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Abstract: This study aims to investigate the effect of synbiotic-glyconutrients (SB-GLN) additive on
growth performance, fatty acid profile, sensory characteristics, and texture profile analysis in finishing
pig. Landrace x Yorkshire ¢ x (Duroc o) (n = 60) pigs with average body weight of 54.88 + 1kg
were allocated into one of three dietary treatment groups in a complete randomized block design
with four replicates of five pigs (two barrows and three gilts) per pen. The test treatments (TRT)
were CON—corn-soybean meal basal diet; TRT 1—CON+ 0.25% SB-GLN; and TRT 2—CON + 0.5%
SB-GLN. SB-GLN contains 1 x 107 CFU/ g each of: L. plantarum, B. subtilis, and S. Cerevisiae, and
5% yeast cell wall 3-Glucans (from S. Cerevisiae), and 14% of glyconutrients (N-acetylglucosamine,
D-xylose, and Fucose). Pigs fed SB-GLN supplement showed linearly increased (p < 0.05) body
weight, daily gain, and daily feed at the end of week 5, 10, and the overall experimental period.
In addition, G:F showed a tendency to decrease (p < 0.1) at the end of week 10 and the overall
experimental period. In addition, pigs that received a graded level of SB-GLN showed a tendency
to increase (p < 0.1) their longiness muscle area and decreased (p < 0.05) cooking loss. The sensory
results of pork belly (tenderness and juiciness) and loin (flavor) meat, and the texture profile analysis
parameters of hardness 1, cohesiveness, and gumminess (belly), and hardness 2, chewiness, and
springiness (loin) meat were linearly higher (p < 0.05) in the SB-GLN group. The values of fatty
acid like butyric acid, caproic acid, undecylic acid, tridecylic acid, myristic acid, pentadecyclic acid,
palmitic acid, margaric acid, stearic acid, eicosapentaenoic acid, and lignoceric acid were higher in
pork belly fat of the SB-GLN-treated group compared to CON. Moreover, pigs that received SB-GLN
exhibited higher crude fat and lauric acid, myristic acid, pentacyclic acid, palmitic acid, margaric
acid, Octadecanoic acid, Oleic acid, linoleic acid, and eicosapentaenoic acid FA profiles in belly-lean
meat. Also, the FA profile of the SB-GLN-treated group loin-lean meat showed increased lauric
acid, myristic acid, palmitic acid, margaric acid, stearic acid, oleic acid, linoleic acid, alpha-linoleic
acid, and eicosapentaenoic acid. The SB-GLN-treated group pork belly fat, belly lean meat, and
loin-lean meat showed linearly increased docosahexaenoic acid, nervonic acid, omega 3, omega 6,
w-6: w-3, ¥ saturated FA, X un-SFA, ¥ mono-USFA, X poly-USFA, MUFA /SFA, and PUFA /SFA.
Therefore, we infer that the inclusion of 0.5% SB-GLN additive to finishing pig diet would be more
beneficial to enhance their performance, and to increase the essential FA profile of pork meat for

human consumption.

Keywords: growth performance; fatty acid profile; sensory characteristics; synbiotic-glyconutrient

1. Introduction

Pork meat has gained significant prominence and emerged as a highly consumed meat
in Asia and Europe [1] due to its high protein content and essential fatty acids, particularly
saturated fatty acids, which are intricately linked to human health considerations [2].
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Recently, there has been increasing interest in how to produce high-quality pork. Indeed,
the quality of pork can be evaluated by various characteristics such as sensory traits,
intramuscular fat (IMF) content, and fatty acid composition. IMF is primarily distributed
in the layers of skeletal muscle (epimysium, perimysium, and endomysium) and has a
positive correlation with meat quality such as flavor, tenderness, and juiciness [3]. Diets,
genetics, environment, management practices, and production systems [4] can influence
the meat quality and thus it is highly ideal to explore effective strategies to enhance the
pork quality. Dietary intervention is one of the most common methods to improve the
performance of animal and to increase the meat quality.

Prebiotics (yeast cell walls and mannan polysaccharides) are defined as “a nondi-
gestible food ingredients [5] that beneficially affects the host by selectively stimulating the
growth and/or activity of one or a limited number of bacteria in the colon” [6]. Probiotics,
a “live microbial feed additive”, are known to improve the performance of the host by
improving their gut microbial balance [7]. Some studies indicate that probiotics could
modify the muscle fatty acid (FA) profile in broilers [8,9]. The combination of pre-and pro-
biotic in the form of synergism is known as “synbiotics” [10]. Such a synergistic synbiotic
contains a substrate that is selectively utilized by co-administered microorganism(s) [11].
The primary reason for using synbiotics in food products is that probiotics do not survive
well in the digestive tract without prebiotic foods. Without the necessary food source for
probiotic bacteria, their tolerance to temperature, oxygen, and pH level may decrease [12].
Previously, Hassanpour et al. [13] demonstrated that broilers fed a diet supplemented
with synbiotics had better feed efficiency. Similarly, Ghasemi et al. [14] pointed that the
inclusion of 1 g/kg synbiotics to the broiler diet significantly decreased plasma cholesterol
and LDL concentrations. Glyconutrients (plant sugars) are rich in anti-inflammatory and
antimicrobials properties. They can increase the energy efficiency and health of the host and
promote their cellular integrity [15]. Earlier studies have demonstrated the beneficial effects
of pre and probiotics in the monogastric animal diet. For instance, De Vries et al. [16] noted
that inclusion of yeast cell wall 8-Glucans significantly increased the gut health of pigs.
Similarly, Awad et al. [17] reported that dietary inclusion of synbiotics at a concentration of
1 g/kg improved the body weight gain and feed efficacy in broilers. On the other hand, Lee
et al. [18] noted that dietary inclusion of synbiotics containing a probiotic originating from
anaerobic microbiota (bacteria—10° CFU/mL, yeast—105 CFU/mL, molds—103 CFU/mL)
and a prebiotic (MOS, sodium acetate, ammonia citrate) has improved digestion of nutrients
in weaning pigs. Additionally, Aksu et al. [19] stated that broilers fed a diet supplemented
with probiotics showed increased lipid oxidation stability, water-holding capacity, tender-
ness, and sensory properties, while Zhang et al. [20] found no impact on chicken meat with
pre-and probiotic supplements. So far, several studies addressed the combination effect
of synbiotics and glyconutrients (SB-GLN) in ruminants’ performance and meat quality.
For example, Valencia et al. [21] reported that a combination of probiotic-glyconutrient has
increased live weight gain, decreased the mortality rate, and lowered the non-esterified
fatty acids in Holstein calves. Similarly, Castro-Perez et al. [22] noted that dietary SB-GLN
improved the growth performance and carcass weight in lambs. The above-mentioned
literature has provoked us to hypothesize and initiate this research to know whether the
inclusion of the SB-GLN combination could enhance the growth performance, fatty acid
profile, and meat quality of pigs or not. Therefore, the goal of this research was to examine
the growth performance, fatty acid profile, and the quality of pork meat by adding an
SB-GLN additive to finishing pigs” diet.

2. Materials and Methods
2.1. Ethics
The present study was carried out at Dankook University “Swine research center”

(Gongju, Republic of Korea)”. The husbandry practices adhered to animal welfare guide-
lines, and the research protocol (No: DK-2-2221) received approval from the Institutional
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Animal Care and Use Committee (IACUC) of Dankook University (Cheonan, Republic of
Korea) before the commencement of the trial.

2.2. Experimental Design, Animals, and Management

A total of 60 crossbred [(Landrace x Yorkshire ¢ x (Duroc ¢'] finishing pigs were
used in this 10-week trial. The initial average body weight (IBW) of all pigs was adjusted
to approximately 54.88 &+ 1 kg. There were three treatment groups. Each treatment had
4 replicates and 5 pigs (2 barrows and 3 gilts) per pen. The finishing facility was equipped
with natural ventilation, slatted concrete floors, and the barn temperature was fixed at
21.5 °C. Feeders and water dispensers were set in the corners of each pen measuring
1.8 m x 1.8 m. This arrangement provided pigs unrestricted access to both feed and water
throughout the trial. The breeding room was monitored by the trainees three times a day
(9:00 A.M., 2:00P.M., and 7:00 PM.) to check any leakage in the water trough, sufficient feed
in the feeder, and occurrence of health issues.

2.3. Experimental Diets and Dietary Regimen

Based on IBW (54.88 £ 1 kg) and gender (barrow and gilt), pigs were randomly
allocated into one of three dietary treatment groups: CON—Corn-soybean meal basal
diet; TRT 1—CON+ 0.25% SB-GLN; and TRT 2—CON + 0.5% SB-GLN in a complete
randomized block design. The basal diet (mash form) was formulated to according to NRC
regulation [23] (Table 1), while SB-GLN was commercially procured from Nongh-yup Feed
Inc., Seoul (South Korea); it contains 1 x 107 CFU/ g each of: L. plantarum, B. subtilis, and S.
Cerevisiae, and 5% yeast cell wall 8-Glucans (from S. Cerevisiae), and 14% of glyconutrients
(N-acetylglucosamine, D-xylose, and Fucose). The test ingredients were mixed using a
DDK-801(Daedong Tech, Siheung, Republic of Korea) mixer and stored in pre-marked bags.

Table 1. Basal diet composition (as-fed basis) of finishing pigs according to NRC regulation.

{;22:‘1110_5) Phase 2 (Week 6-10)
Raw Material % %
Corn 63.7 68.9
Soybean meal 19.8 11.9
Rapeseed meal 3.00 4.00
Dried distillers” grains soluble 5.00 7.00
Tallow 3.45 3.11
Molasses 2.00 2.00
Limestone 1.24 1.27
Mono-di-calcium phosphate 0.53 0.37
Salt 0.30 0.30
DL-Methonine 0.04 -
L-Lysine H,SOy4 041 0.45
L-Threonine 0.06 0.07
L-Tryptophan (10%) 0.17 0.33
Vit/Min premix ! 0.20 0.20
Phytase 0.05 0.05
Carbohydrase 0.05 0.05
Total 100 100
Calculated values
Moisture 12.9 13.0
Crude protein 16.7 14.4
Ether extract; 5.71 5.64
Fiber 2.95 2.89

Ash 5.07 4.72
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Table 1. Cont.

3222‘13(1)_5) Phase 2 (Week 6-10)
Non-starch polysaccharides 120 116
Neutral detergent fiber 10.2 10.8
Acid-detergent fiber 2.98 3.09
Calcium 0.69 0.66
Phosphorus 0.42 0.38
Sodium 0.15 0.16
Chlorine 0.28 0.28
Potassium 0.83 0.71
Lysine 1.02 0.86
Methionine 0.32 0.26
Threonine 0.67 0.59
Tryptophan 0.19 0.18
Methonine + cystine 0.62 0.53

I Provided per kg diet: Fe, 100 mg as ferrous sulfate; Cu, 17 mg as copper sulfate; Mn, 17 mg as manganese
oxide; Zn, 100 mg as zinc oxide; I, 0.5 mg as potassium iodide; and Se, 0.3 mg as sodium selenite. Provided per
kilograms of diet: vitamin A, 10,800 IU; vitamin D3, 4000 IU; vitamin E, 40 IU; vitamin K3, 4 mg; vitamin B1,
6 mg; vitamin B2, 12 mg; vitamin B6, 6 mg; vitamin B12, 0.05 mg; biotin, 0.2 mg; folic acid, 2 mg; niacin, 50 mg;
D-calcium pantothenate, 25 mg.

2.4. Sampling and Analysis
2.4.1. Growth Performance

The growth performance traits such as average daily gain (ADG), daily feed intake
(ADFI), and gain to feed ratio (G:F) were recorded at the end of weeks 5, 10, and the overall
experimental period. Pigs” body weight (BW) was measured individually at the start of
the experiment and at the end of weeks 5 and 10 using a G-Tech GL-6000L portable bench
scale (Republic of Korea) to determine their ADG. The feeder was filled at 9:00 A.M. and
the scrapings in the feeders were collected and weighed at 5:00 P.M. to calculate the ADFL
G:F was determined by dividing ADFI and ADG.

2.4.2. Meat Quality

At the end of week 10, 24 pigs (2 pigs/pen) were transported to a local slaughterhouse
and rested for 6 h. During lairage time, animals were fasted with ad libitum access to water.
CO, stunning was performed prior to slaughter. After slaughter, chilled (20 °C £ 1 °C)
carcasses were transported to a cutting room. The longissimus thoracis et lumborum (LTL)
muscles were collected from the left carcasses side, and all visual fats and connective tissues
were trimmed off and made into sub-samples for further analyses. The LTL muscle area,
meat color, pH, water-holding capacity (WHC), drip loss, and cooking loss were measured
24 h post-mortem (Figure 1). Remaining samples were stored at —20 °C for fatty acid
profile, texture profile, and sensory evaluation. The LTL muscle area was measured by the
digitization area-line sensor. The meat color, marbling, and firmness scores were evaluated
according to National Pork Producers Council [24]. Prior to checking the meat color, the
Konica Minolta CR-400 Chroma meter (Konica Minolta Sensing Americas Inc., Ramsey, NJ,
USA) was standardized with a white plate (Y = 86.3, X = 0.3165, and y = 0.3242). Sample
color was expressed according to the Commission International de 1’Eclairage (CIE) system
and described as L* (lightness), a* (redness), b* (yellowness), Chroma, and hue angle
(h°). The chroma angle was calculated as (a*? + b*?)??, while hue angle was calculated
as tan™! (b*/a*). The pH value of the sample (both side) was measured by the digital pH
probe (NWK-Technology GmbH, Kaufering, Germany). For water-holding capacity (WHC)
analysis, 0.3 g of the sample was placed in the middle of 120 mm filter paper and pressed
for 3 min. Areas of the compressed sample and the expressed humidity were defined and
determined by using a digitalized area-line sensor (MT-10S, M.T. Precision Co., Ltd., Tokyo,
Japan). The ratio of water: meat area was then calculated, giving a measure of WHC (a
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smaller ratio indicates increased WHC) [25]. Drip loss and cooking loss was determined
following the methods of Choe et al. [26].

Figure 1. Schematic representation of the muscle sample for meat quality analysis.

2.4.3. Texture Profile Analysis

Latissimus dorsi (belly) and LTL muscle (loins) samples (Figure 2) were defrosted
overnight at 4 °C, and cut into 50 mm thick chops (1 = 8/trt) without fat or connective
tissue parallel to the longitudinal orientation of the muscle fibers. Then the fiber axis of
the sample was perpendicular to the direction of the probe. Texture Profile analysis (TPA)
was performed with raw meat using a TAXT2i texture analyzer (Stable Micro System, Go-
dalming, UK). In brief: meat specimens were placed under a cylindrical probe and moved
downwards at a constant speed of 3.0 mm/s (pre-test), 1.0 mm/s (test) and 3.0 mm/s
(post-test). The probe constantly moved downwards until piercing a predetermined per-
centage of the sample thickness, retracted to the initial point of contact with the sample,
and stopped 2 s before initiation of the second compression cycle. During the test, the
force of the sample was recorded every 0.01 s and plotted on a force time plot [27]. Finally,
TPA parameters (hardness, cohesiveness, adhesiveness, gumminess, fracture, stringiness,

chewiness, and springiness index) were calculated following the standard procedure of
Honikel [26].

w

50 mm

Texture profile sample

Pork belly Pork Loin

Figure 2. Schematic representation of the sample preparation for sensory evaluation (SE) and texture
profile analysis. The SE and TPA samples for each measurement were cut parallel to the longitudinal
orientation. Cubes were 15 mm and were measured perpendicular to the muscle fiber orientation
according Ba et al. [28].
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2.4.4. Sensory Evaluation

The sensory evaluation (SE) of pork meat was conducted in individual stalls with
white lighting. Four panels were randomly allocated for SE test. These panels (n = 12,
¢ and &) were trained with finely tuned sensory perceptions. At first, the vacuum-packed
samples were thawed for 2 h at 4 °C. Then the representative samples were sliced to 15 mm.
For SE color test, freshly cut slices (30 min) from each sample were passed through to
all panelists. The remaining samples were cooked by grilling (TECHEF Stovetop Korean
BBQ Non-Stick Grill Pan) without salt or spices for 2 min and flipped 30 s intervals. The
temperature during cooking was consistently kept at approximately 220 °C as observed
and maintained with the use of an infrared thermometer. Immediately after cooking, the
samples were transferred to the serving boat with a three-digit random code and distributed
to the panelists. A 5 min interval was given to the panels between the evaluations of each
sample and they were instructed to cleanse their palate with distilled water and have
salt-free crackers. Finally, SE traits like tenderness, flavor, juicy, texture, and preference
(overall acceptability) were evaluated using a 7-point scale as described by Ba et al. [28].

2.4.5. Fatty Acid Analyses

The fat content in the samples was extracted using chloroform: methanol (2:1) solvent
mixture (SM). In brief: the samples were grinded at first, weighed (15 g), and mixed with
150 mL of SE at 300x g for 3 min using PT-MRC 2100 (Littau, Switzerland) homogenizer.
Later, samples were filtered using Whatman filter paper. Then, 20 g of Sodium Sulfate
solution was added to the filtered solution and mixed for 1 min and the upper fat layer
was transferred to a titration flask. Then the samples were allowed to dry at 55 °C using a
rotary evaporator and the fat layer was reconstituted with 1 mL tricosylic acid and 1 mL of
0.5 N sodium hydroxide and converted to fatty acid methyl esters (FAME). About 1:0 mL
of the FAME sample was taken and kept in an auto-sampler vial, sealed, and used for
FA analysis. The FAMEs separation was successfully accomplished by utilizing a gas
chromatography/flame ionization detector (GC-FID, Columbia, MD, USA). This GC FID
system was equipped with an Omega wax capillary column, which measured 30 m in
length, 0.25 mm in diameter, and had a film thickness of 0.25 pm. The oven temperature
was maintained at 50 °C for 1 min, and ramped at a rate of 25 °C/min to 200 °C, and
further raised at a rate of 5 °C/min to 230 °C. The injection and detector temperatures were
set to 250 ° C. Finally, FA in the samples was determined by comparing their retention
times to those acquired from standard FA. Each individual FA was then quantified and
expressed as a percentage relative to the total FA present in the samples. The Omega 3 to
omega 6 PUFA ratio (n-6/n-3) was estimated. The following FA ratios: palmitoleic isomers
to palmitic acid (C16:1/C16:0), oleic to stearic acids (C18:1/C18:0), dihomo-y-linolenic to
linoleic acid (C20:3 n-6/C18:2 n-6), docosapentaenoic to adrenic acid (C22:5 n-3/C22:6 n-3),
and arachidonic to linoleic acid (C20:4 17-6/C18:2 n-6) were estimated according to Boschetti
etal. [29].

2.4.6. Statistical Analysis

Experimental data were investigated using General Linear Model (GLM) procedure of
SAS (SAS, Inst. Inc., Cary, NC, USA) in a complete randomized block design. Performance
variables were analyzed with the pen as an experimental unit, while meat quality, FA,
TPA, and SE were analyzed using the individual pig as an experimental unit. Orthogonal
polynomial comparisons were conducted to determine linear and quadratic effects of 0%,
0.25%, and 0.5% SB-GYL supplement in pigs’ diet. Differences among treatment means
were determined using Tukey’s range test and the probability value of less than 0.05 and
0.10 was considered significant and trend, respectively.

3. Results

The effect of SB-GLN on growth performance of finishing pigs is shown in Table 2.
Pigs fed a diet supplemented with SB-GLN showed a linear increase in (p < 0.05) BW at
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the end of weeks 5 and 10. Compared to the CON group, the SB-GLN-treated group pigs
showed higher (p < 0.05) ADG and ADFI at the end of weeks 5 and 10. Moreover, dietary
supplement with SB-GLN showed linearly increased (p < 0.05) ADG and ADF], and tended
to decrease (p < 0.1) the G:F ratio during the overall experimental period.

Table 2. Synbiotic-glyconutrient efficacy on finishing pig’s growth performance.

Traits CON'! TRT 1 TRT 2 SEM?2  p Value

Linear  Quadratic
Body weight, kg
Initial 54.88 54.88 54.89 0.01 0.506 0.937
Week 5 81.14° 82213 82833 047 0.045 0.705
Week 10 11261° 115992  117.022  1.08 0.031 0.435
Week 5
Average daily Gain, g 750 P 78120 798 2 13.37 0.045 0.703
Average daily intake, g 2105 2161 2 21992 28.42 0.056 0.799
Gain to feed ratio 2.806 2.768 2.756 0.02 0.102 0.616
Week 10
Average daily Gain, g 903 P 965 2P 9772 17.82 0.026 0.293
Average daily intake, g = 2838 2940 2943 36.15 0.086 0.306
Gain to feed ratio 3.145 3.048 3.014 0.04 0.081 0.567
Overall
Average daily Gain, g 827b 873 ab 8882 15.35 0.031 0.432
Average daily intake, g = 2471P 2551 @b 2571 2 28.94 0.051 0.438
Gain to feed ratio 2.991 2923 2.898 0.03 0.066 0.532

! Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN);
and TRT 2—CON +0.5% SB-GLN. SEM 2-standard error of means. P means in the same row with different
superscripts indicates significant (p value < 0.05).

The effect of SB-GLN on finishing pig meat quality is shown in Table 3. Pigs that
received a graded level of SB-GLN showed a tendency to increase (p < 0.1) LTL muscle
area, and linearly decreased (p < 0.05) cooking loss compared to CON. Whereas at the end
of week 10, the visual appearance of pork color (L*, a*, b*), sensory traits (color, marbling,
firmness), pH value, WHC, and drip loss remained more or less similar in all groups.

Table 3. Synbiotic-glyconutrient efficacy on finishing pig’s meat quality.

Traits CON'! TRT 1 TRT 2 SEM 2 p Value
Linear  Quadratic

Week 10

Sensory Evaluation

Color 3.13 3.31 3.28 0.13 0.426 0.510

Firmness 3.31 3.34 3.22 0.11 0.568 0.586

Marbling 3.22 3.06 3.31 0.10 0.549 0.158

Meat Color

Lightness (L*) 51.97 51.95 51.82 0.39 0.791 0.906

Yellowness (a*) 14.53 14.66 14.73 0.10 0.192 0.762

Redness (b*) 5.89 6.05 5.90 0.13 0.979 0.361

LMA, mm? 7412.21% 7522983 7557572  44.8 0.062 0.513

pH 5.56 5.63 5.68 0.06 0.206 0.854

WHC% 42.44 47.60 48.62 2.49 0.129 0.522
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Table 3. Cont.

Traits CON'! TRT 1 TRT 2 SEM 2 p Value

Linear  Quadratic

Drip loss, %

d1 7.98 7.93 7.90 0.45 0.904 0.989
d3 13.28 13.08 12.99 0.29 0.504 0.882
ds 19.69 19.35 19.16 0.50 0.487 0.898
d7 24.83 24.19 23.68 0.42 0.101 0.906
Cooking loss, % 33.182 31.98 ab 30.96 P 0.63 0.049 0.913

1 Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN); and
TRT 2—CON + 0.5% SB-GLN. LMA—Ilongissimus Muscle Area. WHC-Water Holding Capacity. SEM 2-standard
error of means P means in the same row with different superscripts indicates significant (p value < 0.05).

Synbiotic-glyconutrient efficacy on the sensory traits and texture profile analysis (TPA)
on finishing pig meat is shown in Table 4. The pork belly meat of the SB-GLN-treated
group showed a tendency to increase (p < 0.1) tenderness and linearly increase (p < 0.05)
in juiciness compared to the CON group. Moreover, the loin meat of the SB-GLN-treated
group showed a linear increase (p < 0.05) in flavor. However, there were no differences
observed on the texture and preference in pork belly and loin meat. The TPA parameter of
hardness 1, cohesiveness, and gumminess and hardness 2, chewiness, and stringiness were
higher (p < 0.05) in the SB-GLN group belly and loin meat, respectively. However, there
were no differences observed on adhesiveness, fracture, and springiness Index.

Table 4. Synbiotic-glyconutrient efficacy on sensory traits and texture profile on finishing pig meat.

Traits CON! TRT1 TRT 2 SEM 2 p Value
Week 10 Linear Quadratic

Sensory traits

Pork belly
Tenderness 3192  381b 3.942 0.26 0.068  0.460
Flavor 3.25 3.63 4.00 0.31 0.114 0.241
Juicy 3.38b 3.63 2P 3.812 0.29 0.053  0.497
Texture 3.13 3.50 3.63 0.28 0.238 0.727
Preference 3.25 3.56 3.75 0.32 0.284 0.874

Loin
Tenderness 2.38 3.00 3.19 0.33 0.111 0.605
Flavor 2.63P 3.632b 3.69 2 0.29 0.027 0213
Juicy 2.75 3.06 3.06 0.34 0.532 0.716
Texture 3.00 3.19 3.31 0.32 0.509 0.938
Preference 2.81 3.13 3.19 0.29 0.378 0.732

Texture profile

Pork belly
Hardness 1, N 136.67°  193.262 201.982  14.35 0.018 0.222
Hardness 2, N 116.75 123.40 163.19 21.58 0.178 0.554
Cohesiveness 0.59 P 0.702 0.732 0.23 0.005 0.219
Adhesiveness, mm 2.51 2.67 2.96 0.28 0.306 0.849
Gumminess, N 80.09 b 89.78 ab 101442 7.12 0.078 0.914
Fracture, N 62.54 64.34 81.80 10.37 0.237 0.560
Stringiness, mm 6.29 10.38 11.27 2.12 0.149 0.561
Chewiness, N 50.46 62.43 83.30 18.34 0.252 0.844

Springiness Index, mm 0.83 0.87 0.90 0.06 0.424 0.865




Foods 2024, 13, 105 9o0f17

Table 4. Cont.

Traits CON! TRT1 TRT 2 SEM 2 p Value
Week 10 Linear Quadratic

Loin
Hardness 1, N 125.75 168.64 170.19 26.77 0.285 0.552
Hardness 2, N 89.07P  103.682 140.752 1391  0.039  0.534
Cohesiveness 0.37 0.48 0.54 0.07 0.168 0.799
Adhesiveness, mm 1.08 1.87 1.95 0.38 0.157 0.484
Gumminess, N 62.52 75.56 83.28 12.54 0.286 0.868
Fracture, N 125.66 150.42 150.67 13.32 0.232 0.481
Stringiness, mm 6.81P 9314 9934 0.65 0.014 0.284
Chewiness, N 38.70 b 67.17 3b 79.63 2 12.17 0.055 0.611
Springiness Index, mm 0.71 0.79 0.80 0.04 0.178 0.471

1 Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN);
and TRT 2—CON + 0.5% SB-GLN. SEM2-standard error of means. »° means in the same row with different
superscripts indicates significant (p value < 0.05).

Tables 5-7 illustrate the supplemental effect of synbiotic-glyconutrient on the fatty acid
profile in pork belly fat, belly-lean meat, and loin-lean meat, respectively. The values of FA
like butyric acid (C4:0), caproic acid (C6:0), undecylic acid (C11:0), tridecylic acid (C13:0),
myristic acid (C14:0), pentadecyclic acid (C15:1), palmitic acid (C16:0, C16:1), margaric
acid (C17:0, C17:1), stearic acid (C18:1,t; C18:1,c), eicosapentaenoic acid (C20:3n3; C20:4n6;
C20:5n3), and lignoceric acid (C24:0) were significantly higher in the SB-GLN-treated group
pork belly fat compared to CON (Table 5). Moreover, pigs that received SB-GLN exhibited
a higher crude fat and lauric acid, myristic acid, pentacyclic acid, palmitic acid, margaric
acid, Octadecanoic acid, Oleic acid, linoleic acid (C18:2n6¢c, LA), and Eicosapentaenoic
acid (C20:5n3, EPA) profile in belly-lean meat (Table 6). Also, the FA profile of the SB-
GLN-treated group loin-lean meat showed increased lauric acid (C12:0), myristic acid,
palmitic acid, margaric acid, stearic acid, Oleic acid, linoleic acid, alpha-linoleic acid, and
Eicosapentaenoic acid (Table 7). Furthermore, fatty acid content in pork belly fat, belly lean
meat, and loin-lean meat of the SB-GLN-treated group showed increased docosahexaenoic
acid (C22:6n3, DHA), nervonic acid (C24:1n9), omega 3, ¥ saturated FA, ¥ un-SFA, ¥
mono-USFA, X poly-USFA, MUFA /SFA, and PUFA /SFA, and reduced omega 6, w-6: w-3
compared to CON (Tables 5-7).

Table 5. Synbiotic-glyconutrient efficacy on fatty acid profile in pork belly fat.

Fatty Acids CON'! TRT 1 TRT 2 SEM 2 p Value
Linear Quadratic

C4:0 0.00 0.00 0.00

C6:0 0.06P 0112 0.122 0.016 0.043 0.266
C8:0 0.00P 0.02 ab 0.032 0.009 0.077 0.844
C10:0 0.01 0.03 0.04 0.02 0.202 0.855
C11:0 0.00 0.00 0.00 -

C12:0 0.07P 0.13ab 0.162 0.022 0.031 0.611
C13:0 0.00 0.00 0.00

C14:0 0.99 P 1.47 b 1.60 a 0.17 0.052 0.445
Cl14:1 0.08P 0232 0212 0.0455 0.081 0.178
C15:0 0.06P 0.22ab 0.202 0.048 0.086 0.150
C15:1 0.00 0.01 0.02 0.01 0.110 0.882
C16:0 28.474 16723 12974 1.29 0.0001 0.045

C16:1 249P 2.75ab 2.802 0.09 0.067 0.448
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Table 5. Cont.

Fatty Acids CON'! TRT 1 TRT 2 SEM 2 p Value
Linear Quadratic
C17:0 0.38P 0.50 ab 0.552 0.05 0.086 0.665
C17:1 0.20 0.28 0.34 0.05 0.094 0.896
C18:0 8.53P 10.51 ab 12.212 1.23 0.079 0.926
C18:1t 3.54 3.55 3.64 0.33 0.833 0.926
C18:1,c 42.19b 45.63 b 46.65 2 0.624 0.002 0.163
C18:2n6t 0.00P 0.02 ab 0.042 0.009 0.029 0.753
C18:2n6¢, LA 10.14 13.12 13.68 1.45 0.136 0.522
C18:3n6 0.00 0.03 0.02 0.01 0.153 0.207
C18:3n3, ALA 0.40° 0.52 b 0.562 0.052 0.073 0.603
C20:0 1.33 1.96 1.65 0.33 0.514 0.286
C20:1 0.01 0.00 0.01 0.01 0.745 0.218
C20:2 0.31 0.29 0.27 0.07 0.717 0.958
C20:3n6 0.04 0.05 0.06 0.01 0.236 0.884
C21:0 0.09 0.06 0.06 0.03 0.630 0.822
C20:3n3 0.00 0.00 0.02 0.01 0.266 0.506
C20:4n6 0.03 0.03 0.03 0.01 1.000 0.718
C20:5n3, EPA 0.06P 0.132 0.152 0.011 0.001 0.131
C22:0 0.12° 0372 0.382 0.038 0.003 0.044
C22:1n9 0.00P 0.04 ab 0.062 0.008 0.166 0.665
C22:2 0.01 0.04 0.04 0.01 0.121 0.418
C23:0 0.03 0.04 0.05 0.01 0.166 0.665
C24:0 0.00 0.01 0.00
C22:6n3, DHA  0.10P 0422 0.552 0.061 0.002 0.256
C24:1n9 0.30b 0.75 ab 0.842 0.16 0.055 0.403
w-3 fatty acid 0.56 b 1.062 1.262 0.036 <.0001 0.013
w-6 fatty acid 10.21 13.24 13.83 1.45 0.129 0.519
w-6: w-3 18.14 12.71 11.07 1.98 0.045 0.465
Y. Saturated FA  40.12 32.14 30.00 1.91 0.009 0.259
Y. USFA 59.88 67.86 70.00 1.91 0.009 0.259
Y. mono-USFA 48.80 " 53.24 b 54.58 2 0.69 0.001 0.120
¥ Poly-USFA 11.09 P 14.63 2 15424 15 0.087 0.484
MUFA /SFA 1.24P 1.68 b 1.822 0.09 0.004 0.256
PUFA /SFA 0.29 0.47 0.52 0.07 0.051 0.426
Total FA 100.00 100.00 100.00 - - -

1 Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN);
and TRT 2—CON + 0.5% SB-GLN. SEM2-standard error of means. *? means in the same row with different
superscripts indicates significant (p value < 0.05). Fatty acids: C10:0 (Capric acid); C12:0 (Lauric acid); C14:0
(Myristic acid); C14:1 (Myristoleic acid); C15:0 (Pentadecylic acid); C16:0 (Palmitic acid); C16:1 n-9 (Cis-7 Hex-
adecenoic acid); C16:1 n-7 (Palmitoleic acid); C17:0 (Margaric acid); C17:1 (Heptadecenoic acid); C18:0 (Stearic
acid); C18:1 isomer (Octadecenoic acid isomer); C18:1 n-9 (Oleic acid); C18:1 cis-11 (Vaccenic acid); C18:2 n-6
(Linoleic acid); C18:3 n-6 (y-linolenic acid); C18:3 n-3 («-linolenic acid); C20:0 (Arachidic acid); C20:1 (Gadoleic
acid); C20:2 n-6 (Eicosadienoic acid); C20:3 n-6 (Dihomo-y-linolenic acid); C20:4 n-6 (Arachidonic acid); C20:3 n-3
(Eicosatrienoic acid); C22:2 n-6 (Docosadienoic acid); C20:5 n-3 (Eicosapentaenoic acid); C24:0 (Lignoceric acid);
C22:5 n-3 (Docosapentaenoic acid); C22:6 n-3 (Docosahexaenoic acid).
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Table 6. Synbiotic-glyconutrient efficacy on fatty acid profile in pork belly-lean meat.
Fatty Acids CON'! TRT 1 TRT 2 SEM 2 p Value
Linear Quadratic

Crude fat, % 42.220b 49.70 2 52.64 2 1.67 0.004 0.312
C4:0 0.00 0.00 0.00 - - -
C6:0 0.06P 0.152 0.152 0.015 0.005 0.083
C8:0 0.04 0.05 0.04 0.01 0.776 0.625
C10:0 0.04 0.05 0.05 0.01 0.490 0.686
C11:0 0.00 0.00 0.00 - - -
C12:0 0.07P 0.102 0.112 0.006 0.002 0.152
C13:0 0.00 0.02 0.02 0.01 0.188 0.544
C14:0 1.28b 1.632 1.672 0.08 0.017 0.166
C14:1 0.06P 0.202 0.16 2 0.01 0.003 0.003
C15:0 0.13P 0.34 b 0402 0.07 0.054 0.454
C15:1 0.00P 0.032 0.042 0.008 0.028 0.506
C16:0 25532 19.68 @b 16.58 b 0.71 0.0001 0.168
C16:1 2.67 2.49 2.68 0.13 0.947 0.293
C17:0 0.35 0.55 0.60 0.08 0.091 0.515
C17:1 0.17b 0.29 ab 0.332 0.04 0.049 0.498
C18:0 10.22b 11.75 12.392 0.3 0.002 0.273
C18:1,t 3.47 3.41 3.57 0.12 0.605 0.487
C18:1,c 4353P 44.64°0 46162 0.45 0.006 0.727
C18:2n6t 0.01 0.02 0.03 0.01 0.307 0.837
C18:2n6¢, LA 8.69 P 10.122 10.382 0.37 0.019 0.258
C18:3n6 0.03 0.04 0.04 0.02 0.583 0.749
C18:3n3, ALA 0.50 0.59 0.61 0.04 0.142 0.489
C20:0 2.13 2.18 2.13 0.13 1.000 0.782
C20:1 0.01 0.00 0.00 0.01 0.266 0.506
C20:2 0.28 0.24 0.24 0.01 0.137 0.314
C20:3n6 0.05 0.05 0.05 0.01 0.323 0.557
C21:0 0.17 0.12 0.15 0.03 0.626 0.318
C20:3n3 0.00 0.00 0.00 - - -
C20:4n6 0.04 0.03 0.04 0.01 0.652 0.219
C20:5n3, EPA 0.00P 0.122 0.142 0.01 0.0001 0.009
C22:0 0.03P 0.22ab 0.292 0.055 0.016 0.395
C22:1n9 0.00 0.06 0.05 0.01 0.151 0.762
C22:2 0.03 0.05 0.03 0.01 1.000 0.135
C23:0 0.07 0.06 0.05 0.01 0.151 0.762
C24:0 0.02 0.01 0.01 0.01 0.567 0.582
C22:6n3, DHA  0.10° 0392 0492 0.058 0.003 0.224
C24:1n9 0.25P 0.372 0.382 0.02 0.004 0.045
w-3 fatty acid 0.60P 1.102 1.232 0.029 <.0001 0.002
w-6 fatty acid 8.82b 10.252>  10.532 0.39 0.021 0.277
w-6: w-3 14.67 9.40 8.61 0.70 0.001 0.041
Y. Saturated FA  40.122 36.893  3463b 0.66 0.001 0.573

¥. Un-SFA 59.89 63.11 65.37 0.66 0.001 0.575

Y. mono-USFA 50.16 b 51.48 ab 53.352 0.51 0.004 0.683

¥ Poly-USFA 9.73 11.63 12.02 0.39 0.006 0.170
MUEFA /SFA 1.25P 1.402b 1542 0.03 0.002 0.960

PUFA /SFA 0.24b 0322 0352 0.02 0.003 0.348

Total FA 100.00 100.00 100.00 - - -

1 Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN);
and TRT 2—CON + 0.5% SB-GLN. SEM2-standard error of means. »° means in the same row with different
superscripts indicates significant (p value < 0.05). Fatty acids: C10:0 (Capric acid); C12:0 (Lauric acid); C14:0
(Myristic acid); C14:1 (Myristoleic acid); C15:0 (Pentadecylic acid); C16:0 (Palmitic acid); C16:1 n-9 (Cis-7 Hex-
adecenoic acid); C16:1 n-7 (Palmitoleic acid); C17:0 (Margaric acid); C17:1 (Heptadecenoic acid); C18:0 (Stearic
acid); C18:1 isomer (Octadecenoic acid isomer); C18:1 n-9 (Oleic acid); C18:1 cis-11 (Vaccenic acid); C18:2 n-6
(Linoleic acid); C18:3 n-6 (y-linolenic acid); C18:3 n-3 (x-linolenic acid); C20:0 (Arachidic acid); C20:1 (Gadoleic
acid); C20:2 n-6 (Eicosadienoic acid); C20:3 n-6 (Dihomo-y-linolenic acid); C20:4 n-6 (Arachidonic acid); C20:3 n-3
(Eicosatrienoic acid); C22:2 n-6 (Docosadienoic acid); C20:5 n-3 (Eicosapentaenoic acid); C24:0 (Lignoceric acid);
C22:5 n-3 (Docosapentaenoic acid); C22:6 n-3 (Docosahexaenoic acid).
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Table 7. Synbiotic-glyconutrient efficacy on fatty acid profile in pork loin-lean meat.
Fatty Acids CON'! TRT 1 TRT 2 SEM p Value
Linear Quadratic

Crude fat, % 5.73b 6242 6.66 2 0.18 0.010 0.867
C4:0 0.00 0.00 0.00 - - -
C6:0 0.00 0.00 0.00 - - -
C8:0 0.00 0.00 0.00 - - -
C10:0 0.0 0.00 0.02 0.011 0.266 0.506
C11:0 0.00 0.00 0.00
C12:0 0.13° 0.172 0.192 0.011 0.008 0.360
C13:0 0.00 0.00 0.00
C14:0 1.09b 1.142b 1.172 0.013 0.009 0.523
C14:1 0.00 0.00 0.00 - - -
C15:0 0.00 0.00 0.00 - - -
C15:1 0.00 0.00 0.00 - - -
C16:0 30.16 2 20.512 13.77b 2.1 0.002 0.593
C16:1 290" 3.252 3392 0.06 0.002 0.204
C17:0 029" 0.482 0.502 0.03 0.003 0.072
C17:1 0.10 0.24 0.27 0.058 0.090 0.524
C18:0 10.852 14.46 2 14.72 2 1 0.034 0.221
C18:1, t 0.00 0.00 0.01 0.002 0.266 0.506
C18:1, ¢ 4435" 48354 54224 2.19 0.018 0.740
C18:2n6 0.06 ° 0.082b 0.09 2 0.005 0.011 0.343
C18:2né6c, LA 7.37 7.90 8.07 0.65 0.479 0.825
C18:3n6 0.00 0.00 0.00 - - -
C18:3n3, ALA 053" 0.912b 0972 0.12 0.042 0.314
C20:0 0.24 0.28 0.29 0.048 0.561 0.826
C20:1 1.06 1.20 1.27 0.08 0.115 0.718
C20:2 0.30 0.31 0.32 0.054 0.804 0.914
C20:3n6 0.06 0.09 0.08 0.012 0.180 0.277
C21:0 0.00 0.00 0.00 - - -
C20:3n3 0.48 0.50 0.52 0.014 0.099 0.892
C20:4n6 0.00 0.00 0.00 - - -
C20:5n3, EPA 0.00° 0.04 2b 0.06 2 0.012 0.012 0.813
C22:0 0.00 0.00 0.00 - - -
C22:1n9 0.01 0.03 0.04 0.013 0.210 0.312
C22:2 0.00 0.00 0.00 - - -
C23:0 0.05 0.08 0.08 0.013 0.210 0.312
C24:0 0.00 0.00 0.00 - - -
(C22:6n3, DHA 0.00 0.00 0.00 - - -
C24:1n9 0.00 0.00 0.00 - - -
w-3 fatty acid 0.53b 0.952b 1.032 0.12 0.025 0.303
w-6 fatty acid 7.48 8.07 8.24 0.66 0.448 0.803
w-6: w-3 15.94 2 8.64 8.53 P 2.35 0.067 0.258
Y Saturated FA  42.81 37.11 30.71 2.16 0.007 0.900

>, Un-SFA 57.19b 62.90 2b 69.29 2 2.16 0.006 0.900

> mono-USFA 48.41° 53.07 ab 59.194 2.25 0.014 0.800

Y. Poly-USFA 8.78 9.83 10.10 0.65 0.206 0.652
MUFA /SFA 1.14° 1482 1.942 0.17 0.016 0.823

PUFA/SFA 0.21° 0.27ab 0332 0.026 0.017 0.881

Total FA 100.00 100.00 100.00 - - -

1 Abbreviation: CON—Corn-soybean meal basal diet; TRT 1—CON+ 0.25% Synbiotic-glyconutrient (SB-GLN);
and TRT 2—CON + 0.5% SB-GLN. SEM?-standard error of means. *? means in the same row with different
superscripts indicates significant (p value < 0.05). Fatty acids: C10:0 (Capric acid); C12:0 (Lauric acid); C14:0
(Myristic acid); C14:1 (Myristoleic acid); C15:0 (Pentadecylic acid); C16:0 (Palmitic acid); C16:1 n-9 (Cis-7 Hex-
adecenoic acid); C16:1 n-7 (Palmitoleic acid); C17:0 (Margaric acid); C17:1 (Heptadecenoic acid); C18:0 (Stearic
acid); C18:1 isomer (Octadecenoic acid isomer); C18:1 n-9 (Oleic acid); C18:1 cis-11 (Vaccenic acid); C18:2 n-6
(Linoleic acid); C18:3 n-6 (y-linolenic acid); C18:3 n-3 (x-linolenic acid); C20:0 (Arachidic acid); C20:1 (Gadoleic
acid); C20:2 n-6 (Eicosadienoic acid); C20:3 n-6 (Dihomo-y-linolenic acid); C20:4 n-6 (Arachidonic acid); C20:3 n-3
(Eicosatrienoic acid); C22:2 n-6 (Docosadienoic acid); C20:5 n-3 (Eicosapentaenoic acid); C24:0 (Lignoceric acid);
C22:5 n-3 (Docosapentaenoic acid); C22:6 n-3 (Docosahexaenoic acid).
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4. Discussion

Genetic factors and rearing conditions such as nutrition are the key factors to determine
the efficiency of pig farming and the production of high-quality pork [30]. In this regard,
feed additives play a vital role, as they could improve the health of animals by utilizing
nutrients and shaping their gut microbiome. The present study demonstrates that the
inclusion of SB-GLN to finishing pigs’ diet linearly improved the body weight and increased
the daily feed intake and daily weight gain. In line with this study, Chlebicz-Wojcik
et al. [31] reported that symbiotic additives contribute to better weight gain in weaning-
finishing pigs. On the other hand, Munezero et al. [32] stated that the inclusion of 0.5%
SB-GLN to the finishing pig diet revealed better growth performance. Awad et al. [17]
reported the dietary inclusion of synbiotics at the concentration of 1 g/kg showed improved
body weight gain (BWG) and feed conversion ratio (FCR) in broilers. We presume that the
reason for improved growth performance is mainly due to the effects of synbiotics, which
helps the pigs to maintain beneficial microbial communities in their gut and improve feed
digestion by altering bacterial metabolism. However, the previous literature reported the
controversial impact of synbiotics on growth performance in monogastric animals. For
example, Liong et al. [33] reported that the inclusion of a synbiotics (Lactobacillus acidophilus
ATCC 4962, mannitol, fructooligosaccharide, and inulin) supplement to a high-fat or low-fat
diet reveals no significant effects on the growth performance of growing pigs. Similarly,
Erdogan et al. [34] reported that broilers fed a diet supplemented with 1 g/kg synbiotics
had no effect on BWG and FCR. On the other hand, Hassanpour et al. [13] stated that
broilers that received a 1 and 2 g/kg synbiotic additive showed improved daily weight gain
without affecting feed efficacy. Furthermore, Cheng et al. [35] reported that the inclusion of a
1 g/kg symbiotic supplement (prebiotics-yeast cell wall and xylooligosaccharide; probiotics-
Clostridium butyricum, Bacillus licheniformis, and Bacillus subtilis) to late-finishing pig’s diet
had no improvement on their growth performance. These inconsistent findings could be
partly explained by strain and number of microorganisms in the synbiotic components,
survivability of the live organisms in the feed, prebiotic ingredients, inclusion level, or due
to the dietary nutrient levels.

The quality of meat is usually determined by appearance and wholesomeness, and
consequently influences the meat purchasing decision by consumers [36]. In the present
study, pigs fed a diet supplemented with SB-GLN showed no changes in meat color in
either SB-GLN or CON samples, which is in accordance with the results of Cheng et al. [35],
who found similar effects in pigs fed a probiotic diet. The pH value of the meat is an
important index to reflect the muscle contraction and glycolysis rate of pigs. Such pH
values of the SB-GLN group meat ranged from 5.63 to 5.68% without significant differences
observed between the CON groups. The current finding correlates with the results of
Pieszka et al. [37]. The WHC of the meat is defined by the ability of fresh meat to retain
its water during drip and cooking loss [38]. Additionally, drip loss and cooking loss
greatly influence the juiciness of meat [39]. In the present study, the SB-GLN meat sample
exhibited lower cooking loss than the CON group, which correlates with Liu et al. [40],
who observed the reduced cooking loss of pork with dietary probiotics (yeasts, lactic acid-
producing bacteria, and Bacillus subtilis). Similarly, Rybarczyk et al. [41] reported that
the addition of the EM® Bokashi probiotic to the pig’s diet resulted in a higher drip loss.
The observed inconsistence in this result is probably due to the lesser physical resistance
of immobilization of the water fraction which transverses the meat structural matrix and
overcomes the fiber orientation to show variation in the drip loss [42].

Sensory evaluation is the result of scoring performed by trained panelists in order
to provide the particular information on the acceptability or preference for one kind of
meat [43,44]. Such sensory impression plays an important role in predicting the quality
and purchasing decisions made by the consumers [45]. In 2004, Hansen et al. [46] reported
that the sensory quality of pork was influenced by the manipulation of feed ingredients,
including fructooligosaccharides, but in this study, finishing pigs that received a synbiotic
glyconutrient supplement revealed a higher sensory profile of tenderness and juiciness
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(pork belly meat) and strong flavor (loin meat). On the other hand, Grela et al. [47] found
less hardness of meat by dietary pre (inulin)-and probiotics (Lactococcus lactis, Carnobac-
terium divergens, Lactobacillus casei Lactobacillus plantarum and Sacharomyces cerevisiae). The
reason for the increased tenderness and juiciness of belly and loin meat are probably due to
the presence of fat which enhances WHC by lubricating the muscle fibers during cooking
and increasing the tenderness of meat to reveal the sensation of juiciness [48]. Furthermore,
the high flavor scores of the loin meat are likely due to rich flavor substances via lipid ox-
idative degradation. Previously, de Huidobro et al. [27] proved TPA as a viable method for
the evaluation of the texture of various food items, with one advantage to assess multiple
variables such as hardness, cohesiveness, springiness, and chewiness at one time. Such
TPA parameters of hardness 1, cohesiveness, and gumminess were higher (p < 0.05) in the
SB-GLN group belly, and hardness 2, chewiness, and springiness were higher (p < 0.05) in
the loin meat. The higher values of hardness, chewiness, and gumminess of pork meat are
likely due to the presence of myofibril proteins in meat, which cause a tougher network
formation internally by enhancing the resistance to compression [49].

Pork lean meat is rich in PUFA due to the constant proportion of cell membrane
phospholipids [50]. Previously, Chang et al. [51] reported that the pork meat of the
probiotic-supplemented group (Lactobacillus plantarum) showed higher PUFA contents,
with significantly higher levels of linolenic and linoleic acid, which corresponds with cur-
rent findings. Additionally, Narayan et al. [52] reported that long chain n-3 FA possess
health-promoting properties including EPA (C20:5n-3) and DHA (C22:6n-3), which were sig-
nificantly higher in the SB-GLN-treated group meat compared to CON. Moreover, palmitic
acid (C16:0) and stearic acid (C18:0) are considered to be predominant SFA in commercial
pork meat [53]; such an FA profile was linearly increased in the SB-GLN-treated group
pork belly fat, belly lean, and loin-lean meat. In 2012, Ross et al. [54] reported that meat
samples of pigs that were supplemented with probiotics showed higher PUFA contents
with significantly higher (p < 0.05) concentrations of linoleic acid (C18:2) and significantly
lower monounsaturated FA; this partially agrees with the current findings. According
to Pork Composition and Quality Assessment Procedures [55], the concentration of the
linoleic acid and linolenic acid ratio should be around 5:1 to promote health and to reduce
the risk of cardiovascular disease. Although the meat of the SB-GLN group showed higher
linolenic and linoleic acid compared to the CON group, the n-3 and #-6 in the present study
were also higher than recommended levels, indicating that this pork meat is well suited for
human consumption.

5. Conclusions

Our study demonstrates that the inclusion of SB-GLN improved the growth perfor-
mance of finishing pigs. Additionally, it enhanced the texture profile, sensory characteristics,
and fatty acid profile of pork belly fat, belly lean, and lean loin meat. Based on this finding,
it can be concluded that adding 0.5% of SB-GLN to the finishing pig diet would be more
beneficial for the enhancement of the animal’s growth performance together with the
increased nutritional quality of pork meat for human consumption.

Author Contributions: Conceptualization, V.S,; ].H.P. and L.H.K,; writing—original draft preparation,
V.S.; Methodology, V.S. and J.H.P,; writing—review and editing, V.S. and J.H.P,; Supervision, LH.K.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education (NRF-RS-2023-00275307).

Institutional Review Board Statement: The animal study protocol was approved by the In-stitutional
Animal Care and Use Committee (IACUC) of Dankook University, protocol No. DK-2-2221.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restriction.



Foods 2024, 13, 105 15 0f 17

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Font-i-Furnols, M. Meat Consumption, Sustainability and Alternatives: An Overview of Motives and Barriers. Foods 2023, 26,
2144. [CrossRef] [PubMed]

2. Ritchie, H.; Rosado, P.; Roser, M. Hunger and Undernourishment. Our World Data. 2023. Available online: https:
/ /ourworldindata.org/hunger-and-undernourishment (accessed on 22 December 2023).

3.  Listrat, A.; Lebret, B.; Louveau, I.; Astruc, T.; Bonnet, M.; Lefaucheur, L.; Picard, B.; Bugeon, J. How muscle structure and
composition influence meat and flesh quality. Sci. World J. 2016, 2016, 3182746. [CrossRef] [PubMed]

4. Olsson, V.; Pickova, J. The influence of production systems on meat quality, with emphasis on pork. Ambio 2005, 34, 338-343.
[CrossRef] [PubMed]

5. Hutkins, RW.; Krumbeck, J.A.; Bindels, L.B.; Cani, P.D.; Fahey, G., Jr.; Goh, Y.J.; Hamaker, B.; Martens, E.C.; Mills, D.A.; Rastal,
R.A.; et al. Prebiotics: Why definitions matter. Curr. Opin. Biotechnol. 2016, 37, 1-7. [CrossRef] [PubMed]

6.  Gibson, G.R.; Roberfroid, M.B. Dietary modulation of the human colonic microbiota: Introducing the concept of prebiotics. J.
Nutr. 1995, 125, 1401-1412. [CrossRef]

7. Sampath, V.; Song, ].H.; Jeong, J.; Mun, S.; Han, K.; Kim, I.H. Nourishing neonatal piglets with synthetic milk and Lactobacillus sp.
at birth highly modifies the gut microbial communities at the post-weaning stage. Front. Microbiol. 2022, 13, 1044256. [CrossRef]

8. Salma, U.; Miah, A.G.; Maki, T.; Nishimura, M.; Tsujii, H. Effect of dietary Rhodobacter capsulatus on cholesterol concentration
and fatty acid composition in broiler meat. Poult. Sci. 2007, 86, 1920-1926. [CrossRef]

9.  Kalavathy, R.; Abdullah, N.; Jalaludin, S.; Wong, M.C.; Ho, Y.W. Effect of lactobacillus feed supplementation on cholesterol, fat
content and fatty acid composition of the liver, muscle and carcass of broiler chicks. Anim. Res. 2006, 55, 77-82.

10. Markowiak, P; Slizewska, K. The role of probiotics, prebiotics and synbiotics in animal nutrition. Gut Pathog. 2018, 10, 21.
[CrossRef]

11. Swanson, K.S.; Gibson, G.R.; Hutkins, R.; Reimer, R.A.; Reid, G.; Verbeke, K.; Scott, K.P.; Holscher, H.D.; Azad, M.B.; Delzenne,
N.M.; et al. The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on the definition
and scope of synbiotics. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 687-701. [CrossRef]

12. Sekhon, B.S.; Jairath, S. Prebiotics, probiotics and synbiotics: An overview. J. Pharm. Educ. Res. 2010, 1, 13-36.

13.  Hassanpour, H.; Moghaddam, A.Z.; Khosravi, M.; Mayahi, M. Effects of synbiotic on the intestinal morphology and humoral
immune response in broiler chickens. Livest. Sci. 2013, 153, 116-122. [CrossRef]

14. Ghasemi, H.A.; Shivazad, M.; Mirzapour Rezaei, S.S.; Karimi Torshizi, M.A. Effect of synbiotic supplementation and dietary fat
sources on broiler performance, serum lipids, muscle fatty acid profile and meat quality. Br. Poult. Sci. 2016, 57, 71-83. [CrossRef]
[PubMed]

15. Sierpina, V.S.; Murray, R.K. Glyconutrients: The state of the science and the impact of glycomics. Explore 2006, 2, 488-494.
[CrossRef] [PubMed]

16. De Vries, H.; Geervliet, M.; Jansen, C.A.; Rutten, V.P; Van Hees, H.; Groothuis, N.; Wells, ].M.; Savelkoul, H.F,; Tijhaar, E.; Smidt,
H. Impact of yeast-derived 3-glucans on the porcine gut microbiota and immune system in early life. Microorganisms 2020, 8,
1573. [CrossRef] [PubMed]

17.  Awad, W.A ; Ghareeb, K.; Abdel-Raheem, S.; Bohm, J. Effects of dietary inclusion of probiotic and synbiotic on growth perfor-
mance, organ weights, and intestinal histomorphology of broiler chickens. Poult. Sci. 2009, 88, 49-55. [CrossRef] [PubMed]

18. Lee, SJ.; Shin, N.H.; Ok, ]J.U.; Jung, H.S.; Chu, G.M,; Kim, ].D.; Kim, LH.; Lee, S.S. Effects of dietary synbiotics from anaerobic
microflora on growth performance, noxious gas emission and fecal pathogenic bacteria population in weaning pigs. Asian-
Australas. |. Anim. Sci. 2009, 26, 1202-1208. [CrossRef]

19. Aksu, M.L; Karaoglu, M.; Esenbuga, N.; Kaya, M.; Macit, M.; Ockerman, H.W. Effect of a dietary probiotic on some quality
characteristics of raw broiler drumsticks and breast meat. . Muscle Foods 2005, 16, 306-317. [CrossRef]

20. Zhang, Z.F; Zhou, T.X.; Ao, X.; Kim, LH. Effects of 3-glucan and Bacillus subtilis on growth performance, blood profiles, relative
organ weight and meat quality in broilers fed maize soybean meal-based diets. Livest. Sci. 2012, 150, 419—424. [CrossRef]

21. Valencia, G.L.; Zapata-Ramirez, O.; Nunez-Gonzalez, L.; Nunez-Benitez, V.; 16pez, H.L.; Lopez-Soto, M.; Serrano, A.B.; Gonzalez-
Vizcarra, V.; Estrada-Angulo, A.; Plascencia, A. Effective use of probiotic-glyconutrient combination as an adjuvant to antibiotic
therapy for diarrhea in rearing dairy calves. Turk. J. Vet. Anim. 2017, 41, 578-581. [CrossRef]

22. Castro-Pérez, B.I.; Nufiez-Benitez, V.H.; Estrada-Angulo, A.; Urias-Estrada, ].D.; Gaxiola-Camacho, S.M.; Rodriguez-Gaxiola,
M.A.; Angulo-Montoya, C.; Barreras, A.; Zinn, R.A.; Perea-Dominguez, X.P,; et al. Evaluation of standardized mixture of
synbiotic-glyconutrients supplemented in lambs finished during summer season in tropical environment: Growth performance,
dietary energetics, and carcass characteristics. Can. J. Anim. Sci. 2021, 102, 155-164. [CrossRef]

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

24. Brown, C.R. When the Plain Text Isn’t So Plain: How National Pork Producers Council Restricts the Clean Water Act’s Purpose
and Impairs Its Enforcement against Factory Farms. Drake J. Agric. L. 2011, 16, 375.

25. Grau, R.; Hamm, R. Eine einfache Methode zur Bestimmung der Wasserbindung im Muskel. Naturwissenschaften 1953, 40, 29-30.

[CrossRef]


https://doi.org/10.3390/foods12112144
https://www.ncbi.nlm.nih.gov/pubmed/37297389
https://ourworldindata.org/hunger-and-undernourishment
https://ourworldindata.org/hunger-and-undernourishment
https://doi.org/10.1155/2016/3182746
https://www.ncbi.nlm.nih.gov/pubmed/27022618
https://doi.org/10.1579/0044-7447-34.4.338
https://www.ncbi.nlm.nih.gov/pubmed/16092266
https://doi.org/10.1016/j.copbio.2015.09.001
https://www.ncbi.nlm.nih.gov/pubmed/26431716
https://doi.org/10.1093/jn/125.6.1401
https://doi.org/10.3389/fmicb.2022.1044256
https://doi.org/10.1093/ps/86.9.1920
https://doi.org/10.1186/s13099-018-0250-0
https://doi.org/10.1038/s41575-020-0344-2
https://doi.org/10.1016/j.livsci.2013.02.004
https://doi.org/10.1080/00071668.2015.1098766
https://www.ncbi.nlm.nih.gov/pubmed/26654967
https://doi.org/10.1016/j.explore.2006.08.016
https://www.ncbi.nlm.nih.gov/pubmed/17113489
https://doi.org/10.3390/microorganisms8101573
https://www.ncbi.nlm.nih.gov/pubmed/33066115
https://doi.org/10.3382/ps.2008-00244
https://www.ncbi.nlm.nih.gov/pubmed/19096056
https://doi.org/10.5713/ajas.2009.90045
https://doi.org/10.1111/j.1745-4573.2005.00023.x
https://doi.org/10.1016/j.livsci.2012.10.003
https://doi.org/10.3906/vet-1701-54
https://doi.org/10.1139/cjas-2020-0202
https://doi.org/10.1007/BF00595734

Foods 2024, 13, 105 16 of 17

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

Choe, J.; Moyo, K.M.; Park, K.; Jeong, J.; Kim, H.; Ryu, Y.; Kim, J.; Kim, ].M.; Lee, S.; Go, G.W. Meat quality traits of pigs finished
on food waste. Korean J. Food Sci. Anim. Resour. 2017, 37, 690. [CrossRef] [PubMed]

de Huidobro, FE.R.; Miguel, E; Blazquez, B.; Onega, E. A comparison between two methods (Warner-Bratzler and texture profile
analysis) for testing either raw meat or cooked meat. Meat Sci. 2005, 69, 527-536. [CrossRef] [PubMed]

Ba, H.V,; Seo, HW.; Seong, PN.; Cho, S.-H.; Kang, 5.-M.; Kim, Y.-S.; Moon, S.-S.; Choi, Y.-M.; Kim, J.-H. Live weights at slaughter
significantly affect the meat quality and flavor components of pork meat. Anim. Sci. J. 2019, 90, 667—679. [CrossRef] [PubMed]
Boschetti, E.; Bordoni, A.; Meluzzi, A.; Castellini, C.; Dal Bosco, A.; Sirri, F. Fatty acid composition of chicken breast meat is
dependent on genotype-related variation of FADS1 and FADS2 gene expression and desaturating activity. Animal 2016, 10,
700-708. [CrossRef]

Zak, G.; Pieszka, M. Improving Pork Quality through Genetics and Nutrition. Ann. Anim. Sci. 2009, 9, 327-339.
Chlebicz-Wojcik, A.; Slizewska, K. The effect of recently developed synbiotic preparations on dominant fecal microbiota and
organic acids concentrations in feces of piglets from nursing to fattening. Animals 2020, 10, 1999. [CrossRef]

Munezero, O.; Cho, S.; Kim, LH. The effects of synbiotics-glyconutrients on growth performance, nutrient digestibility, gas
emission, meat quality, and fatty acid profile of finishing pigs. J. Anim. Sci. Technol. 2023. [CrossRef]

Liong, M.T.; Dunshea, ER.; Shah, N.P. Effects of a synbiotic containing Lactobacillus acidophilus ATCC 4962 on plasma lipid
profiles and morphology of erythrocytes in hypercholesterolaemic pigs on high-and low-fat diets. Br. J. Nutr. 2007, 98, 736-744.
[CrossRef]

Erdogan, Z.; Erdogan, S.; Aslantas, O.; Celik, S. Effects of dietary supplementation of synbiotics and phytobiotics on performance,
caecal coliform population and some oxidant/antioxidant parameters of broilers. |. Anim. Physiol. Anim. Nutr. 2010, 94, e40-e48.
[CrossRef]

Cheng, Y.F; Chen, Y.P; Du, M.F,; Chao, W.E.; Zhou, Y.M. Evaluation of dietary synbiotic supplementation on growth performance,
muscle antioxidant ability and mineral accumulations, and meat quality in late-finishing pigs. Kafkas Univ. Vet. Fak. Derg. 2018, 1,
24,

Gagaoua, M.; Duffy, G.; Alvarez Garcia, C.; Burgess, C.; Hamill, R.; Crofton, E.C.; Botinestean, C.; Ferragina, A.; Cafferky, J.;
Mullen, A.M.; et al. Current Research and Emerging Tools to Improve Fresh Red Meat Quality; Compuscript: Clare, Ireland, 2022.
Pieszka, M.; Szczurek, P.; Bederska-Lojewska, D.; Migdat, W.; Pieszka, M.; Gogol, P.; Jagusiak, W. The effect of dietary supplemen-
tation with dried fruit and vegetable pomaces on production parameters and meat quality in fattening pigs. Meat Sci. 2017, 126,
1-10. [CrossRef]

Hoa, V.B.; Cho, S.H.; Seong, PN.; Kang, S.M.; Kim, Y.S.; Moon, S.S.; Choi, Y.M.; Kim, J.H.; Seol, K.H. Quality characteristics, fatty
acid profiles, flavor compounds and eating quality of cull sow meat in comparison with commercial pork. Asian-Australas. ].
Anim. Sci. 2020, 33, 640. [CrossRef]

Aaslying, M.D.; Bejerholm, C.; Ertbjerg, P.; Bertan, H.C.; Andersen, H.]. Cooking loss and juiciness of pork in relation to raw meat
quality and cooking procedure. Food Qual. Prefer. 2003, 14, 277-288. [CrossRef]

Liu, TY;; Su, B.C.; Wang, J.L.; Zhang, C.; Shan, A.S. Effects of probiotics on growth, pork quality and serum metabolites in
growing-finishing pigs. J. Northeast. Agric. Univ. 2013, 20, 57-63. [CrossRef]

Rybarczyk, A.; Romanowski, M.; Karamucki, T.; Ligocki, M. The effect of Bokashi probiotic on pig carcass characteristics and
meat quality. FleischWirtschaft-Int. 2016, 1, 74-77.

Kai¢, A.; Kasap, A.; Siri¢, L; Miog, B. Drip loss assessment by EZ and bag methods and their relationship with pH value and color
in mutton. Arch. Anim. Breed. 2020, 63, 277-281. [CrossRef]

Wood, ].D.; Richardson, R.I.; Nute, G.R.; Fisher, A.V.; Campo, M.M.; Kasapidou, E.; Sheard, PR.; Enser, M. Effects of fatty acids on
meat quality: A review. Meat Sci. 2004, 66, 21-32. [CrossRef]

Warriss, P.D. Meat Science: An Intoroductory Text, 2nd ed.; CABI: Wallingford, UK, 2010.

Destefanis, G.; Brugiapaglia, A.; Barge, M.T.; Dal Molin, E. Relationship between beef consumer tenderness perception and
Warner—Bratzler shear force. Meat Sci. 2008, 78, 153—156. [CrossRef]

Hansen, S.; Hansen, T.; Aaslying, M.D.; Byrne, D.V. Sensory and instrumental analysis of longitudinal and transverse textural
variation in pork longissimus dorsi. Meat Sci. 2004, 68, 611-629. [CrossRef]

Grela, E.R.; Swiatkiewicz, M.; Florek, M.; Bakowski, M.; Skiba, G. Effect of inulin source and a probiotic supplement in pig diets
on carcass traits, meat quality and fatty acid composition in finishing pigs. Animals 2021, 11, 2438. [CrossRef]

Yuan, Z. The Influence of Raw Meat Attributes on Quality of Meat Products. Master’s Thesis, Henan Agricultural University,
Zhengzhou, China, 2013. Available online: https://kns.cnki.net/ KCMS/detail /detail.aspx?dbname=CMFD201401&filename=10
14105488.nh (accessed on 1 June 2013).

Kamani, M.H.; Meera, M.S.; Bhaskar, N.; Modi, V.K. Partial and total replacement of meat by plant-based proteins in chicken
sausage: Evaluation of mechanical, physico-chemical and sensory characteristics. J. Food Sci. Technol. ]. 2019, 56, 2660-2669.
[CrossRef]

Wood, ].D.; Enser, M; Fisher, A.V.; Nute, G.R.; Sheard, P.R.; Richardson, R.I.; Hughes, S.I.; Whittington, EM. Fat deposition, fatty
acid composition and meat quality: A review. Meat Sci. 2008, 78, 343-358. [CrossRef]

Chang, S.Y; Belal, S.A.; Choi, Y.I; Kim, Y.H.; Choe, H.S.; Heo, ].Y.; Shim, K.S. Influence of probiotics-friendly pig production on
meat quality and physicochemical characteristics. Korean |. Food Sci. Anim. Resour. 2018, 38, 403. [CrossRef]


https://doi.org/10.5851/kosfa.2017.37.5.690
https://www.ncbi.nlm.nih.gov/pubmed/29147092
https://doi.org/10.1016/j.meatsci.2004.09.008
https://www.ncbi.nlm.nih.gov/pubmed/22062992
https://doi.org/10.1111/asj.13187
https://www.ncbi.nlm.nih.gov/pubmed/30815949
https://doi.org/10.1017/S1751731115002712
https://doi.org/10.3390/ani10111999
https://doi.org/10.5187/jast.2023.e52
https://doi.org/10.1017/S0007114507747803
https://doi.org/10.1111/j.1439-0396.2009.00973.x
https://doi.org/10.1016/j.meatsci.2016.11.016
https://doi.org/10.5713/ajas.19.0262
https://doi.org/10.1016/S0950-3293(02)00086-1
https://doi.org/10.1016/S1006-8104(14)60048-9
https://doi.org/10.5194/aab-63-277-2020
https://doi.org/10.1016/S0309-1740(03)00022-6
https://doi.org/10.1016/j.meatsci.2007.05.031
https://doi.org/10.1016/j.meatsci.2004.05.013
https://doi.org/10.3390/ani11082438
https://kns.cnki.net/KCMS/detail/detail.aspx?dbname=CMFD201401&filename=1014105488.nh
https://kns.cnki.net/KCMS/detail/detail.aspx?dbname=CMFD201401&filename=1014105488.nh
https://doi.org/10.1007/s13197-019-03754-1
https://doi.org/10.1016/j.meatsci.2007.07.019
https://doi.org/10.5851/kosfa.2019.e14

Foods 2024, 13, 105 17 of 17

52. Narayan, B.; Miyashita, K.; Hosakawa, M. Physiological effects of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA)—A review. Food Rev. Int. 2006, 22, 291-307. [CrossRef]

53. Ba, H.V; Seol, KH.; Seo, HW.; Seong, PN.; Kang, S.M.; Kim, Y.S.; Moon, S.S.; Kim, ]. H.; Cho, S.H. Investigation of physiochemical
and sensory quality differences in the pork belly and shoulder butt cuts with different quality grade. J. Food Sci. Anim. Resour.
2021, 41, 224-236.

54. Ross, G.R.; Nieuwenhove, C.P.V.; Gonzélez, S.N. Fatty acid profile of pig meat after probiotic administration. J. Agric. Food Chem.
2012, 60, 5974-5978. [CrossRef]

55. Soladoye, O.P,; Uttarob, B.; Zawadski, S.; Dugan, M.E.R,; Gariépyc, C.; Aalhus, J.L.; Shand, P.; Juarez, M. Compositional and
dimensional factors influencing pork belly firmness. Meat Sci. 2017, 129, 54-56. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/87559120600694622
https://doi.org/10.1021/jf205360h
https://doi.org/10.1016/j.meatsci.2017.02.006

	Introduction 
	Materials and Methods 
	Ethics 
	Experimental Design, Animals, and Management 
	Experimental Diets and Dietary Regimen 
	Sampling and Analysis 
	Growth Performance 
	Meat Quality 
	Texture Profile Analysis 
	Sensory Evaluation 
	Fatty Acid Analyses 
	Statistical Analysis 


	Results 
	Discussion 
	Conclusions 
	References

