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Abstract

This study aimed to evaluate the quality of the longissimus lumborum muscle in PLW X PL
pigs fed diets supplemented with a probiotic, a prebiotic and a synbiotic. The study material
comprised the longissimus lumborum (LL) muscle sampled from fattening pigs. The animals
were fed complete feed rations according to the following scheme: control group (I) — no feed
additives; group IT — 0.3% EM Bokashi; group III — 3% inulin; and group IV — 0.3% EM
Bokashi + 3% inulin. The pigs were fattened until they reached an average body weight
of approximately 112 kg. The inclusion of feed additives in the diets did no affect carcass
muscularity or fatness (p > 0.05). Supplementation with inulin and EM Bokashi (group IV)
significantly reduced muscle pH at 45 min and 2 h post-mortem compared to group II.
No significant effect of the feeding strategy was observed on the electrical conductivity,
water holding capacity or the LL muscle tenderness. However, the highest drip loss and
muscle tenderness were recorded in pigs fed diets supplemented with inulin. The muscles
from pigs in groups I and II were darker in colour (I.*), but less saturated in red and yellow
hues than the LL muscle from pigs in groups III and IV (p < 0.05). A significantly higher
intramuscular fat IMF) content (1.73% and 1.67%) was recorded in the muscles of pigs

* The study was financed under the COOPERATION measure of the Rural Development
Programme for 2014-2024 by the Agency for Restructuring and Modernisation of Agriculture
(00119.DDD.6509.00063.2022.07).

Address: Anna Milczarek, University of Siedlce, ul. Bolestawa Prusa 14, 08-110 Siedlce, Poland,
e-mail: anna.milczarek@uws.edu.pl



144 Anna Milczarek et al.

fed diets with EM Bokashi or inulin, respectively, compared to the control group (1.28%).
Simultaneously, the LL muscle from pigs receiving the prebiotic-supplemented diet contained
significantly less cholesterol than that from groups II and IV. The higher IMF levels in the
LL muscle of pigs fed inulin or EM Bokashi contributed to a significantly (p < 0.05) increased
content of oleic, saturated, and monounsaturated fatty acids compared to that of control pigs.
Based on these findings, the inclusion of 3% inulin in complete feed rations for fattening
pigs is recommended, as it resulted in the lowest cholesterol level and most favourable fatty
acid profile in the longissimus lumborum muscle.

Introduction

Meat is a source of high-quality proteins, minerals (zinc, selenium,
iron, and phosphorus), B-group vitamins, and fatty acids, and plays an
important role in the human diet (KUNACHOWICZ et al. 2020, MILCZAREK
2021, RYBARCZYK et al. 2021, ZDUNCZYK et al. 2024). Despite the high
nutritional value of red meat, studies (HERFORTH et al. 2019, D1 et al. 2023,
SHI et al. 2023) indicate that the consumption of meat products high in fat
and cholesterol may be associated with an increased risk of cardiovascular,
metabolic, and oncological diseases. Global pork consumption in 2021 was
32.5%, whereas poultry and beef consumption were 39.5% and 21.8%,
respectively (OECD/FAO 2023). The quality and safety of pork are closely
related to the health of humans. Therefore, improving pork quality and
ensuring the safety of meat for consumers is crucial.

Research (SOBOLEWSKA and GRELA 2014, PEREIRA PINTO et al. 2019,
WANG et al. 2019, GRELA et al. 2021, ZHOU et al. 2025) has shown that
modifying the composition of pigs’ diets by introducing bioactive components
such as probiotics, prebiotics, or synbiotics may affect not only growth
performance, but also carcass composition and the physicochemical properties
of meat. Probiotics are a live beneficial microorganisms which, confer health
benefits to the host, when administered in adequate amounts (FAO/WHO
2001). CHEN et al. (2005) and TUFARELLI et al. (2017) demonstrated that
supplementation of pig diets with additives containing microorganisms
improves digestion, enhances animal health status, and boosts weight
gain. However, the effects of probiotics on the physicochemical properties
of pork meat remain inconclusive. Some researchers have confirmed the
positive impact of probiotics on meat quality (LIU et al. 2013, SUO et al. 2012
BALASUBRAMANIAN et al. 2018), whereas others (RYBARCZYK et al. 2016,
CHANG et al. 2018) have not observed beneficial interactions.

Probiotics are commonly combined with prebiotics in livestock feeding
(GRELA et al. 2021, LEE et al. 2009, RINGSEIS and EDER 2022, SCOTT et al.
2017). According to the latest consensus of The International Scientific
Association for Probiotics and Prebiotics (ISAPP), prebiotics are dietary
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substrates that are utilised by beneficial microorganisms (Bifidobacteria and
Lactobacillus) in the gastrointestinal tract (GIT), thereby enhancing host
health and preventing disease (SCOTT et al. 2017, PATTERSON et al. 2010).
Inulin is a feed additive that exhibits prebiotic activity (ROBERFROID 2007,
KIERNAN et al. 2023). Inulin is a polymer that contains oligosaccharides
and polysaccharides. It is a type of fructan mixture found in a wide variety
of plants (chicory roots, Jerusalem artichoke, dandelion, and elecampane).
However, in industrial applications, it is most commonly extracted from
chicory roots (ROBERFROID 2007, VAN BEKKUM et al. 2008). The degree
of polymerisation of inulin fructans can range from approximately 2 to 60.
Fructooligosaccharides (FOS) is obtained via the enzymatic hydrolysis
of inulin, which reduces the degree of polymerisation (CHIKKERUR et al.
2020). The degree of polymerisation directly influences the physical properties
of compounds. The higher the degree of polymerisation of inulin, the greater
its gel-like behaviour, with longer chains having lower solubility (FRANCK
2002). Inulin passes through the upper digestive tract unchanged and reaches
the lower gastrointestinal tract, where it undergoes anaerobic fermentation
by bacteria. The fermentation products are short-chain fatty acids (SCFAs),
including acetic, propionic, and butyric acids. It has been shown that butyrate
serves as a primary energy source for colonocytes and provides protection
against colorectal cancer and inflammation (FLINT et al. 2012). NOWAK et al.
(2012) reported that an increase in the production of volatile fatty acids may
help regulate cholesterol levels, as well as support the absorption of calcium,
iron, and magnesium. Furthermore, other studies (DELZENNE and KOK 1999,
WILLIAMS 1999) have demonstrated that inulin has beneficial effects on
lipid metabolism in both humans and animals. ZHOU et al. (2025) suggest
that maternal inulin supplementation during gestation mitigates offspring
hepatic lipid deposition through butyrate-mediated epigenetic regulation,
where microbial-derived butyrate from inulin fermentation inhibits HDAC
activity, enhances histone acetylation levels, and upregulates fatty acid
S-oxidation gene expression. The inclusion of inulin in animal diets may
contribute to improved growth performance, increased villi length, and
reduced levels of skatole, indole, and cresol (JENSEN and HANSEN 2006,
HANSEN et al. 2006, GRELA et al. 2013, WANG et al. 2019) as well as affect
the carcass composition and pork meat quality (SOBOLEWSKA and GRELA
2014, WANG et al. 2019, GRELA et al. 2021).

Probiotics may enhance the beneficial effects of prebiotics on biological
systems (ALLOUI et al. 2013, MARKOWIAK and SLIZEWSKA 2017), and their
simultaneous inclusion in the diets of monogastric animals may result
in a synergistic effect on growth rate (SHIM et al. 2005, LEE et al.2009)
and meat quality.
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Therefore, this study aimed to evaluate the quality of the longissimus
lumborum muscle in PLW x PL pigs fed diets supplemented with EM Bokashi,
inulin, or a combination of EM Bokashi and inulin.

Materials and Methods
Animals, slaughter and carcass treatment

The experiment was performed according to the recommended EU Direc-
tive 2010/63/EU for animal experimentation. The investigation was carried
out on 80 barrows (20 animals in each group) derived from Polish Large
White X Polish Landrace crossbred fatteners. The animals of the each group
(I, IL, III and IV) were fattened (for different number days) from starting
an average body weight of 30.5 kg (£1.5 kg) to 112 kg (+5 kg). The fatteners
were kept on the same farm (Mazovia district, Poland) in a non-bedding
system with unrestricted access to water and were fed ad libitum with
Grower 1 up to 60 kg, Grower 2 from 60 kg to 90 kg, and then up to 112 kg
with Finisher. The rations were isoprotein, isoenergetic, and balanced
in accordance with nutritional recommendations (NRC 2021). The animals
were divided into four equinumerous feeding groups as follows: group I
(control) receiving complete feed mixtures without probiotic or prebiotic,
group II — complete feed + 0.3% EM Bokashi, group IIT — complete feed +
3% inulin, and group IV — complete feed + 0.3% EM Bokashi + 3% inulin
(Table 1).

EM Bokashi probiotic contained a complex of effective microorganisms,
such as Saccharomyces cerevisiae (3.3 - 105 CFU/ml IFO 0203), Lactobacillus
casei (1 k 2 1.95 - 107 CFU/ml ATCC 7469), and Lactobacillus plantarum
(1k 2 1.95x107 CFU/ml ATCC 8014). Chicory inulin contained approximately
92% inulin with DP > 10 and 8% other carbohydrates (glucose, fructose,
and sucrose).

After the fattening period, all pigs were loaded in small groups by
qualified personnel into transport vehicles. Fatteners were transported 30 km
to the slaughterhouse at night and rested for 2 h in lairage pens, following
density standards and with constant access to water. At the slaughter line,
lean meat content, backfat, and muscle thickness were measured using
a Sydel CGM optic-needle apparatus, and hot carcase weight (HCW) was
measured immediately afterwards (accuracy up to 0.1 kg). The carcasses
were then chilled in a blast-cooling tunnel and stored at 4°C for up to 24 h
after slaughter.
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Table 1
Ingredients and chemical composition of the pig diets
Grower 1 Grower 2 Finisher
Item
Lo |m|w |1 |ofm|w]| 1 |ofo|w

Ingredients:

Barley 23.9 21.5 20.5
Triticale 24.78 29.71 29.71
Wheat 12.6 8.6 5.8

Corn 7.0 10.0 14.9

wheat bran 1.0 2.5 3.5
non-GMO soybean meal 11.68 8.16 5.18
Sunflower meal 1.0 1.0 1.0

DDGS 5.0 5.0 5.0
Rapeseed meal 5.0 6.0 7.0
Sunflower oil 2.1 1.5 1.3

Mineral-vitamin supple-
ments (e.g., limestone,
1-Ca-pfosphate, salt, etc.),
amino acids, premix

2.9412.91(12.94(2.91|3.03| 3.0 |3.03| 3.0 [3.11|3.08|3.11|3.08

Corn starch 3.0(30]| - - 13030 - - 130130

EM Bokashi - 0.3 - 0.3 - 0.3 - 0.3 - 0.3 - 0.3

Inulin - - 3.0 | 3.0 - - 3.0 3.0 - - 3.0 | 3.0

Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Nutritive value per 1 kg of diet:

Crude protein [g] 170 160 150

Lysine [g] 11.6 10.7 9.80

Methionine [g] 4.0 3.6 3.4

Crude fibre [g] 41 46 50

Ca [g] 7.6 6.8 6.0

P [g] 5.5 4.7 4.1

Na [g] 1.3 1.1 1.0

Metabolic energy [Md] 13.1 13.0 12.9

Explanations: DDGS — dry distillers grains with solubles

Meat quality attributes

Both pH and EC measurements were performed directly in hanging
half-carcasses in the longissimus lumborum muscle (LL) behind the last rib
(from 35 min. to 24 h post-mortem) while remaining meat quality attributes
were measured in meat samples taken at the last rib and 18t—4th lJumbar
vertebra (after 24 h of chilling). Each muscle sample was separated from
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the bone, external fat, and epimysium, packed in polyethylene bags, placed
in cooling boxes (below 4°C for approximately 1 h), transported to the
laboratory, and stored at 4°C in refrigerators. Four slices were cut from
each carcase: three slices (2-cm thick) were used to determine pork quality
attributes, while the remaining slice was used to evaluate the proximate
composition, fatty acid profile, and cholesterol content.

Muscle pH and electrical conductivity (EC) were measured after 45 min
of storage (pH,5), 2 (pHy), and 24 hours post-mortem (pH,,) directly
in meat plants using a temperature-compensating pH meter pH-Star and
conductometer LF-star with a frequency of 1.2 kHz, respectively. Both
apparatuses were calibrated prior to measurement (the pH meter was
standardised using pH 7 and 4.6 buffer solutions. The electrodes were placed
crosswise on the muscle fibres.

Meat colour was measured at 24h post-mortem after 10 min. blooming
period in the CIE L*a’b" system: L" — lightness, a” — redness, and b" — yel-
lowness (CIE 2007) with a Minolta portable chroma meter with a 50 mm
aperture. Two illuminant/observer combinations were applied: illuminant C
(average daylight) and standard observer 2°, and illuminant D65 (daylight)
and standard observer 10°, as recommended by HONIKEL (1998) for the
measurement of meat colour. The instrument was standardised using a white
calibration plate with the following coordinates: Y = 92.80, x = 0.3175, and
y = 0.3333. In the measuring system used, L" denotes psychometric colour
saturation, which is a spatial vector, and a *and b *are trichromatic coordi-
nates (a *is a positive value that corresponds to red, its negative corresponds
to green, positive b” corresponds to yellow, and negative b* corresponds
to blue). The colour parameters a“ and b” were used to calculate chroma
(C*) and hue (h°) using the formulas used by MILCZAREK and OSEK (2019).

Drip loss (DL) was determined according to the method described by
PRANGE et al. (1997). Meat samples (approximately 100 g) were cut from
carcasses 24 h post-mortem, weighed, and placed in plastic bags. After storage
at 4°C, the samples were weighed again at 24 and 48 h. Drip loss [%] was
calculated as the difference in sample weight before and after storage with
respect to the initial weight.

Water absorption, expressed as water holding capacity (WHC), was
determined using GRAU and HAMM’S (1952) method, as modified by POHJA
and NINIVARRA (1957), based on the amount of free water (expressed in %)
lost by the meat sample placed on the filter paper pressed between two
glass plates. The infiltration area (cm?) was measured using a mechanical
planimeter HAFF-Planimeter No. 313.

Cooking loss was assessed as follows: samples of known weights
(approximately 100 g) were placed in hot water for approximately 30 min.
Upon reaching a temperature of 72°C, all samples were cooled to room
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temperature (21°C), dried, and weighed. Cooking loss was calculated as the
difference between the sample weights before and after thermal treatment
with respect to the initial weight. After 24 h of storage at 4°C, the shear
force was measured using a Stable Micro Systems TA.XT Express Enhanced
with a Warner—Bratzler knife according to PN-ISO NORM 11036:1999 (1999).
Three cuboids (1.0 cm in diameter) were cut from each meat sample along
the muscle fibres, measured, and expressed as mean values.

Proximate chemical composition, fatty acid profile, cholesterol,
and energy value of muscle

The following proximate chemical compositions were measured in the raw
and ground meat samples according to the official methods of analysis of the
AOAC (2003): moisture content by oven-drying samples to a constant weight
(950.46), crude protein content by the classical Kjeldahl method (981.10),
and intramuscular fat content by petroleum ether extraction (960.39) using
a Soxhlet apparatus. Based on proximate composition and energetic value
of protein (5.75 kcal - g'1) and fat content (9.46 kcal- g'), the energetic value
of longissimus lumborum muscle was estimated according to Atwater energy
equivalents (MILCZAREK and OSEK 2016).

Sample preparation for the determination of total cholesterol content
(extraction, separation of unsaponifiable fraction, preparation of trimethylsilyl
sterol ethers) and chromatographic analysis with mass spectrometry (GCMS)
were performed according to the Polish Standard PN-EN 12228:2002 (2002)
using an Agilent 8890 GC apparatus.

The fatty acid profile of the lipid fraction was determined according
to FOLCH et al. (1957) by gas chromatography (GC-FID) of methyl esters
using a Perkin Elmer Clarus 580 gas chromatograph with a flame ionisation
detector (air-hydrogen). A CP-Sil 88 capillary column (60 m X 0.25 mm
x 0.20 pm) was used for the analysis. The injector temperature was 260°C,
the detector temperature was 260°C, and the column temperature was 140°C
(initial) and 240°C (final). Helium was used as the carrier gas at a flow rate
of 0.5 ml per minute. The fatty acids were calculated using chromatogram
peak areas. Although the total fatty acid profile was determined, only
fatty acids with values >0.1% were included, reflecting the apparatus’
detection limit.
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Statistical analysis

The obtained results were statistically analysed using STATISTICA
SOFTWARE VER. 13.1 (2019). The normality of the data distribution was
tested using the Shapiro—Wilk test. The calculated parameters included
measures of location (arithmetic mean) and dispersion (standard error of the
mean), and data were analysed using one-way analysis of variance. The model
is expressed as follows:

yi:p+ai+ei

where:
y; — the measured it trait
p — the overall population mean
a; — the analysed factor effect of the ith trait
e; — the random error.

The significance of the differences between the means was evaluated
using Tukey’s post hoc multiple range test. Statistical significance was
assumed to exist when the probability was less than 0.05.

Results and Discussion

The introduction of EM Bokashi, inulin, or both additives combined into
the diets for PLW X PL crossbred pigs had no significant effect (p > 0.05) on
warm carcase weight, muscularity, longissimus lumborum muscle height,
and backfat thickness (Table 2).

Table 2

Slaughter carcass value

) Experimental groups
Traits p-value SEM

I 11 II1 v

Hot carcass weight [kg] 81.04 81.81 82.22 82.02 0.257 0.887
Lean meat content [%] 56.84 57.17 57.99 58.45 0.341 0.348
Backfat thickness [mm] 56.70 57.40 58.25 59.75 0.373 0.640
Muscle thickness [mm)] 14.55 15.30 15.75 15.55 0.118 0.533

Explanations: group I — control (complete feed mixtures without additives); group II — fed complete
mixtures with 0.3% EM Bokashi; group III — fed complete mixtures with 3% inulin; group IV — fed
complete mixtures with 0.3% EM Bokashi + 3% inulin

SEM - standard error of the mean
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Several researchers (CHANG et al. 2018, RYBARCZYK et al. 2020, 2021,
ZHOU et al. 2025) have assessed the slaughter value of pigs fed diets with
probiotics, prebiotics, and synbiotics. According to CHANG et al. (2018) and
RYBARCZYK et al. (2020), no statistical differences in the lean meat content
were noted between the experimental groups. In addition, ZHOU et al. (2025)
found that 1.5% inulin inclusion resulted in no statistical differences in lean
meat content; however, the authors observed a slight increase in backfat
thickness. However, in the study by RYBARCZYK et al. (2021), the addition
of 0.3% EM Bokashi to the Naima x P-76 diet resulted in a statistically
higher lean meat content (57.01% vs. 54.75%), higher longissimus lumborum
muscle thickness (57.88 vs. 57.01%), and a decrease in backfat thickness
(19.64% vs. 16.54%)).

Supplementation of the fatteners’ diet with inulin and EM Bokashi
(group IV) significantly (p < 0.05) reduced muscle pH at 45 min and 24 h
post-mortem compared with pigs fed diets supplemented with EM Bokashi
alone (Table 3).

Table 3
Physicochemical traits of longissimus lumborum muscle (N = 80)
Experimental groups
Traits p-value SEM
I 11 111 v
Acidity of the muscles
pH,5 6.21ab 6.28a 6.16b 6.15b <0.05 0.023
pH,, 5.64a 5.56ab 5.53b 5.58ab <0.05 0.013
Electrical conductivity
EC, 3.61 3.14 3.28 3.89 0.101 0.117
ECy, 3.91 3.49 3.43 3.75 0.508 0.126
Colour
L', 51.62b 51.45b 53.91ab 54.36a <0.05 0.386
a’yy 8.77b 8.51b 12.17a 12.46a <0.05 0.378
by, -0.63b -0.77b 1.81a 2.48a <0.05 0.280
Cy, = [@9% + (69?05 8.83b 8.58b 12.53¢ | 12.97a | <0.05 0.410
h°,, =log(b"/a") -0.08b -0.10b 0.09a 0.15a <0.05 0.020
Drip loss 3.56 3.06 3.54 3.07 0.283 0.123
Cooking loss [%] 34.09 33.81 31.46 33.90 0.084 0.420
%gr[}cﬂg]mg capacity 5.68 6.42 6.89 6.43 0.121 0.178
Shear force [N/kg] 18.25 17.01 19.67 18.30 0.325 0.502

Explanations: group I — control (complete feed mixtures without additives); group II — fed complete
mixtures with 0.3% EM Bokashi; group III — fed complete mixtures with 3% inulin; group IV — fed
complete mixtures with 0.3% EM Bokashi + 3% inulin

a, b — statistically significant at p < 0.05, SEM — standard error of the mean
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Dietary probiotics and prebiotics have the potential to improve pork quality
traits (LIU et al. 2013, RYBARCZYK et al. 2021). However, the mechanisms by
which they modify the quality traits are not fully understood. Probiotics and
prebiotics may exert beneficial effects on meat quality through the gut-muscle
axis by modulating the gut microbiota, producing beneficial metabolites,
competitively excluding pathogenic microorganisms, and modulating the
immune system of the host (CHEN et al. 2022, WEN et al. 2024). There
are several potential mechanisms by which probiotics and prebiotics may
influence meat quality via the gut-muscle axis. These include skeletal muscle
metabolism, transformation of muscle fibre type, and intramuscular fat
deposition (WEN et al. 2024).

Post-mortem pH decline plays a crucial role in determining of pork
quality. Normally, in the longissimus muscle, pH declines from 7.2-7.4
in living muscle to 5.7-5.5 at 24 h after slaughter. Muscles with rapid
post-mortem glycolysis exhibit a pH lower than 5.8 at 1 h after slaughter
(SCHEFFLER and GERRARD 2007). In this study, the observed pH values
in all experimental groups were within the range typical for normal meat
across all measurements; however, pigs supplemented with EM Bokashi (IT)
produced pork with a higher pH at 45 min and 2 h in comparison with group
IIT1 IV. At 24 h post-mortem, the lowest pH value was noted in group III
(pigs fed with 3% inulin). However, it should be stated that all experimental
treatments (II, III, and 1V) showed a tendency to lower muscle acidity
compared to the control group (I).

SUO et al. (2012) noted that the addition of Lactobacillus plantarum ZJ316
increased pH measured at 45 min. after slaughter and lowered shear force and
texture. Additionally, RYBARCZYK et al. (2016) showed that 0.3% EM Bokashi
addition increased pH measured 24 hours after slaughter (5.59 vs. 5.66);
however, it also increased drip loss (3.7% vs 2.5%) and cooking loss (31.02%
vs. 28.57%). CHANG et al. (2018) found that Lactobacillus plantarum
(2.5 - 107 CFU/mL) statistically lower pH value; however, no adverse effect
on WHC was found by the cited authors, which was also conferment in this
study. RESZKA et al. (2020) showed that pigs fed a standard diet with soybean
meal and probiotic had lower WHC than those from the control group and
reported no effect of EM Carbon Bokashi on ultimate pH (pH,g), although
both control and probiotic supplemented pigs displayed low pH,g (5.1-5.2).

No statistically significant effect (p > 0.05) of the feeding strategy was
observed on the electrical conductivity, drip loss, cooking loss, and water
holding capacity (WHC) of the longissimus lumborum muscle (Table 3).
However, the highest drip loss was recorded in pigs fed diets supplemented
with inulin (group III). Simultaneously, the muscles of pigs fed diets
containing inulin exhibited the greatest hardness (p > 0.05).
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According to the aforementioned studies, the effect of prebiotics,
such as inulin supplementation, on water distribution in pork remains
inconclusive. ROSENVOLD and ANDERSEN (2003) reported that the loins
of pigs supplemented with high doses of inulin (25%) had lower drip loss
than those in the control group. In contrast, ALUWE et al. (2013) showed
that supplementation with 7% inulin increased the drip loss from pork
loins. PRZYBYLSKI et al. (2019) showed that supplementation of inulin
(7% in diet) had no significant effect on drip loss, although loins from
inulin fed pigs for 40 days displayed higher drip loss (by 1.4 pp.). Other
studies have shown no effect of inulin supplementation on drip loss (HANSEN
et al. 2008, WANG et al. 2019, GRELA et al. 2021). In this study, low drip
loss values (< 4% according to BERTRAM et al. 2000) measured 48 h after
slaughter were observed, regardless of the experimental group. However,
a slight decrease in its value (c.a. 0.5%) was noted for the experimental
groups in which 0.3% EM Bokashi was used (II — 0.3% EM Bokashi and
IV —0.3% EM Bokashi and 3% inulin). Moreover, no statistical differences
were observed in the WHC among the experimental groups. However, the
addition of probiotics and synbiotics (II, III, and IV) tended to increase their
values. This finding is contradictory to that of JUKNA et al. (2005), JTANG
(2011), LIU et al. (2013), and GRELA et al. (2021) showed that the addition
of Saccharomyces cerevisiae, Lactobacillus casei, Lactobacillus acidophilus,
Streptococcus faecium, and Bacillus subtilis to pig diets statistically improved
the water holding capacity. However, RYBARCZYK et al. (2020) showed that
0.5% EM® probiotic (Saccharomyces cerevisiae, Lactobacillus casei, and
Lactobacillus plantarum) increased drip loss by 2-3 percentage points, cooking
loss, and electrical conductivity at 2 and 24 h post-mortem. Additionally,
the authors noted that the addition of probiotics at 0.3% did not influence
the aforementioned traits. The tendency to decrease shear force in group I1
(0,3% EM Bokashi) was complementary to the results noted by GRELA et al.
(2021). The authors found lower shear force (by 17%, p < 0.05) in pork fed
with the addition of prebiotics. In addition, PEREIRA PINTO et al. (2019)
reported that the addition of 6% inulin significantly lowered the shear
force and chewiness. However, ZHOU et al. (2025) noted that inulin did not
influence shear force. In conclusion, drip loss is an important quality cue
for consumers, although it is less important in the decision-making process
than fat cover and colour (NGAPO et al. 2007, VERBEKE et al. 2010, FONT-I-
FURNOLS and GUERRERO 2014, NGAPO et al. 2017). In general, consumers
prefer pork with minimal or no drip, which is perceived as a sign of higher
meat quality (FONT-I-FURNOLS and GUERRERO 2014, NGAPO et al. 2017).
Thus, pork from pigs supplemented with inulin or synbiotic fits well within
the preferences of consumers.
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Muscle from pigs fed diets without additives or supplemented with EM
Bokashi were darker (L*) but less saturated (p <0.05) in red (a*) and yellow
(b*) hues than those from pigs receiving diets supplemented with inulin
or inulin + EM Bokashi (Table 3). The longissimus lumborum muscles of pigs
in groups IIT and IV featured significantly (p <0.05) higher colour saturation
(C*) than those of pigs in groups I and II. Similarly, hue angle (h°) values
were significantly higher in muscles from groups II and IV in comparison
with muscles from pigs fed diets supplemented solely with the probiotic
(group II).

The lack of effect of EM Bokashi supplementation in the diets of PLW x PL
fatteners on the colour parameters (L*,a*,b*) of the longissimus lumborum
muscle is consistent with the findings of RYBARCZYK et al. (2016), who
demonstrated that 0.3% EM Bokashi included in the diet of Naima X P-76
crossbreds did not result in differences in lightness or colour saturation
in the red and yellow directions. In a subsequent study, RYBARCZYK et al.
(2020) reported that the meat of pigs supplemented with 0.5% EM® probiotic
(containing Saccharomyces cerevisiae, Lactobacillus casei, and Lactobacillus
plantarum) was characterised by higher red colour saturation (a*) than that
of both the control group and the group supplemented with 0.3% probiotic.
In a study by JIANG (2011), the addition of a probiotic preparation containing
Phaffia rhodozyma significantly increased the redness (a*) of the meat colour
of fatteners. Other studies have shown that the administration of probiotics
(L. plantarum) to pigs enhanced the antioxidant activity in meat, which
was due to an increase in the concentration of vitamin C (CHANG et al.
2018). It should be mentioned that vitamin C is characterised by very good
antioxidant properties and increasing its concentration in meat improves
meat colour and persistence (WHEELER et al. 1996). RYBARCZYK et al. (2020)
claimed that the lactic acid bacteria (ILAB) dosage had a significant effect
on the gut microbiota through a significant increase in LAB count and
a decrease in the number of Enterobacteria, which might be relating to the
changes in LL muscle quality, especially in the traits associated with water
holding capacity and meat colour-chromatic characteristics (a*, b*, C*, h°).

The inclusion of inulin or inulin + EM Bokashi in pig diets resulted
in meat with a lighter colour (L*) and more intense red (a*) and yellow (b*)
hues than the meat of pigs receiving control diets or diets with an added
probiotic (Table 3). The colour of fresh meat has a crucial effect on consumers’
purchasing decisions. However, consumers’ expectations for pork colour
vary widely by region and culture (ALTMANN et al. 2023). In Europe, most
consumers prefer lighter but redder meat (NGAPO et al. 2010, JAWORSKA
et al. 2009). Thus, pork from pigs supplemented with inulin or synbiotics may
be more preferable to consumers. The results partially support the findings
of GRELA et al. (2021), who also observed a lighter colour and increased yellow
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hue in the meat of pigs fed a diet containing inulin, although with a decrease
in redness. In turn, SOBOLEWSKA and GRELA (2014) demonstrated that
the type of inulin used in pig diets affects meat colour parameters, as raw
loin from pigs fed diets with inulin obtained by water-alcohol extraction,
compared to other pig groups (inulin obtained by water extraction, powdered
Jerusalem artichoke, or powdered chicory), was characterised by the lightest
colour (L*) and the highest saturation in the yellow direction (b*). ZHOU
et al. [13] did not confirm the effect of a 1.5% inulin addition to pig diets on
meat colour parameters.

The addition of probiotics (EM Bokashi), prebiotics (inulin), or synbiotics
(EM Bokashi + inulin) to the diets of fattening pigs did not affect (p > 0.05)
the proximate composition (dry matter, crude ash, and crude protein) of the
muscle, except for crude fat (Figure 1).
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Fig. 1. Proximate chemical composition [%)]

The crude fat content was significantly (p < 0.05) higher in the muscles
of pigs fed diets with EM Bokashi (group II) and inulin (group III) than
that in the control pigs.

From a human nutrition perspective, fat is a carrier of flavour and
a source of saturated fatty acids (MILCZAREK 2021, ZDUNCZK et al. 2024).
Crude fat also determines the culinary usefulness of meat; for the longissimus
dorsi muscle, the optimal IMF content ranges from 1.5 to 3.5% (WOOD et al.
1994). In this study, the analysis of the effect of the applied pig feeding
regime on the nutritional value of the longissimus dorsi muscle confirmed



156 Anna Milczarek et al.

that the crude fat content was the most variable (1.28—1.73%). BREWER (1998)
found that meat with IMF content between 1.5 and 3.5% was characterised
by higher flavour intensity and juiciness than meat with low (<1.5%) IMF
content. Only the muscles of fatteners receiving diets supplemented with
EM Bokashi and inulin showed fat levels within the aforementioned
range, which may be preferred by most consumers. In Europe, fat content
is the most important cue in consumers’ choice, preferably with slightly
visible fat (including subcutaneous fat cover and intramuscular fat), thus
increasing their purchase intention (VERBEKE et al. 2010, FONT-I-FURNOLS
and GUERRERO 2014, FONT-I-FURNOLS et al. 2012, DE ARUJO et al. 2022).
However, BREWER et al. (2001) reported that chops with less than 2.5%
IMF had higher overall acceptability and purchase intention than those
with higher IMF content.

RYBARCZYK et al. (2016, 2019, 2020) found that the inclusion of EM
Bokashi probiotics (0.3%) or BioPlusYC (0.4%) in diets fed to fatteners did
not significantly affect the fat content of meat. However, 0.5% share reduced
intramuscular fat compared to the control and 0.3% probiotic-supplemented
groups [65]. GRELA et al. (2021) demonstrated that supplementation with
a probiotic (Lactococcus lactis, Carnobacterium divergens, Lactobacillus
casei, Lactobacillus plantarum, Saccharomyces cerevisiae) reduced (2.09%
vs. 2.22%) intramuscular fat content in the longissimus lumborum muscle
compared to the control group.

Likewise, in the present study, GRELA et al. (2021) noted a similar content
of basic components in the muscle tissue of fatteners fed diets supplemented
with inulin, except for the IMF level. Inulin addition increased its content,
whereas probiotic reduced.

The feed additives used in the diets of fattening pigs did not affect the
energy value of the evaluated longissimus lumborum muscle (Table 4).

The amount of energy in the muscle ranged from 149.21 to 154.14 kcal/100
g and was attributed to the nutrient content, especially intramuscular fat
(IMF). Due to the muscle’s low IMF level, its energy value was lower than
that reported by MILCZAREK and OSEK (2016), MILCZAREK et al. (2019) and
KUNACHOWICZ et al. (2020).

Animal-origin products, including pork meat, are a source of cholesterol
in the human diet (KUNACHOWICZ et al. 2020). KUNACHOWICZ et al. (2020)
state that the cholesterol content in pork ranges from 60 to 72 mg/100 g.
Lower cholesterol content (52.48-59.48 mg/100 g) was found in the
longissimus dorst muscle of PLW x PL crossbreds. The inclusion of probiotics,
prebiotics, or synbiotics in the diets of fatteners did not affect the cholesterol
content of the longissimus lumborum muscle. However, significantly lower
amounts (52.48 mg/100 g) of this component were found in the muscle
of pigs receiving diets with inulin compared to those fed with EM Bokashi
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Table 4
Energy value, cholesterol and fatty acids profile of muscles (V= 80)
Praits Experimental groups pvalue SEM
I 11 I11 v
Energy value [kecal/100 g] 149.21 152.76 154.14 149.53 0.219 0.878
Cholesterol [mg/100 g] 53.72ab | 59.26a 52.48b 59.48a <0.05 0.884
Fatty acids [g/100 g]

Palmitic acid (C16:0) 0.30 0.40 0.36 0.33 0.983 0.015
Stearic acid (C18:0) 0.19 0.25 0.22 0.22 0.788 0.009
Oleic acid (C18:1n9c) 0.46b 0.65a 0.62a 0.496 <0.05 0.127
Linoleic acid, LA (C18:2n6c¢) 0.19 0.20 0.23 0.20 0.367 0.009
SFA 0.48¢ 0.67a 0.63a 0.55b <0.05 0.027
UFA 0.81b 1.06a 1.04a 0.86ab <0.05 0.040
MUFA 0.52b 0.79a 0.76a 0.61ab <0.05 0.034
PUFA 0.26 0.26 0.28 0.24 0.399 0.012
Omega-3 <0.10 <0.10 <0.10 <0.10 1.000 1.000
Omega-6 0.23 0.26 0.27 0.23 0.526 0.011
Omega-7 0.14 0.13 0.15 0.13 0.356 0.005
Omega-9 0.46 0.66 0.63 0.51 0.580 0.028

Explanations: group I — control (complete feed mixtures without additives); group II — fed complete
mixtures with 0.3% EM Bokashi; group III — fed complete mixtures with 3% inulin; group IV — fed
complete mixtures with 0.3% EM Bokashi + 3% inulin

IMF — intramuscular fat; SFA — saturated fatty acids; UFA — unsaturated fatty acids; MUFA —
monounsaturated fatty acids; PUFA — polyunsaturated fatty acids

a, b — statistically significant at p < 0.05, SEM — standard error of the mean

(59.26 mg/100 g) or EM Bokashi + inulin (59.48 mg/100 g). RYBARCZYK et al.
(2016) found a significantly lower cholesterol level (71.91 mg/100 g) in the
muscle of Naima X P-76 pigs fed a diet with 0.3% EM Bokashi compared
to the muscle of pigs from the control group (74.50 mg/100 g). In contrast,
GRELA et al. (2013) demonstrated that supplementing pig diets with inulin
and garlic water extract significantly reduced the cholesterol content in the
longissimus dorsi muscle.

The muscles of pigs fed diets supplemented with inulin or EM Bokashi
contained significantly (p < 0.05) higher amounts of oleic acid, saturated fatty
acids (SFA), and unsaturated fatty acids (UFA), including monounsaturated
fatty acids (MUFA), than those of the control pigs.

From a human nutrition perspective, a beneficial increase in the share
of unsaturated fatty acids (UFA) and a decrease in saturated fatty acids (SFA)
were observed in the muscles of pigs fed control diets or diets with inulin
compared to those fed rations supplemented with EM Bokashi or EM Bokashi
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+ inulin. Moreover, the evaluated bioactive additives had no effect on omega-3
and omega-6 fatty acid levels. However, GRELA et al. (2013) found higher
levels of omega-3 and omega-6 fatty acids in the longissimus dorsi muscle
of pigs fed diets supplemented with inulin and garlic extract. Additionally,
GRELA et al. (2021) reported a more favourable n6/n3 polyunsaturated
fatty acid ratio in the muscle of pigs receiving diets supplemented with
a probiotic (Lactococcus lactis, Carnobacterium divergens, Lactobacillus
casei, Lactobacillus plantarum, and Saccharomyces cerevisiae) than that
in the meat of fattening pigs from the control group.

Conclusions

In conclusion, it must be stated that the inclusion of 0.3% EM Bokashi,
3% 1nulin, and 0.3% EM Bokashi + 3% inulin in the diets of PLW X PL
crossbreds did not affect carcass value and allowed for the production of meat
with desirable physicochemical properties.

From the consumer nutrition perspective, the inclusion of 3% inulin
in complete feed rations for fattening pigs is recommended, as it resulted
in the lowest the cholesterol level (52.48 mg/100g) and the most favourable
fatty acid profile in the longissimus lumborum muscle. Both of the above-
mentioned impacts, that is, on the physicochemical and dietary value, can
be considered factors influencing consumers’ willingness to purchase, due to
increased awareness of a healthy diet and a potential decrease in diseases
of affluence, which may also attract greater interest from processors.

Accepted for print 1.12.2025

References

ALLOUI M.N., SZCZUREK W., SWIATKIEWICZ S. 2013. The usefulness of prebiotics and probiotics
in modern poultry nutrition: a review. Ann. Anim. Sci., 13(1): 17-32, doi:10.2478/v10220-012-
0055-x.

ALTMANN B.A., TRINKS A., MORLEIN D. 2023. Consumer preferences for the color of unprocessed
animal foods. J. Food Sci., 88: 909-925, do0i:10.1111/1750-3841.16485.

ALUWE M., LANGENDRIES K.C.M., BEAKERT K.M., TUYTTENS F.A.M., DE BRABANDER D.L.,
DE SMET S., MILLET S. 2013. Effect of surgical castration, immunocastration and chicory-diet on the
meat quality and palatability of boars. Meat Sci., 94: 402—-407, doi:10.1016/j.meatsci.2013.02.015.

AOAC Official Methods of Analysis of the Association of Official Analytical Chemists, 17th ed.:
Revision 2, Association of Official Analytical Chemists, INC.: Gaithersburg, USA, 2003.

GRAU R., HAMM R. 1952. Eine einfache Methode zur Bestimmung der Wasserbindung in Fleisch.
Fleischwirtschaft, 4: 295-297.

BALASUBRAMANIAN B., LEE S.I., KiM I.H. 2018. Inclusion of dietary multi-species probiotic on growth
performance, nutrient digestibility, meat quality traits, faecal microbiota and diarrhoea score
in growing—finishing pigs. Ital. J. Anim. Sci., 17: 100—-106, doi:10.1080/1828051X.2017.1340097.



Quality of the Longissimus Lumborum Muscle... 159

BERTRAM H.C., PETERSEN, J.S., ANDERSEN H.J. 2000. Relationship between RN— genotype and
drip loss in meat from Danish pigs. Meat Sci., 56(1): 49-55, doi:10.1016/S0309-1740(00)00018-8.

BREWER M.S. 1998. Consumer attitudes towards color and marbling of fresh pork. American Meat
Science Association. National Pork Board, pp. 1-8.

BREWER M.S., ZHU L.G., MCKEITH F.K. 2001. Marbling effects on quality characteristics of pork
loin chops: Consumer purchase intent, visual and sensory characteristics. Meat Sci., 59: 153-163,
doi:10.1016/50309-1740(01)00065-1.

CHANG S.Y., BELAL S.A., KOoNG D.R., CHO1 Y.I., Kim Y.H., CHOE H.S., HEO J.Y., SHIM K.S. 2018.
Influence of probiotics-friendly pig production on meat quality and physicochemical characteristics.
Korean dJ. Food Sci. An. Resour., 38(2): 403—416, doi:10.5851/kosfa.2018.38.2.403.

CHEN B., L1 D., LENG D., Kut H., BAT X., WANG T. 2022. Gut microbiota and meat quality. Front.
Microbiol., 13:951726, do0i:10.3389/fmicb.2022.951726.

CHEN Y.J., SONK.S., MIN B.J., CHO J.H., KWON O.S., KiM I.H. 2005. Effects of dietary probiotic on
growth performance, nutrients digestibility, blood characteristics and fecal noxious gas content
in growing pigs. Asian-Aust. J. Anim. Sci., 18: 1464-1468.

CHIKKERUR J., SAMANTA A.K., KOLTE A.P., DHALI A., ROY S. 2020. Production of short chain
fructo-oligosaccharides from inulin of chicory root using fungal endoinulinase. Appl. Biochem.
Biotechnol., 191: 695-715, doi:10.1007/s12010-019-03215-7.

CIE. 2007, Draft Standard 014-4.3/E: Colorimetry—Part. 4: CIE 1976 L*a*b* Colour Space; CIE:
Vienna, Austria: p. 8.

DE ARAUJO P.D., ARAUJO W.M.C., PATARATA L., FRAQUEZA M.J. 2022. Understanding the main
factors that influence consumer quality perception and attitude towards meat and processed
meat products. Meat Sci., 193: 108952, doi:10.1016/j.meatsci.2022.108952.

DELZENNE N.M., KOK N.N. 1999. Biochemical basis of oligofructose — induced hypolipidemia
in animal models. J. Nutr., 129: 1467-1470.

D1Y., DING L., GAO L., HUANG H. 2023. Association of meat consumption with the risk of gastro-
intestinal cancers: A systematic review and meta-analysis. BMC Cancer, 23: 782, do0i:10.1186/
$12885-023-11218-1.

EU Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010
on the protection of animals used for scientific purposes. Official Journal of European Union,
v. 276, 2010: 33-79.

FAO/WHO Expert Consultation, Amerian Cérdoba Park Hotel, Cérdoba, Argentina. Health and
nutritional properties of probiotics in food including powder milk with live lactic acid bacteria.
Prevention 2001, 5: 1-10. https://www.igb.es/digestivo/pdfs/probioticos.pdf, access: 29.05.2025.

FrLinT H.J., ScoTT K.P., LOUIS P., DUNCAN S.H. 2012. The role of the gut microbiota in nutrition
and health. Nat. Rev. Gastroenterol. Hepatol., 9: 577-589, do0i:10.1038/nrgastro.2012.156.

FoLcH J., LEES M., SLOANE STANLEY G.H. 1957. A simple method for the isolation and purification
of total lipids from animal tissues. J. Biol. Chem., 226: 497-509, doi:10.1016/s0021-9258(18)64849-5.

FRANCK A. 2002. Technological functionality of inulin and oligofructose. Br. J. Nutr., 87: 287-291,
do0i:10.1079/BINBJN/2002550.

FONT-I-FURNOLS M., GUERRERO L. 2014. Consumer preference, behavior and perception about
meat and meat products: An overview. Meat Sci., 98: 361-371, doi:10.1016/j.meatsci.2014.06.025.

FONT-I-FURNOLS M., ToUS N., ESTEVE-GARCIA E., GISPERT M. 2012. Do all the consumers accept
the marbling in the same way? The relation between visual and sensory acceptability of pork.
Meat Sci., 91: 448-453, doi:10.1016/j.meatsci.2012.02.030.

GRELA E.R., PIETRZAK K., SOBOLEWSKA S., WITKOWSKI P. 2013. Effect of inulin and garlic
supplementation in pig diets Ann. Anim. Sci., 13(1): 63—71, doi:10.2478/v10220-012-0059-6.
GRELA E.R., SWIATKIEWICZ M., FLOREK M., BAKOWSKI M., SKIBA G. 2021. Effect of inulin source
and a probiotic supplement in pig diets on carcass traits, meat quality and fatty acid composition

in finishing pigs. Animals, 11: 2438, d0i:10.3390/ani11082438.

HANSEN L.L., MEJER H., THAMSBORG S.M., BYRNE D.V., ROEPSTORFF A., KARLSSON A.H., HANSEN-
-MOLLER J., JENSEN M.T., TUOMOLA M. 2006. Influence of chicory roots (Cichorium intybus L.)
on boar taint in entire male and female pigs. Anim. Sci., 82: 659-368, doi:10.1079/ASC200648.



160 Anna Milczarek et al.

HANSEN L.L., STOLZENBACH S., JENSEN J.A., HENCKEL P., HANSEN-MOLLER J., SYRIOPOULOS K.,
BYRNE D.V. 2008. Effect of feeding fermentable fibre-rich feedstuffs on meat quality with emphasis
on chemical and sensory boar taint in entire male and female pigs. Meat Sci., 80: 1165-1173,
doi:10.1016/j.meatsci.2008.05.010.

HERFORTH A., ARIMOND M., ALVAREZ-SANCHEZ C., COATES J., CHRISTIANSON K., MUEHLHOFF E.
2019. A global review of food-based dietary guidelines. Adv. Nutr., 10: 590-605, doi:10.1093/
advances/nmy130.

HONIKEL K.O. 1998. Reference methods for the assessment of physical characteristics of meat.
Meat Sci., 49: 447-457.

JAWORSKA D., PRZYBYLSKI W., KAJAK-SIEMASZKO K., CZARNIECKA-SKUBINA E. 2009. Sensory
quality of culinary pork meat in relation to slaughter and technological value. Food Sci. Technol.
Res., 15(1): 65-74, do0i:10.3136/fstr.15.65.

JENSEN ML.T., HANSEN L.L. 2006. Feeding with chicory roots reduces the amount of odorous compounds
in colon and rectal contents of pigs. Anim. Sci., 82: 369—376, doi:10.1079/ASC200649.

JIANG J. 2011. Effect of ASTA on weight gain and meat quality on finishing pigs. Hunan Feed.
5:40-43.

JUKNA C., JUKNA V., SIMKUS A. 2005. The effect of probiotics and phytobiotics on meat properties
and quality in pigs. Vet. Zootech., 29: 80—84.

KIERNAN D.P., O’'DOHERTY J.V., SWEENEY T. 2023. The effect of prebiotic supplements on the
gastrointestinal microbiota and associated health parameters in pigs. Animals, 13: 3012,
doi:10.3390/ani113193012.

KuNAcHOWICZ H., NADOLNA I., PRZYGODA B., INANOW K. 2020. Food composition tables. PZWL
Warszawa: Warszawa, Poland.

LEE S.J., SHIN N.H., Ok J.U., JUNG H.S., CHU G.M., KiM J.D., KiMm I.H., LEE S.S. 2009. Effects
of dietary synbiotics from anaerobic microflora on growth performance, noxious gas emission and
fecal pathogenic bacteria population in weaning pigs, Asian-Aust. J. Anim. Sci., 22(8): 1202—-1208.

L1u TY., SU B.C., WANG J.L., ZHANG C., SHAN A.S. 2013. Effects of probiotics on growth, pork
quality and serum metabolites in growing-finishing pigs. J. Northeast Agric. Univ., 53: 57-63,
doi:10.1016/51006-8104(14)60048-9.

MARKOWIAK P., SLIZEWSKA K. 2017. Effects of probiotics, prebiotics, and synbiotics on human
health. Nutrients, 15(9): 1021, do0i:10.3390/nu9091021.

MILCZAREK A. 2021. Carcass composition and quality of meat of Pulawska and Pulawska x PLW
Crossbred Pigs fed rations with naked oats. Animals, 11: 3342, doi:10.3390/ani11123342.

MILCZAREK A., OSEK M. 2019. Effectiveness evaluation of use of various protein feeds for broiler
chicken feeding. Ann. Anim. Sci., 19: 1063—1081, doi:10.2478/a0as-2019-0056.

MILCZAREK A., OSEK M. 2016. Meat quality of Pulawska breed pigs fed mixtures with low-tannin faba
bean meal. Zywnoéé Nauka. Technologia. Jakoéé, 1(104): 57—67, doi:10.15193/zntj/2016/104/101.

MILCZAREK A., OSEK M., BANASZKIEWICZ T. 2019. Chemical composition of meat from the
Pulawska breed pigs, depending on their slaughter weight. J. Elem., 24(2): 639—-648, doi:10.5601/
jelem.2018.23.4.1725.

NGAPo T.M. 2017. Consumer preferences for pork chops in five Canadian provinces. Meat Sci., 129:
102-110, doi:10.1016/j.meatsci.2017.02.022.

NGAPO T.M., FORTIN J., AALHUS J.L., MARTIN J.F. 2010. Consumer choices of pork chops: Results
from two Canadian sites. Food Res. Int., 43(6): 15659-1565, doi:10.1016/j.foodres.2010.01.018.

NGAPO T.M., MARTIN J.F., DRANSFIELD E. 2007. International preferences for pork appearance:
1. Consumer choices. Food Qual. Prefer., 18: 26—36, doi:10.1016/j.foodqual.2005.07.001.

NowAK A., KLIMOWICZ A., BIELECKA-GRZELA S., PIECHOTA M. 2012. Inulin: a valuable nutritional
component. Ann. Acad. Med. Stetin., 58: 62—65.

NRC. Nutrient Requirements of Swine. 11th ed. National Research Council of the National Academies,
The National Academies Press; Washington, DC, USA: 2021.

OECD/FAO, OECD-FAO Agricultural Outlook (Edition 2023), OECD Agriculture Statistics
(database), 2024, doi:10.1787/agr-data-en.



Quality of the Longissimus Lumborum Muscle... 161

PATTERSON J.K., YASUDA K., WELCH R.M., MILLER D.D., LETI X.G. 2010. Supplemental dietary
inulin of variable chain lengths alters intestinal bacterial populations in young pigs. J. Nutr.,
140: 2158-2161, d0i:10.3945/jn.110.130302.

PEREIRA PINTO R., REIS N., BARBOSA C., PINHEIRO R., VAZ-VELHO M. 2019. Physicochemical
analysis of ham from entire male pigs raised with different feeding and housing conditions.
J. Food Process. Preserv., 00:€14233, doi:10.1111/jfpp.14233.

PN-ISO Norm 11036:1999 Sensory analysis — Methodology — Texture profiling [in Polish].

POHJA N.S., NINIVAARA F.P. 1957. Die Bestimmung der Wasserbindung des Fleischesmittels der
Konsandriick methods. Fleischwirtschaft, 9: 193-195.

POLISH STANDARD PN-EN ISO 12228:2002. Vegetable and animal oils and fats. Determination
of particular sterols and their total content. Gas chromatography method. [in Polish].

PRANGE H., JUGERT L., SCHAMER E. 1997. Untersuchungen zur Muskelfleisch qualitct beim Schwein.
Arch. Exp. Vet. Med. Leipzig, 31: 235—-248.

PRZYBYLSKI W., JAWORSKA D., SALEK P., SOBOL M., BRANICKI M., SKIBA G., RAJ S., JANKIEWICZ U.
2019. The effect of inulin supply to high-fat diet rich in saturated fatty acids on pork quality and
profile of sarcoplasmic protein in meat exudate. J. Anim. Physiol. Anim. Nutr., 103: 593-602,
doi:10.1111/jpn.13039.

RESZKA P., CYGAN-SZCZEGIELNIAK D., JANKOWIAK H., CEBULSKA A., MIKOLAJCZAK B., BOGUCKA J.
2020. Effects of effective microorganisms on meat quality, microstructure of the longissimus
lumborum muscle, and electrophoretic protein separation in pigs fed on different diets. Animals,
10(10): 1-16, doi:10.3390/ani10101755.

RINGSEIS R., EDER K. 2022. Heat stress in pigs and broilers: role of gut dysbiosis in the impairment
of the gut-liver axis and restoration of these effects by probiotics, prebiotics and synbiotics.
J. Anim. Sci. Biotechnol., 13: 126, doi:10.1186/s40104-022-00783-3.

ROBERFROID M.B. 2007. Inulin-type fructans: functional food ingredients. J. Nutr., 137: 2493-2502,
do0i:10.1093/jn/137.11.2493S.

ROSENVOLD K., ANDERSEN H.J. 2003. The significance of pre-slaughter stress and diet on colour
and colour stability of pork. Meat Sci., 63: 199-209, doi:10.1016/S0309-1740(02)00071-2.

RYBARCZYK A. 2019. Effect of BioPlus YC probiotic on production performance and meat quality
of pigs. Fleischwirtschaft, 1: 90—-94.

RYBARCZYK A., BOGUSEAWSKA-WAS E., LUPKOWSKA A. 2020. Effect of EM® probiotic on gut
microbiota, growth performance, carcass and meat quality of pigs. Livest. Sci., 241: 104206,
do1:10.1016/5.1ivsci.2020.104206.

RYBARCZYK A., BOGUSEAWSKA-WAS E., PILARCZYK B. 2021. Carcass and pork quality and gut
environment of pigs fed a diet supplemented with the bokashi probiotic. Animals, 11: 3590, doi:
10.3390/ani11123590.

RYBARCZYK A., ROMANOWSKI M., KARAMUCKI T., LIGOCKI M. 2016. The effect of Bokashi probiotic
on pig carcass characteristics and meat quality. Fleischwirtschaft International, 1: 74-77.

SCHEFFLER T.L., GERRARD D.E. 2007. Mechanisms controlling pork quality development: The
biochemistry controlling post mortem energy metabolism. Meat Sci., 77: 7-16, doi:10.1016/j.
meatsci.2007.04.024.

ScoTT K., STANTON C., SWANSON K.S., CANI P.D., VERBEKE K., REID G. 2017. Expert consensus
document: The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus
statement on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol., 14: 491-502,
doi:10.1038/nrgastro.2017.75.

SHI W., HUANG X., SCHOOLING C.M., ZHAO J.V. 2023. Red meat consumption, cardiovascular
diseases, and diabetes: A systematic review and meta-analysis. Eur. Heart J., 44: 2626-2635,
doi:10.1093/eurheartj/ehad336.

SHIM S.B., VERSTEGEN M.W.A., KiMm I.H., KWON O.S., VERDONK J.M.A.J. 2005. Effects of feeding
antibiotic-free creep feed supplemented with oligofructose, probiotics or synbiotics to suckling
piglets increases the preweaning weight gain and composition of intestinal microbiota. Arch.
Anim. Nutr., 59(6): 419427, doi:10.1080/17450390500353234.



162 Anna Milczarek et al.

SOBOLEWSKA S., GRELA E. 2014. The effect of inulin extraction method or powder from inulin-
producing plants in fattener diets on performance, carcass traits and meat quality. Ann. Anim.
Sci., 14(4): 911-920.

STATSOFT INC. STATISTICA (DATA ANALYSIS SOFTWARE SYSTEM), version 13.1; StatSoft Inc.: Tulsa,
OK, USA, 2019.

Suo C., YINY., WANG X., Lou X., SONG D., WANG X., GU Q. 2012. Effects of Lactobacillus plantarum
ZJ316 on pig growth and pork quality. BMC Vet. Res., 8: 89-101, doi:10.1186/1746-6148-8-89.

TUFARELLI V., CROVACE A.M., R0SSI G., LAUDADIO V. 2017. Effect of a dietary probiotic blend on
performance, blood characteristics, meat quality and faecal microbial shedding in growing-
finishing pigs. S. Afr. Anim. Sci., 47: 875—882, doi:10.4314/sajas.v47i6.15.

VAN BEKKUM H., ROPER H., VORAGEN A. 2008. Carbohydrates as organic raw materials I11. John
Wiley & Sons, New York, USA.

VERBEKE W., DE SMET S., VACKIER I., VAN OECKEL M. J., WARNANTS N., VAN KENHOVE P. 2005.
Role of intrinsic search cues in the formation of consumer preferences and choice for pork chops.
Meat Sci., 69: 343—-354, do0i:10.1016/j.meatsci.2004.08.005.

VERBEKE W., PEREZ-CUETO F.J.A., DE BARCELLOS M.D., KRYSTALLIS A., GRUNERT K.G. 2010.
European citizen and consumer attitudes and preferences regarding beef and pork. Meat Sci.,
84:284-292, doi:10.1016/j.meatsci.2009.05.001.

WANG W., CHEN D., YU B., HUANG Z., LU0 Y., ZHENG P., MAO X., YU J., LU0 J., HE J. 2019. effect
of dietary inulin supplementation on growth performance, carcass traits, and meat quality
in growing—finishing pigs. Animals, 9: 840, doi:10.3390/ani9100840.

WEN C., WANG Q., GU S., JIN J., YANG N. 2024. Emerging perspectives in the gut-muscle axis: The
gut microbiota and its metabolites as important modulators of meat quality. Microb. Biotechnol.,
17:14361, doi:1111/1751-7915.14361.

WHEELER T.L., KOOHMARAIE M., SHACKELFORD S.D. 1996. Effect of vitamin C concentration and
co-injection with calcium chloride on beef retail display color. J. Anim. Sci., 74: 1846-1853,
doi:10.2527/1996.7481846x.

WILLIAMS C. 1999. Effect of inulin on lipid parameters in humans. J. Nutr., 129: 1471-1473.

WooD J.D., WSEMAN J., COLE D.J.A. 1994. Control and manipulation of meat quality. In: Principles
of Pig Science. Nottingham University Press, pp. 433—456.

YANG J., WANG C., HUANG K., ZHANG M., WANG J., PAN X. 2020. Compound lactobacillus sp.
administration ameliorates stress and body growth through gut microbiota optimization on weaning
piglets. Appl. Microbiol. Biotechnol., 104: 6749—-6765, doi:10.1007/s00253-020-10727-4.

ZDUNCZYK W., TKACZ K., PIETRZAK-FIECKO R., BOTTARI B., MODZELEWSKA-KAPITUEA M. 2024.
Pork as a source of nutrients in a human diet - comparison of meat obtained from conventional
and organic systems offered in the Polish market. NFS Journal, 37: 100199, doi:10.1016/j.
nfs.2024.100199.

ZHOU P.,, WU Y., SHEN J., DUAN T., CHE L., ZHANG Y., ZHAO Y., YAN H. 2025. Gestational inulin
supplementation in low-/high-fat sow diets: Effects on growth performance, lipid metabolism,
and meat quality of offspring pigs. Foods, 14: 1314, doi:10.3390/foods14081314.



