meat.

The obtained meat was of good quality, regardless of the proportion of proteins from legumes in the diet of pigs.
The results of the subjective evaluation of meat, its colour, and the content of muscle pigments were uniform in

all food groups. Similarly, a uniform, high protein content was found in all tested groups (C—24.98%; E1—24.82%;
E2—25.09%) and the content of macro- and micronutrients in the tested meat was equivalent. The profile of fatty
acids was not significantly affected by dietary treatment. Palmitoleic acid content was significantly higher (P<0.05) in
the E2 group compared to the E1 group (3.279% compared to 2.844%). The content of amino acids in meat samples
was influenced by dietary treatment. Almost all the monitored essential amino acids (threonine, valine, leucine, phe-
nylalanine and lysine) and some of nonessential amino acids' proportion was increased in the experimental groups
(E1,E2).

Conclusion: Replacing soya bean protein in the pigs'diet with legume protein (peas and yellow lupin) did not
adversely affect meat quality. This applies to both the physicochemical characteristics, the basic composition and the
fatty acid profile. The meat of fattening pigs fed with the highest proportion of pea and lupin in the ration was charac-
terized by more favourable proportion of essential amino acids.
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Background

The quality of pork largely depends on the breed, but also
on environmental factors such as nutrition, raising condi-
tions and pre-slaughter handling procedures. Nutrition is
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applies the content and origin of protein taken up by pigs
in their feed [3].

The most commonly used protein component in com-
plete feed mixtures for fattening pigs is soya bean extrac-
tion meal [4]. Soya bean is one of the plants that are
improved by genetic modification to a great extent, which
is beneficial from the point of view of cultivation and
yields [5]. Unfortunately, it is related to consumers’ fear
of consuming meat and other animal products derived
from the use of genetically modified organisms (GMOs).
Concern about the impact of products made with the use
of GMO feeds on the health of consumers causes a grow-
ing reluctance to use this type of feed [6]. In addition, the
desire to become independent from the import of soya
bean meal, which currently amounts to approximately
2 million tonnes per year in Poland, becomes increas-
ingly pronounced in all Europe [7, 8]. This also results in
a greater interest in feedstuffs containing protein sources
other than soya beans. These are legumes, such as: lupins,
peas or field beans, which, compared to other legumes,
are characterised by a high protein content (over 40% in
lupin seeds), high energy content and a low content of
fibre and anti-nutritional compounds in pea seeds [9, 10].

An important aspect of the produced livestock is
obtaining good quality meat. Many features are taken
into account in the qualitative assessment. The best
known are: color, drip loss, tenderness [11, 12] The
results of numerous studies on the effect of feeding pigs
with a complete feed mixture with a different propor-
tion of legumes, indicate that it is possible to successfully
replace soya bean extraction meal with pea or lupin seeds
in the diet of pigs with no adverse impact on the quality
of meat [13-16].

The aim of the study was to test the effect of replacing
soya beans with pea and yellow lupin seeds in the diet of
pigs on meat quality.

Results
The physicochemical characteristics of the meat were
presented in Table 1. There was no significant differ-
entiation of the assessed characteristics depending on
the source of protein in the provided feed. The results
obtained in all groups were equivalent. The acidity of the
meat, both at the beginning (pH;) and 48 h after slaugh-
ter (pH,), and parameters of the loss of juice from the
meat was characteristic for good quality meat. In the
case of tenderness, there weren’t differences between the
assessed groups. All the results concerning the physico-
chemical characteristics of the meat of fattening pigs fed
with soya beans and hard-seeded legumes were typical
for good quality meat.

The results of visual and tactile and instrumental evalu-
ation of meat, colour and muscle pigments are presented
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Table 1 Physicochemical characteristics of meat

Feeding group

C E1 E2 SEM P<
PHys 6.33 6.34 6.29 0.02 0.595
pH, 522 522 5.18 0.01 0.225
WHC (% of free water) 1742 16.81 18.07 042 0.466
Thermal drip (%) 24.50 24.88 2415 0.28 0578
WBSF (N) 4581 50.16 52.02 117 0.072
Chemical composition of meat
Water content (%) 7242 7245 7218 0.09 0461
Total protein content (%) 2498 24.82 25.09 0.08 0.439
IMF (%) 143 1.21 139 0.10 0.625

pH,5 pH at 45 min post slaughter, pH,g, pH at 48 h post slaughter, WHC
Water holding capacity, WBSF Warner Braztler shear force (N Newton), IMF
Intramuscular fat content

Table 2 Visual and tactile evaluation of meat, its colour and
muscle pigments

Feeding group

C E1 E2 SEM P<
Visual and tactile evaluation
Visual colour intensity (1-6 scale) 2.8 3.1 3.1 007 0.137
Marbling (1-10 scale) 1.6 1.6 1.5 007 0523
Firmness (1-7 scale) 42 4.1 43 005 0351
Instrumental evaluation
Colour measurements
L* 56.95 5607 5668 032 0496
a* 1390 1412 1410 011 0684
b* 450 441 461 013 0827
c* 1466 1483 1487 009 0613
he 18.03 1739 1817 058 0.849
Muscle pigments (micrograms of 3526 3543 3519 1.06 0.996

hematin per 1 g of meat)

L*—value represents lightness, a*—participation of red, b*—participation of
yellow, C*—saturation, h°>—hue angle

in Table 2. The results of the research in this area were
equivalent in all feeding groups. The visual and tactile
evaluation of the meat colour and the awarded points
indicated that the test samples were characterised by an
eye-pleasing, red-pink colour. This was confirmed by the
instrumental evaluation of the colour brightness and the
share of red and yellow colour in the meat. These param-
eters, in all analysed groups, reached the values typical
for good quality meat.

Table 3 presents data concerning the content of
macro- and microelements of the assessed meat sam-
ples. There were no statistically significant differ-
ences for the given characteristics between individual



Cebulska et al. Porcine Health Management (2021) 7:63 Page 3 of 9
Table 3 Content of minerals in meat Table 4 Fatty acid profile and dietary indices
Minerals Feeding group Fatty acid (% of total FA)  Feeding group
(mg*100g~")
E1 E2 SEM P< C E1 E2 SEM P<
p 209.79 196.34 197.05 3.83 0.264 SFA
K 393.59 39263 389.28 424 0914 Lauric (C12:0) 0424 0421 0.386 0.029 0.839
Ca 752 6.3 7.1 0.21 0.064 Myristic (C14:0) 1316 1.186 1136  0.041 0183
Mg 27.73 2741 27.55 0.98 0.994 Pentadecanoic (C15:0) 0.367 0.313 0.348 0017 0422
Na 40.67 46.48 3892 148 0.094 Palmitic (C16:0) 18990 19.026 19227 0.194 0870
Fe 0.85 1.21 093 0.18 0.717 Margaric (C17:0) 0.401 0335 0344 0017 0235
n 141 142 148 0.02 0423 Stearic (C18:0) 9.535 9.753 9.887 0.146 0616
Cu 0.05 0.05 0.05 0.00 0.716 Total SFA 44022 43,630 43302 0365 0.369
Mn 0.02 0.02 0.01 0.00 0.535 MUFA?
Palmitoleic (C16:1n-7) 3222 2844*  3279° 0070 0019
Oleic (C18:1n-9) 33712 34265 35216 0386 0278
feeding groups C, E1 and E2. However, it can be CA] &1 n'7‘ 347033210 35750050 0115
observed that among the macronutrients, phosphorus Eicosenoic (C20:1n-9) 0669 0674 0661 0011 0892
and potassium were the most frequent, while among TOta‘gMUFA 43251 42957 44577 04110233
the micronutrients, higher amounts of zinc and iron PUFA
were recorded Linoleic (C18:2n-6) 7.731 8.784 7573 0241 0.081
The content of fatty acids in meat samples is illus- Alpha-linolenic (C18:3n-3) 0.601 0.720 0.581 0035 0.228
trated in Table 4. The profile of fatty acids was not sig- ~ Ekosadienoic(C202n6) 03920345 0360 0015 0452
nificantly affected by dietary treatment. Palmitoleic E‘Cosét”enlo'c (C203n-6) 0335 0311 0344 0018 0477
group compared to E1 group (3.279 resp. 2.844 g/100 g EPA (C20:5n-3) 0484 0402 0379 0025 019
of total fatty acids). The proportion of n-6/n-3 poly- DHA (C22:6n-3) 0509 0366 0452 0027 0098
unsaturated fatty acids was not significantly affected 0% PUFA 12727 13413 12121 0284 0395
by the diet. The level ranged from 6221 to 6812. The Indices
atherogenic and thrombogenic indexes did not signifi- Total PUFAN-6 10657 11423 10527 0253 0299
cantly differ among the groups. Total PUFA n-3 1.930 1.798 1.757 0075 0619
The content of amino acids in meat samples was influ- PUFA n-6/PUFA n-3 6352 6812 6221 0305 0714
4
enced by dietary treatment. The results are illustrated A'S 0444 0432 0427 0007 0622
in Table 5. All monitored amino acids proportion was 0.768 0764 0777 0011 0893
SFA/USFA® 0.786 0.774 0.764 0012 0446

increased in experimental groups (E1 and E2), but not
all significantly. Essential amino acid content, except
methionine, was higher in E2 group compared to the C
group (P<0.05). There was not found significant differ-
ence in essential amino acid content between E1 and E2
group. The highest content was found for lysine (from
6.887 to 7.468 g/100 g). Nonessential amino acids were
also affected by the diet with a different level of statisti-
cal significance. The content of serine, proline, alanine,
tyrosine and cysteine was not significantly affected by
the diet. Aspartic acid, glutamic acid, glycine, histidine
and arginine content was significantly higher in E2 group
compared to the control group (P<0.5—P<0.01). The
difference between E1 and E2 group was monitored only
in aspartic acid, glutamic acid, histidine and arginine
(P<0.5—P<0.01). The highest content was measured for
glutamic acid (from 11.633 to 12.715 g/100 g). The low-
est proportion was found for cysteine; its content ranged
from 1.109 to 1.188 g/100 g.

(@ =5 Row means with different superscripts differ significantly at P <0.05

! SFA saturated fatty acid, 2MUFA monounsaturated fatty acid, PUFA
polyunsaturated fatty acid, “Al atherogenic index, °T/ thrombogenic index, ®uSFA
unsaturated fatty acid

Discussion

The demand for raw materials rich in proteins for the
production of forages is very high (e.g., in Poland it
is approximately 1639 thousand tonnes of raw mate-
rial rich in proteins). It is mainly satisfied by imported
soya bean extraction meal (approximately 64%). At the
same time, attention is paid to the production of seeds
of native hard-seeded legumes. The research conducted
in this field indicates the possibility of replacing this
protein raw material in mixed feeds without adversely
affecting the efficiency of pork production and the
quality of the obtained products.
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Table 5 Amino acid content in meat
Amino acid (g/100g) Feeding group

C E1 E2 SEM P<
Essential
Threonine 3619° 3643 3889° 0044 0023
Valine 3.907° 3987  4279® 0056 0019
Leucine 6.246° 6284  6705° 0076 0025
Isoleucine 3.645° 3682 3969° 0049 0015
Phenylalanine 3.203° 3250 3488° 0047 0033
Lysine 6.887° 6904° 7468° 0085 0006
Methionine 2257 2389 2320 0034 0275
Nonessential
Aspartic acid 7.177° 7360°  7.893% 0085 0.002
Serine 3.102 3115 3.287 0036 0071
Glutamic acid 11633% 11674 127158 0140 0.001
Proline 3.171 3358 3308 0071 0536
Glycine 3212 3285  3445° 0036 0030
Alanine 4352 4357 4617 0051 0059
Tyrosine 3.106 3065 3424 0099 0286
Histidine 3482 3549°  3814% 0044 0006
Arginine 4902 4959  5439% 0067 0.001
Cysteine 1.109 1172 1.188 0026 0453

(A =8 Row means with different superscripts differ significantly at P<0.01
(@ =b) Row means with different superscripts differ significantly at P<0.05

The results of numerous studies on the effect of feed-
ing fattening pigs with a feed mixture with a different
proportion of legumes did not show any significant dif-
ferences in the characteristics of meat quality [8, 13, 14,
17-20]. Moreover, the values of individual physicochemi-
cal characteristics indicate that the meat obtained after
the application of a diet rich in seeds of legumes grown
in Poland is good quality [13, 21-23]. Which was also
confirmed in this study. The studies by Milczarek and
Osek [22] showed a beneficial effect of replacing soya
bean seeds in the diet of pigs by 10% and 20% low-tannin
field beans on the content of free water (WHC) in meat,
which grew by over 2%. In turn, Sorita et al. [23] demon-
strated that partial replacement of soya bean extraction
meal with 7.5% yellow lupin resulted in a significantly
higher (by 1%) drip loss of meat. The situation regarding
the loss of meat juice in this study was different, in which
no statistically significant differences were noted between
the groups fed with a different proportion of peas and
lupines in diet. The other hand, Milczarek and Osek [24]
obtained a lower drip loss in the meat of Pulawy breed
fattening a diet with the addition of 10% low-tannin field
bean seeds than in the meat of pigs fed with a mixed feed
containing soya bean extraction meal.

The research conducted in Poland and abroad, and
also the results presented above, they did not show a
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negative impact of replacing soya beans in a complete
feed mixture with legumes on the level of total pro-
tein and intramuscular fat in pork [13, 14, 23, 25, 26].
The lower content of total protein in meat (about 2%)
compared to the results obtained in this study was
obtained in the studies by Chrenkova et al. [14], who
used a mixture with a 30% addition of peas in the diet
of pigs, and Zraly. et al. [20] who used a 10% addition of
lupin. Mordenti et al. [10] also obtained a lower protein
content (21.05%) in the meat of pigs fed the mixture
with the addition of field beans. On the other hand, a
higher intramuscular fat content in meat, by 1%, was
obtained in the studies by Bocian et al. [13], Chrenk-
ova et al. [14], Zraly et al. [20]. Fiedorowicz-Szatkowska
et al. [27] showed a lower content of intramuscular fat
in the meat of pigs fed with the addition of peas, com-
pared to meat obtained from fattening pigs fed with a
mixed feed based on soya beans as the main source of
protein. The results described above, however, were
not reflected in own research, in which the content of
intramuscular fat was similar in all the studied groups
of pigs.

One of the important parameters for assessing the
quality of meat is its colour, as it determines the prefer-
ences of consumers during its purchase. The results of
visual, tactile, and instrumental evaluation of meat, its
colour and muscle pigments (Table 2) are similar to those
obtained by Bocian et al. [13]. These authors showed
no significant differences in the assessed characteristics
between the meat samples obtained from pigs fed with a
mixture based on soya beans (control group), and a diet
with 20% addition of peas and 37.6% addition of lupin
in the first stage of fattening as well as 38.5% addition
of peas and 20% addition of lupin in the second phase
(experimental group). Stein et al. [28] also showed that
meat obtained from pigs fed a diet with an increased con-
tent of peas (66%) was darker and with a more desirable
colour (3.22 points) in comparison with pigs fed with for-
ages containing soya bean extraction meal (2.41 points).
In this study, the brightness L* of meat colour in the stud-
ied groups of pigs was at a similar level (56.07-56.95).
The obtained L* values indicate meat with a lighter col-
our than the values indicated in the studies performed by
Milczarek and Osek [22], Sonta et al. [23], Hanczakowska
and Swiatkiewicz [15], where in the meat of pigs fed a
diet with a varied content of legumes, a darker colour (L*
49-52) was observed. Probably the light color of meat
was a result of participation of Pietrain breed in hybrids
used in this research. Grabez et al. [29] demonstrated
that meat obtained from fattening pigs fed fodder con-
taining rapeseed and field bean seeds as the main source
of protein was characterised by a darker, more desirable
colour and a much lower proportion of yellow.
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The content of minerals in pork determines its nutri-
tional value. The applied feeding of pigs with a diet with
a different proportion of legumes did not adversely affect
the content of minerals in the meat (Table 3). In the
study by Milczarek and Osek [24] concerning the meat of
Pulawy breed pigs fed a mixture with 10% of low-tannin
field beans, the obtained amounts of mineral compounds
of P, K, Ca, Na, Zn and Mn were similar; the amount
of Cu was higher (0.088-0.104 mg*100 g~'), while the
amount of Fe was lower (0.89-1.02 mg*100 g™!) in com-
parison to the present study (Table 3). In turn, Stasiak
et al. [26] analysed the meat of pigs fed a mixture with
35% addition of lupin and 5% addition of peas, and dem-
onstrated a higher content of Mg (282, 34 mg*kg™') but
a lower content of K, Na and Fe (appropriately 3668.41;
329.35; 0.02 mg*kg ') in comparison to those obtained in
this study. Hanczakowska et al. [30] studied the possibil-
ity to replace a part of soybean in pig diet by 4 different
varieties of lupine. During the fattening period they did
not observe significant differences in weight gain. Meat
from pigs fed a diet of lupin was poorer in n-3 PUFA than
the meat from the control group. The content of palmitic
and palmitoleic acid was significantly higher in the exper-
imental groups and the content of stearic and alpha-lino-
lenic acid was significantly lower. According Petterson
[31] the feeding of lupin seeds to pigs is associated with
alteration of the fatty acid profile in backfat. The author
states that L. luteus contains 21% of oleic acid, 47% of
linoleic acid, and the content of these fatty acids in fat
corresponds with this finding. Also, Rybinski et al. [32]
mentioned the lupin seed oil as a rich source of unsatu-
rated fatty acids such as oleic acids. The n-6/n-3 PUFA
ranges from 1:1.7 to 1:10.8 [33]. Zraly et al. [19] studied
the use of white lupin in pig diet and its effect on pork
quality. According authors, the lupin diet was charac-
terised by higher content of oleic acid compared to con-
trol diet. The content of linoleic, linolenic acid, SFA and
PUFA was lower in the experimental diet. But the results
were not statistically significant. The same tendency was
observed in our experiment. Prandini et al. [34] studied
the effect of pea and faba bean seeds as a protein source
in growing-finishing pig diets. Dietary treatment affected
linoleic acid level, n-6 PUFA content, total MUFA and
total PUFA content in the subcutaneous fat of pigs.
Trombetta et al. [35] also found a low effect of the pea
on the fatty acid profile of intramuscular fat. Pisarikova
and Zraly [36] and Pisafikova et al. [37] marked the lupin
seeds as a source of protein in pig diet which is charac-
terised by lower concentration of lysine, methionine,
cysteine, threonine, valine and tryptophan in comparison
with other protein sources as soybean meal, fish meal or
meat and bone meals. The lower availability of lysin was
suggested as a problem of lupin seeds in pig diet [38] but
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in recent varieties the availability of lysine was improved
[18].

Conclusions

Replacing soya bean protein in pigs’ diet, even in 100% in
the second stage of fattening, with legume protein (peas
and yellow lupins) did not adversely affect meat quality.
It should be emphasised that the obtained results of the
physicochemical characteristics of the meat indicated its
good quality. Moreover, meat contained a high content of
total protein (approx. 25%) in its composition, and thus
was characterised by a high nutritional value. Moreover,
in the meat of pigs fed with an increased share of pea
and lupine in the ration, more favourable proportion of
essential amino acids was observed.

Methods

Animals and sampling

The experiment was carried out on meat obtained from
60 fattening crossbred pigs F; (Polish Large White x Pol-
ish Landrace) x F; (Pietrain x Duroc), which originated
from and were raised on the same farm, under the same
environmental conditions, in accordance with the wel-
fare requirements. The animals were marked and placed
in identical pens equipped with an auto-feeder and auto-
matic nipple drinker, allowing for constant access to
water. The study did not require the approval of the eth-
ics committee. They were part of the production cycle
and their main purpose was to assess the quality of meat
(Directive 2010/63/EU).

The animals were divided into three feeding groups,
each comprising 20 animals (50% of gilts and 50% of
barrows). Fattening pigs were fed ad libitum with com-
plete feed mixtures, differing in the source of protein ori-
gin: control group C: in the 1st and 2nd fattening phase,
standard nutrition with 100% of soya bean extraction
meal was used; experimental group E1: in the 1st phase
of fattening, the soya bean protein was replaced in 50%
with the pea and lupin protein and in the 2nd phase the
soya bean protein was replaced in 75% with the pea and
lupin protein; experimental group E2: in the 1st phase the
soya bean protein was replaced in 50% with the pea and
lupin protein, and in the 2nd phase the soya bean was
completely eliminated (100% pea and lupin protein). The
composition and nutritional value of the complete feed
mixture are provided in Tables 6 and 7.

Animals mean body weight at the beginning of fat-
tening was 31.60+3.01 kg. The duration of the fatten-
ing period was 87.69+7.07 days. After the fattening was
complete, the animals were individually weighed and
then transported to a slaughterhouse situated approxi-
mately 20 km distant. The mean body weight of fattening
pigs at slaughter was 112.6642.75 kg. The animals were
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Table 6 Dietary value and composition of the fodder
Dietary value Control E1 E2
Phasel Phase ll Phasel Phaselll Phase | Phase Il
(30-70 kg) (70-115 kg) (30-70 kg) (70-115 kg) (30-70 kg) (70-115 kg)
Composition of the fodder, %
Soy meal 46% total protein 16 12 10 4 10 -
Wheat 12% 20 20 20 20 20 20
Barley 12% 35 45 30 41 30 35
Triticale 10% 253 20 26 20 26 20
Soybean oil 1 03 13 03 13 03
Lupin 37% - - 7 9 7 12
Pea 21% - - 3 3 3 10
PORKOVITAL T PEA 2.5% 25 25 25 25 25 25
SELACID GG DRY 25 BR 0.2 0.2 0.2 0.2 0.2 0.2
Total 100 100 100 100 100 100
Dry matter, g 877 875 877 875 877 875
Metabolic energy, MJ 13.39 13.11 13.32 13.09 13.32 13.12
Total protein, g 170 159 171 157 171 160
Fat, g 27 20 29 20 29 20
Lysine, g 10.6 9.7 10.6 9.7 10.6 9.7
Calcium, g 59 58 59 58 59 58
Phosphorus, g 53 52 53 52 53 52
Sodium, g 1.7 1.7 1.7 1.7 1.7 1.7
Vitamin A, IU 10,000 10,000 10,000 10,000 10,000 10,000
Vitamin D, IU 2200 2200 2200 2200 2200 2200
Vitamin E, IU 80 80 80 80 80 80

slaughtered in meat processing plants using the electrical
stunning method.

Meat analysis
The acidity of the meat was determined 45 min after
slaughter (pH,;) and 48 h after slaughter (pH,) using an
pH-meter with a blade electrode (Elmetron CP 401). The
device was calibrated with pH 7.0 and pH 4.0 buffers pro-
vided by Elmetron. Meat quality was assessed 48 h after
slaughter on samples of the longissimus lumborum mus-
cle, which were stored under refrigeration at 4—6 °C.
Water holding capacity (WHC) was determined using
the method developed by Grau and Hamm [39] as modi-
fied by Pohja and Niinivaar [40]. A 300 mg sample of
ground meat was applied to a Whatman 1 type filter
paper, placed between two glass plates and subjected to
a uniformly distributed load of 2 kg for 5 min. The per-
centage of free water in the meat was calculated based
on the drip surface area, assuming that 1 cm? of the drip
corresponds to 10 mg of water [11]. The drip surface area
of the meat juice was measured using the LUCIA image
analysis software (System for Image Processing and Anal-
ysis, version 4.82.2004). Thermal drip was determined
48 h after slaughter using the Walczak method [41]. A

sample of ground meat (20 g) was placed in hygroscopic
gauze and heated in a water bath at 85 °C for 10 min.
After the removal of the sample and the gas, the sample
was cooled down to 4 °C and weighed. Percentage loss
was calculated based on the difference in meat weight
before and after heat treatment.

Tenderness was measured using the INSTRON 3342
universal testing machine with a Warner—Bratzler Shear
Force (WBSF) in accordance with the methodology pro-
vided by Szalata et al. [42]. A sample of meat weighing
approximately 120 g was heated in a water bath until the
temperature inside the bath reached 70 °C. Heat treat-
ment was carried out in a NaCl solution with a concen-
tration of 0.85%. Subsequently, 10 mm x 10 mm bars
were cut out in accordance with the course of the muscle
fibres, and they were cut perpendicularly to their course.
The results were read in the form of the maximum shear
force, expressed in N.

Chemical composition of meat, ie., the content of
water, protein and fat, was determined in accordance
with the Polish standard [43] by the method of near-
infrared transmission (NIT) spectrometry using calibra-
tion on artificial neural networks (ANN) performed by
the FoodScan (device provided by FOSS).
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Table 7 Composition of the concentrate

PORKOVITALT PEA 2.5%

Sktadnik w 1 kg

Lizynag 120
Metionina g 40
Treonina g 50
Tryptofan g 3
Wapn ogdlny g 205
Fosfor ogolny g 80
séd g 64
Witamina E+ AO-mix IU 3200
Witamina A 1U 260000
DIU 80000
Kmg 80
Cmg -
B1mg 60
B2 mg 200
B6 mg 88
Niacyna mg 1200
Kwas foliowy mg 32
Pantotenian wapnia mg 640
Cholina mg 9217
Biotyna mcg 2400
Witamina B12 mcg 1600
Zelazo mg 4800
Mangan mg 2400
Cynk mg 4800
miedZ mg 1000
Jod mg 44
selen mg 12

Visual and tactile evaluation was conducted 48 h after
slaughter on a 120 g slice of raw meat. Visual and tactile
evaluation of the meat was carried out by a 10-person
trained team. All evaluators had 4 years of experience in
evaluating pork. The following elements were determined
visually in raw meat: visual colour intensity according to
a 6-point scale [44]: 1 point—very light meat, 6—dark
purple meat; marbling with the use of Canadian and
American standards on a 10-point scale [45, 46]: 1 —meat
without overgrowth, 10—very high marbling score, and
tactile evaluation: firmness on a 7-point scale [44]: 1—
very hard, 7—very soft.

Meat colour was also measured on a slice of raw meat,
48 h after slaughter, using a Minolta CR 310 photo col-
orimeter (Konica Minolta, Japan) with a measuring
port diameter of 50 mm. The device was standardised
using a white CR310 standard plate with the follow-
ing coordinates: Y=92.80, x=0.3175 and y=0.3333
Colour parameters were determined in the CIE L*a*b*
system (L*—lightness, a*—value representing redness,
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b*—represents yellowness) [47], with the use of a D65
illuminant and a 2° standard observer. Chroma (C*)
and hue angle (h°) were calculated according to Beattie
et al. [48] and Brewer et al. [49]:

bx
Cx = Va*2+bx2h° = tan ' —
ax

Muscle pigments were determined colourimetrically
according to the Hornsey method [50]. Ground meat
samples (10 g) were covered with 40 ml of acetone:
water: concentrated HCl mixture at a ratio of 40:2:1 and
extracted for 1 h. After filtration, the absorbance of the
test solutions was measured with a Marcel Media spec-
trophotometer at a wavelength of 640 nm. The optical
density value (E) was multiplied by a factor of 680 to
obtain the correct hematin concentration expressed as
micrograms of hematin per 1 g of meat.

The content of minerals in the meat was determined
by atomic absorption spectrometry (Solaar 969 device)
[51, 52]. For this purpose, freeze-dried meat samples,
subjected to wet mineralisation (Ethos Plus microwave
mineraliser), were used.

Fatty acid composition of meat was determined after
chloroform methanol extraction of total lipids [53].
Fatty acid methyl esters were prepared in accordance
with CSN ISO 5509 [54] and analysed by gas chroma-
tography (gas chromatograph 6890 N Agilent Tech-
nologies) according to CSN ISO 5508 [55]. The gas
chromatograph was equipped with DB-23 cyanopro-
pylmethylpolysiloxane column (150 to 230 °C). Fatty
acids were determined by comparison with standards
(37 Component FAME Mix, PUFA No. 1, PUFA No. 2,
PUFA No. 3; Sigma-Aldrich). Results were expressed as
percentages of the total fatty acid.

The atherogenic index (AI) and thrombogenic index
(TI) were calculated in accordance with Ulbricht and
Southgate [56]:

_ Cl12:0+4C14: 04+ C16:0
S MUFA+Y. (n—6)+>.(n—3)

Al

C14:0+C16:0+C18:0
TI — + +

05 MUFA 405 (n—6) +35 (n—3) + &

The representative samples of meat were homoge-
nised and subjected to chemical analyses to determine
selected amino acids using an Amino Acid Analyser
AAA 400 (INGOS Ltd., Prague, Czech Republic, evalu-
ation by the ChromuLan programme) equipped with
an ion-exchange column. Amino acids were released
from the protein molecules by acid hydrolysis with 6 M
hydrochloric acid.
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Statistical analysis

The meat quality results met the assumptions of normal
distribution. It was verified by the Shapiro-Wilk test.
The arithmetic mean and standard deviation for the
characteristics of the slaughter value and the standard
error of the mean (SEM) for the meat quality charac-
teristics were calculated. The significance of differences
between C, E1 and E2 feeding groups was calculated
using the Tukey’s HSD test for equal group sizes. A
probability P<0.05 was considered statistically signifi-
cant. All calculations were performed using Statistica
13.3 PL software [57].
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