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The postweaning is recognized as one of the most challenging stages of pig growth that can affect their lifetime productivity. The
aim of the study was to evaluate the inclusion of Saccharomyces cerevisiae var. boulardii RC009 and Pediococcus pentosaceus
RCO007 as a probiotic additive in pigs’ postweaning diets and its effect on meat composition, carcass characteristics, and fatty acids
profile after slaughter. The following three treatments (550 animals each) were included: T1: control balanced diet (CD), T2: CD
with S. boulardii RC009 (1 x 109 CFU/kg feed), and T3: CD with P. pentosaceus RC007 (1 x 109 CFU/kg feed). The additive was
administered throughout the postweaning phase (49 d), and then the pigs were moved to a fattening house where they no longer
received probiotics in the feed. At 115 + 5kg, the animals were transferred to the slaughterhouse. Analyses of carcass composition,
muscle depth, protein content, total fat and ash, drip and cooking water loss, and fatty acids were performed. Pigs consuming the
probiotic additives had improvements in some of the production parameters. According to our results, we could observe that
some modifications in meat composition after slaughter were observed in the group of pigs that consumed the probiotic additives
during the postweaning, which could be considered as an improvement in meat quality. Pigs consuming probiotics had higher
percentages of essential omega-3 fatty acids such as linolenic acid, and pigs consuming S. cerevisiae var. boulardii RC009 increased
lean percentage and reduced the eicosanoic contents in meat. Also, an improvement in water retention capacity was observed in
both groups treated with probiotics. While these results are promising, further studies are needed to evaluate the possible effect of
these additives closer to slaughter, as well as their combined use.
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1. Introduction

Pork is the most consumed meat worldwide, and consumers
demand for safer pork is growing. The purpose of the swine
production chain is to provide food for people (fresh, cured,
or processed) so that it necessarily involves aspects that
influence the pig’s carcass quality. The new trends in food
production are based on the safety, innocuousness, and
stability of animal origin products integrated in the concept
“One World One Health” which maintains that human
health and animal health are interdependent and linked to
the health of the ecosystems in which they exist [1]. Thus, the
animal food is defined not only by its organoleptic attributes
but also by the production process of these animals, in-
volving health, welfare, and the environment.

Meat quality is a plural concept that differs depending on the
segment of the meat chain. It can be related to its nutritional
composition and organoleptic factors such as appearance,
palatability, and safety. Consumers often agree that the most
important quality criterion is the amount of muscle tissue
(muscle) and the proportion of lean tissue [2]. Since consumers
demand lean meat, with fewer calories and cholesterol, the
industrialist wants to pay for more muscle and less fat. Another
very important parameter to analyse the quality of meat is the
water retention capacity, intimately linked to the pH decrease
after rigor mortis. It is also important to analyse the nutritional
value given by the percentage of protein, the contribution of
calories, and minerals [3]. Although the beneficial and nutri-
tional attributes of pigs are widely known, it should not be
overlooked that the feed the animals receive can have an im-
portant influence on meat quality, and although the interrelation
with other aspects of the production process (genetics, man-
agement, and slaughter) should be considered, it is known that
feed plays a fundamental role [4]. Carcass composition traits
have also been associated with the composition of the intestinal
microbiota [5], which is closely related to the animal’s diet and
the way in which it can optimize the utilization of nutrients.

At the farm, the weaning is a very stressful moment because
of many factors like the separation of their mothers, the change
in the kind of feed and environment [6]. These stress factors are
also related to the occurrence of several intestinal and/or
systemic pathologies that impact the farm performance in-
dicators; their influence on intestinal postweaning pigs gut
health impacts on lifetime gut health and, consequently, on
animal performance until slaughter [7]. This encourages the
use of antibiotics by producers to prevent the occurrence of
diseases in the postweaning stage. It is known that the in-
discriminate use of antibiotics generates resistance in patho-
genic bacteria and represents a current threat to public health.
An alternative developed in recent years to replace the non-
therapeutic use of antibiotics and reduce the consequent im-
pact on human health and the environment is the inclusion of
probiotics as additives in the diet [8].

Méndez Palacios [9] concluded that there was an eco-
nomic benefit when using both prebiotics and probiotics in
the diet of pigs from weaning to finishing. Tufarelli [10]
found that feeding probiotic blend enhanced growth per-
formance and meat quality in growing-finishing pigs and
also decreased faecal NH3-N and butyric acid levels,
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resulting in a viable approach to reduce animal excreta
pollution.

Previous studies have demonstrated the probiotic
properties of S. cerevisiae var. boulardii RC009 and
P. pentosaceus RC007 isolated from the pig ecosystem. They
were able to survive under gastrointestinal conditions and
had beneficial properties such as aggregation/inhibition of
pathogenic bacteria and the capacity to bind mycotoxins
under gastrointestinal conditions [11, 12]. In addition,
Poloni [13] showed that S. cerevisiae var. boulardii effectively
counteracts the toxic effects of harmful aflatoxin B; (AFB,)
in livers. However, they did not demonstrate the influence of
these strains on meat quality and other parameters related to
lipid metabolism. Therefore, the study aimed to evaluate the
inclusion of S. cerevisiae var. boulardii RC009 and P. pen-
tosaceus RC007 as a probiotic additive in pigs’ postweaning
diets and its effect on meat composition, carcass charac-
teristics, and fatty acids profile after slaughter.

2. Materials and Methods

The working protocol and the used techniques comply with
the regulations of the Subcommittee on Animal Bioethics
under the Ethics Committee of Scientific Research, as
established in Resolution 376/22 of the Superior Council of
the National University of Rio Cuarto.

2.1. Microorganisms. The probiotic yeast Saccharomyces
cerevisiae var. boulardii RC009 was isolated from the pig
intestine. Morphological, biochemical, and molecular
characterization was conducted according to Armando [11].
Species assignment was done using the Yeast Identification
Database (https://www.yeast-id.com). The sequence com-
parisons were performed using the basic local alignment
search tool (BLAST) program within the NCBI database and
submitted to GenBank (ID #KF447149.1).

The probiotic lactic acid bacteria (LAB) Pediococcus
pentosaceus RC007 was isolated from feedstuft and char-
acterized based on morphological, physiological, and bio-
chemical tests. DNA extraction, polymerase chain reaction,
and 16S rDNA sequencing were performed using the
method proposed by Martinez [12]. DNA fragments were
visualized after an electrophoretic run on 1.5% agarose gel
stained with 0.5 g ml™"' ethidium bromide, and gels were
photographed using a MiniBIS Pro analyser (DNR Bio
Imaging Systems, Jerusalem, Israel). The fragment sizes were
measured by comparison with DNA 100-bp ladder (Invi-
trogen by Life Technologies, Buenos Aires, Argentina). For
DNA sequencing of both strands, template DNA was sent to
Macrogen Inc. (Seoul, Korea). Sequences were compared
using the local alignment search tool (BLAST) program with
the NCBI database (GenBank) (http://www.ncbinlm.nih.
gov/BLAST/) and submitted to GenBank (ID #1,980,444).

2.2. Yeast and Lactic Acid Bacteria Biomass Production.
Biomass of Saccharomyces cerevisiae var. boulardii RC009
was obtained from 24 h of culture in yeast-peptonedextrose
(YPD) broth to which 1g PO4H2K/L was added in a BioFlo
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2000 fermenter (New Brunswick Scientific Co., Inc, Enfield,
CT, USA) operated at 4 x g, at 28°C, and 1.5 vvm of aeration.
The pH value was adjusted to 5 with 6 M NaOH. The
working volume was 4 L.

Pediococcus pentosaceus RC007 culture conditions were 3L
of optimized culture medium developed with commercial
refinery syrup, stirring 4 x g at 37°C for 24h, and 10% in-
oculum (v/v). The concentration of dissolved oxygen at the
beginning of the experiment was 0%. Foam production was
controlled by the addition of antifoam 289 (Sigma-Aldrich, St.
Louis, MO, USA). The pH was maintained between 6.5 and 7
with the addition of 18 N H,SO, or Na,CO5; 20% w/v.

2.3. Probiotic Additives Formulation. The probiotic biomass
obtained at the end of the fermentation of both microor-
ganisms, LAB and yeast, was centrifuged at 1000 x g at 4°C
for 10 min. The concentrated pellet was resuspended in the
same volume of cryoprotectant (10% skim milk plus 5%
yeast extract for the yeast and 10% skim milk only for LAB)
and stored at —80°C. The viability of the lyophilized formula
(1g) was confirmed at the time of the trial.

2.4. Experimental Design. This experimental trial was carried
out in the farm “Criadero de Cerdos de Aceitera General
Deheza SA.” The studies were developed with male and female
pigs of the commercial genetic line Agroceres PIC
(Camborough x 337) in the breeding herd, which received the
following vaccines: at 21 and 42 days of age, commercial PCVM
vaccine (Circovirus + Mycoplasma) and at 50days of age,
A. pleuropneumoniae vaccine. The animals were sexed and
separated by weight similarity on the 1% day of the test. For the
experience, a total of 1650 animals were used (50% male and
50% female) which were housed in three different confined
facilities. The study was carried out with three consecutive
weeks of weaning, and one treatment was applied to each of the
weeks of weaning in weekly groups of 550 animals (full barn for
each diet). From the first day of the trial, pigs were fed ad
libitum with different experimental diets. Treatments were
applied after weaning (21 days of age) and for the total rearing
period (until 70 days of age). In the rearing shed, floors were
entirely plastic and the environment was fully controlled by
tunnel ventilation with heating gas heaters.

2.5. Experimental Diets. Commercial pig feed was the reg-
ular provided by the establishment where the trial was
carried out. It covers the nutritional requirements of the
rearing stage in all phases as recommended by the National
Research Council [13]. The composition to each phase of
diets is described in Table 1. The phase 1 diet was admin-
istered from 21 days of age to 26 days of age, phase 2 diet
from 26 to 34 days of age, phase 3 from 34 to 47 days, and
phase 4 from 47 to 70 days of age.

In the treated diets, probiotic additives were in-
corporated in a concentration of 1x 10° CFU/kg of feed,
performing three treatments with 550 animals each; treat-
ment 1: control diet (DC), treatment 2: DC with S. boulardii
RC009, and treatment 3: DC with P. pentosaceus RC007.

TaBLE 1: Centesimal composition and calculated values of diets
provided to the animals in the experimental period.

Item Unit Phase 1 Phase 2 Phase 3 Phase 4
Dry matter % 92.01 90.61 88.84 88.76
Crude protein % 22.70 22.23 19.87 19.99
Z}Zﬁg"hmble Kcal 3,676.61 3,59531 3,429.34 3,402.43
Total lysine % 1.66 1.60 1.42 0.00
Dig lysine % 1.55 1.50 1.31 1.19
Dig methioine % 0.61 0.61 0.55 0.45
Dig cysteine % 0.33 0.29 0.25 0.26
Dig met + cyst % 0.93 0.90 0.88 0.00
Dig tryptophan % 0.36 0.34 0.24 0.23
Dig threoine % 1.01 0.97 0.84 0.77
Dig arginine % 1.14 1.19 0.00 0.00
Dig valine % 0.64 0.74 0.00 0.00
Crude fat % 9.15 8.39 4.96 4.71
Crude fiber % 1.91 2.39 3.49 4.00
Calcium % 0.86 0.85 0.67 0.81
Total phosphorus % 0.59 0.57 0.65 0.72
?ﬁiﬁﬁim % 057 050 044  0.43
Lactose % 15.00 7.50 0.00 0.00
(Lgi‘;le‘;) acid % 271 307 245  0.00
. mg/
Choline ke 735.00 735.00 593.22  315.00
Zinc ppm 3,000.00 3,000.00 1,639.12 139.12
Copper ppm 26620 26620 263.50  263.50
Selenium ppm  0.40 0.40 0.34 0.34
Iron ppm  90.39 90.39 75.47 75.45
Sodium % 0.46 0.34 0.22 0.17
Chlorine % 0.51 0.37 0.30 0.24
Ash % 5.98 5.73 4.62 5.13

After the essay, pigs were transferred to a fattening house
where they consumed the regular fattening diet without the
addition of probiotics. Once finished the fattening stage (at
115 + 5 kg and about 160 days hold), they were delivered to
the slaughterhouse.

2.6. Carcass Composition and Muscle Thickness Determinations.
At the end of fattening, the pigs were sent to slaughter at
approximately 160 days of age. In each treatment, 50 pigs
(half male and half female) were randomly selected. The
transfer and slaughter protocol were the same for each
treatment. The carcass weight (kg) was determined at the
time of slaughter, and after that, thickness of longissimus
dorsi muscle measured between the 10th and 12th rib was
recorded using a manual caliper. Also, a sample of 50 g of
this region of the longissimus dorsi muscle in 50 pigs from
each treatment was taken to make determinations in the
laboratory. Two different formulas were applied to de-
termine the percentage of lean: Fat o Meater (FOM):
lean percent =51.691 - 0.214 x (A) - 0.396 x (B) + 0.136 x (C);
Hennesy: lean percent=46.344-0.580 % (B) +0.232 x (C),
where (A) is fat thickness in mm at 10* rib, (B) is fat
thickness in mm at last rib, and (C) is muscle thickness
in mm.



2.7. Meat Quality Determination. Protein content, total fat,
and total ash were determined by the AOAC [14] method.

Drip loss analysis was performed according to the
methodology described by Honikel [15].A meat fillet
(20-50 g) was cut, weighed, hung on a hook, and placed in an
inflated plastic bag, taking care that the meat does not touch
the bag. The meat was conserved at 4°C for 24 h, and the
excess liquid was dried with filter paper and the final meat
weight was taken. The result was expressed as the percentage
of moisture lost. The assay was done in triplicate.

In addition, cooking loss was determined according to
the methodology described by Rezar [16]. The same meat
samples used for drip loss were used to determine water loss
by cooking. The samples were placed in plastic bags in
a thermostatic bath at 75°C. The samples were cooked for
30 minutes and then removed from the bath and allowed to
cool. Excess of moisture was removed with filter paper and
the samples were weighed. The moisture loss was expressed
as a percentage. All samples were evaluated in triplicate.

2.8. Fatty Acids Analysis. The fatty acid profile of the meat
samples from each treatment was determined. Fatty acid
extraction was carried out following the methodology de-
scribed by Ross [17] with some modifications. Samples of
approximately 3 g of meat were taken, lipid extraction was
carried out using 30mL of a 2:1 chloroform/methanol
solution (v/v) for 30 min with reflux, and saponification was

_(C12: 0+4xC14:0+C16:0)
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carried out with 20 mL of 0.5M NaOH (in methanol) and
was refluxed at 100°C for 20min; 10 mL of hexane were
added, and it moved to a decanter ampoule and the organic
phase was taken. It was dried over anhydrous sodium sul-
phate and filtered with a 0.45pm filter. Fatty acids were
detected by gas chromatography using a gas chromatograph
(GC) (Agilent 7890A, United States) equipped with a flame
ionization detector (FID), an automatic injector (Agilent
7693A, United States), and a ZB-Wax column
(60 m x0.25 mm x 0.25 ym). The chromatographic condi-
tions were as follows: the injector and detector temperature
were 250°C, and helium was used as carrier gas with a linear
velocity of 1 mL.min-1. The gas chromatograph oven tem-
perature was programmed to start at 180°C (maintained for
1 min), followed by a 2°C/min ramp to 240°C. The identi-
fication of fatty acid methyl esters (FAMEs) was achieved
using a reference standard FAME mixture C14-C22 (Supelco
Inc., Bellefonte, PA, USA). Fatty acids are expressed as
a percentage of the sum of identified fatty acids. All samples
were evaluated in triplicate.

The nutritional value of meat was evaluated by calcu-
lating health lipid indices such as polyunsaturated fatty acids
(PUFA)/saturated fatty acids (SFA), PUFA n-6/n-3, and
atherogenic (AI), thrombogenic (TI), and nutritive value
(NVI) indices according to Ulbricht and Southgate [18] and
Chen [19] using the following equations.

Al , 1
> unsaturated fatty acids (UFA) (1)
- (C14: 0+C16: 0+ C18: 0) @)
(0.5 x monounsaturated fatty acids (MUFA) + 0.5 x n — 6 PUFA + 3 x n — 3PUFA + n - 3/n — 6 PUFA)’
C18:0+C18:1
vy (C18:0+4CI8: 1) 3)

Cl16:0

2.9. Statistical Analysis. The productive parameters and the
meat quality parameters (n=>50) were subjected to the
analysis of the variance (ANOVA). The means were com-
pared according to Fisher’s minimum significant difference
test (LSD) [20]. The analysis was carried out using the
InfoStat program [21].

3. Results

3.1. Carcass Weight and Muscle Thickness. Table 2 shows the
weight of the carcass in the treatments tested. The pig carcass
is the whole body of the slaughtered animal as it appears
after bleeding and evisceration operations, split in half,
without bristles, hooves, genitals, or diaphragm. The results
show that both carcass weight and muscle thickness are
significantly improved in the probiotic treatments.

3.2. Meat Composition Determinations. The effects of dif-
ferent treatments on meat composition are reported in
Table 3. The total protein content in meat is an indicator of
its nutritional value. Treatment with S. boulardii significantly
increases the total protein content although this effect was
not observed in the treatment with P. pentosaceus. The
mineral content (ash) of meat was not significantly different
among treatment groups, and the meat intramuscular fat
content decreased significantly in pigs consuming
S. boulardii, while it increased in pigs consuming
P. pentosaceus, with respect to the control group (P <0.05)
(Table 3).

The lean percentage in all treatments, both by the Fat O
Meater method and by the Hennessy method, exceeded the
44% stipulated as the base value of lean tissue authorized for
consumption according to the Secretariat of Agriculture,
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TaBLE 2: Carcass weight and longissimus dorsi muscle depth measured between the 10th and 12th rib in pigs of the three performed

treatments.

Treatments Carcass weight (kg) Muscle depth (mm)
Control 99.8 (£9.5)* 81.7 (+9.6)*

S. boulardii 109.0 (£9.3)° 86.3 (26.6)°

P. pentosaceus

108.2 (+£8.4)°

83.4 (£8.6)°

Means in the same column with different superscripts (a and b) are significantly different (P < 0.001), according to Fisher’s protected LSD test. The standard

deviation is enclosed in parenthesis.

TaBLeE 3: Proteins content, intramuscular fat, and ash de-
terminations of the three performed treatments. Values are
expressed as a percentage of dry matter (DM).

TaBLE 4: Lean percentage of the three performed treatments
according to two different formulas: Fat o Meater (FOM) and
Hennesy.

Intramuscular
1 0y 0
Treatments Protein (% DM) fat (% DM) Ash (% DM)
Control 5429 (+1.5)° 379 (x1.5)®  3.45 (+0.3)
S. boulardii 61.60 (+2.1)*  3.36 (£1.8)*  3.74 (x0.5)
P. pentosaceus ~ 53.41 (+1.8)> 412 (£1.2)°  3.38 (+0.2)"

Means in the same column with different superscripts (a and b) are sig-
nificantly different (P < 0.001), according to Fisher’s protected LSD test. The
standard deviation is enclosed in parenthesis.

Livestock, Fisheries, and Food (S.A.G.P. y A.). The treatment
with S. boulardii had the highest lean percentage of the
study, being significantly higher (P < 0.001) than the control
group (Table 4).

3.3. Water Retention Capacity Analysis. The loss of moisture
by dripping and cooking was evaluated in samples from
longissimus dorsi muscle from animals in the three treat-
ments. Moisture loss by dripping was greater in the control
group, with respect to the pigs that consumed the probiotic
treatments that had higher water-holding capacity (WRC).
Moisture loss by cooking was also significantly different
between control samples and probiotic treatments, with
differences of about 30% less loss in the treated groups
compared to the control (Table 5).

3.4. Fatty Acids Analysis. Fatty acid profiles and nutritional
indices of the meat are presented in Table 6. The SFA
percentage was significantly different (P < 0.05) among the
three groups, except for the C18:00 (stearic acid) content,
which did not differ among the three groups. The
P. pentosaceus treatment resulted in significantly lower
(P <0.05) C14:00 percentage and no significant differences
compared to the control for C16:00 (palmitic) and C22:
0 (behenic). In contrast, S. boulardii treatment showed
significantly lower (P <0.05) C20:0 (eicosanoic) content.
The total MUFA content was significantly lower (P < 0.05) in
the P. pentosaceus treatment, showing no significant dif-
ferences (P <0.05) from the control for the S. boulardii
treatment. C18:1 (n-9) trans (elaidic) was the most abun-
dant MUFA in all samples, with levels between 18.04 and
30.9%. The total PUFA content was higher in the
P. pentosaceus treatment. In all samples, C18:3 (n-3) cis

Lean percentage

Treatments

FOM Hennesy
Control 56.77 (+1.66)° 57.42 (£2.46)°
S. boulardii 59.12 (1.29) 59.21 (+1.44)

56.70 (£1.42)° 57.47 (£1.90)°

Means in the same column with different superscripts (a and b) are sig-
nificantly different (P < 0.001), according to Fisher’s protected LSD test. The
standard deviation is enclosed in parenthesis.

P. pentosaceus

TaBLE 5: Drip loss and cooking loss analysis of the three performed
treatments.

Water retention capacity

Treatments . ]

Drip loss (%) Cooking loss (%)
Control 3.36 (+1.56)* 41.96 (+6.16)*
S. boulardii 1.81 (£1.11)° 2617 (£9.43)°

1.88 (+0.84)° 31.72 (£5.93)°

Means in the same column with different superscripts (a and b) are sig-
nificantly different (P < 0.001), according to Fisher’s protected LSD test. The
standard deviation is in brackets.

P. pentosaceus

(linolenic) was the major PUFA, with levels between 2.7 and
6.32%, whereas samples from pigs consuming P. pentosaceus
had the highest content. The P. pentosaceus treatment had
a significantly lower (P <0.05) total trans and cis fatty acid
percentage. The P. pentosaceus treatment resulted in a sig-
nificantly lower (P < 0.05) content of trans and cis total fatty
acids. For the control and P. pentosaceus treatments, no
significant differences were found between trans and cis total
fatty acid percentage, whereas for the S. boulardii treatment,
the proportion of cis total fatty acid was significantly higher
(P <0.05) than the trans total fatty acid. In addition, the
S. boulardii treatment resulted in a significantly lower
PUFA/SFA ratio (P <0.05), and no differences were found
between the control and P. pentosaceus treatments. All
treatments showed n-6 PUFA/n-3 PUFA ratios lower than
the recommended value of 4, with P. pentosaceus treatment
showing the lowest ratio. Of the meat health-promoting
indices evaluated, only TI showed significant differences
between the probiotic treatments, being significantly lower
for P. pentosaceus, although without differences from the
control. IA and NVI did not differ significantly among the
three treatments.
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TasLE 6: Effects of probiotics addition in pigs’ postweaning diets on fatty acid profile and contents in meat samples (relative % fatty acids).

Fatty acid Control S. boulardii P. pentosaceus P value
Cl14:0 1.09+0.31° 1.27 +0.04° 0.70 £0.07° 0.023
Cl16:0 18.04 + 4.56% 21.21 +2.56° 12.99 +1.12° 0.045
C18:0 7.80+0.74° 11.01 £2.73° 9.95+1.92° 0.207
C20:0 6.96 +3.76° 1.29 +0.61° 14.19 +0.27° 0.001
C22:0 5.55+3.00° 11.72+1.51° 10.42 +2.72% 0.051
SSFA 39.44+1.16° 46.49 +3.21° 48.25+3.71° 0.022
C18:1 (n—9) trans 24.46 + 5.02%° 30.9+3.59° 18.04 + 1.22° 0.014
C18:1 (n-9) cis 1413 +2.01° 16.3 +1.50° 8.28 +0.56° 0.001
MUFA 38.58 +7.03" 47.28 +5.09° 26.32+1.79% 0.007
C18:2 (n—6) trans 1.06 +0.15° 1.30 £0.08° 0.55 +0.08° 0.001
C18:2 (n—6) cis 237 £0.16° 0.26 £0.05° 1.94+0.16° <0.0001
C18:3 (n=3) cis 2.70 + 1.49° 3.30+0.41° 6.32+1.15° 0.015
SPUFA 6.14+1.50 4.87 +0.45° 8.80 +1.28° 0.016
Y>n—3 PUFA 2.70 +1.49° 3.30 +£0.41° 6.32+ 1.15° 0.015
¥n—6 PUFA 3.44+0.01° 1.57 +0.04% 248 +0.13° <0.0001
PUFA/SFA 0.15+0.03° 0.10+0.01° 0.18+0.01° 0.0102
Ttrans 25.52 +5.17% 32.20+3.67° 18.59 + 1.25° 0.012
cis 19.20+0.36° 19.95+1.87° 16.54 +0.74° 0.027
n—6 PUFA/n—3 PUFA 1.64 + 1.06° 0.48 + 0.05%® 0.4 +0.05% 0.083
TI 0.88 +0.18%° 0.96 +0.05° 0.70 +0.03° 0.070
Al 0.50 +0.07° 0.50 +0.01% 0.45 +0.03° 0.333
NVI 2.61 +0.24° 2.75+0.04° 2.81+0.25° 0.508

Means in the same row with a common letter are not significantly different according to Fisher’s protected LSD test (P > 0.05). Values are expressed as the
means + SD (n=3). C14:0, miristic acid; C16: 0, palmitic acid; C18:0, stearic acid; C20: 0, arachidic acid; C22: 0, behenic acid; C18:1 (n—9) trans, elaidic
acid; C18:1 (n—9) cis, oleic acid; C18:2 (n—6) trans, linolelaidic acid; C18:2 (n—6) cis, linoleic acid; C18:3 (n—3) cis, linolenic acid. SFA, saturated fatty
acid; UFA, unsaturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. TI: thrombogenic index. Al: atherogenic index.

NVI: nutritive value.

4. Discussion

Pork quality is a broad concept that includes, among others,
factors related to the nutritional and organoleptic charac-
teristics of the product and its food safety. However, from an
industrial point of view, several variables determine the
degree of suitability of the product for industrial processing.
In this study, pork composition, carcass characteristics, and
fatty acid profile in slaughter pigs were evaluated after the
inclusion of different probiotics in the postweaning phase.
The postweaning is recognized as one of the most chal-
lenging stages of pig growth that can affect their lifetime
productivity [7, 22]. It was observed that the use of probiotic
additives in the early growth stage had a positive influence
on production parameters such as carcass weight and muscle
depth after slaughter. These improvements in growth per-
formance with the addition of probiotics in feed have been
previously reported [10, 23, 24] and were associated with
improved intestinal health and utilization of nutrients re-
leased by the probiotic.

Pork quality is affected by multiple factors throughout
the meat chain. It is currently recognized that one of the
most important quality criteria for the industry is the muscle
percentage or lean production. In the present study, a sig-
nificant increase in the proportion of lean meat was observed
in pigs consuming S. boulardii, which is a desirable attribute
for producers, consumers, and industrialists. These results
are in agreement with Davila-Ramirez [25], who observed an
increase in lean percentage in pigs, under stress conditions,
supplemented with S. boulardii. However, beyond the

interest in obtaining lean meats, some authors indicated that
genetic improvements to increase lean production in pigs
lead to an unfavorable pattern of fatty acids in fat depots
[26]. This pattern is characterized by increased C18:2 n-6
trans ratios [27] as shown by our results in animals treated
with S. boulardii.

The World Health Organization recommends reducing
the intake of saturated fats, which are associated with the
production of cholesterol and the development of coronary
heart disease. Instead, it recommends replacing them with
the consumption of certain PUFAs that are considered
essential, as they are not synthesized by the human body. In
the present study, P. pentosaceus supplementation increased
the levels of C18:3 (n-3) (linolenic) and consequently the
total PUFA percentage. These results agree with those ob-
served by Chang [28] and Grela [29] for the probiotic
supplement in pig diets with Lactobacillus plantarum and
a mixture of microorganisms (Lactococcus lactis IBB500,
Carnobacterium divergens S1, Lactobacillus casei LOCK
0915, Lactobacillus plantarum LOCK 0862, and S. cerevisiae
LOCK 0141, respectively). The values obtained for the n-6
PUFA/n-3 PUFA ratio for the three treatments are low and
are within the limits established by the World Health Or-
ganization to promote health and minimize cardiovascular
disease risks. Zhimei [30] also obtained low values of the n-
6/n-3 ratio for pigs treated with a control diet and sup-
plemented with the probiotic L. reuteri I in pigs. On the
contrary, Grela [27] and Chang [26] obtained very high
values of this relationship for both, the control and sup-
plemented with probiotics diet.
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Only for the S. boulardii treatment, significantly higher
total trans fatty acid percentages than cis fatty acids were
observed. This could be due to changes in the gut microbiota
induced by the yeast modifying the biohydrogenation of
PUFA or resulting in the inhibition of isomerases.

The high SFA values, for C20:0 (arachidic acid), but
particularly for the surprisingly high values of C22:
0 (behenic acid), found in the study for the treatments have
previously been linked to diet, genetic breed, and the weight
and age of the animals. A diet rich in cereals and other
carbohydrate-rich feeds may increase the levels of saturated
fatty acids in meat [31]. Pigs-fed diets high in corn or other
grains tended to have more saturated fats. Some pig breeds
tend to produce meat with higher saturated fat levels [32].
Genetic makeup influences fat deposition and metabolism in
animals. In addition, heavier and older pigs tend to have
a higher saturated fat percentage because they have more
time to deposit fat in the body [33]. However, since many of
the variables were the same for all the groups under study,
this difference in the formation and deposition of fatty acids
in the muscle could be associated with modifications in the
intestinal microbiota as has been previously proposed [34].

The nutritional value of pork meat can be improved by
decreasing the SFA level because SFA are related to the in-
cidence of cardiovascular heart diseases [35]. In our study, we
demonstrated that dietary supplementation with S. boulardii
reduced the C20:0 (eicosanoic) amount in meat. Similar re-
sults were obtained by Zhu [36], who evaluated the effects of
the addition of probiotics (a mixture of L. plantarum and
S. cerevisiae) to the diet of Bama Mini-pigs on carcass traits and
meat quality. In addition, the values obtained for the health-
promoting indices of meat were those expected for pigs
TI=1.12 and AI=0.47 [37, 38] and were similar to those
obtained by Grela [29] for pigs fed with a control diet and
supplemented with a combination of probiotics. On the other
hand, there was a slight increase in the levels of trans fatty acids
found in the pigs consuming the probiotics; it can be con-
sidered a negative effect from a health point of view. Further
studies are needed to evaluate the significance of this effect.

In the present study, the ash content was not modified in
pigs receiving probiotics, in contrast to that reported by
Chang [28] who found that dietary supplementation with
probiotics significantly reduced the ash content although
they also found an increase in the protein level.

For both the industry and the consumer of fresh pork,
the water-holding capacity of muscle tissue has a central
influence. For the industry, loss of WRC reduces the
sausage yield, while abundant loss of liquid during
cooking generates consumer rejection. This loss of liquid
retention capacity is associated with the rate of post-
mortem pH decrease. In our results, we observed that the
water retention capacity was better in pigs that consumed
the probiotic additive in the early stages of growth. Many
causes associated with the management or slaughter can
generate these pH changes. Although in the present study,
the animals were slaughtered at the same age under the
same protocol, and the possible effect of slaughtering with
a period of 7 days between groups should be considered in
the interpretation.

Some modifications in meat composition after slaughter
were observed in the group of pigs that consumed the
probiotic additives during the postweaning, which could be
considered as an improvement in meat quality. While these
results are promising, further studies are needed to evaluate
the possible effect of these additives closer to slaughter, as
well as their combined use.

5. Conclusion

The group of pigs who were given probiotic supplements
during their postweaning period showed some changes in
their meat composition after slaughter, which may be
interpreted as an improvement in the quality of pork. Pigs
fed with probiotics showed higher percentages of essential
omega-3 fatty acids, such as linolenic acid, and pigs fed with
S. cerevisiae var. boulardii RC009 showed a decrease in
eicosanoic contents in meat and an increase in lean per-
centage but it also increased the levels of trans fatty acids. In
addition, both probiotic-treated groups showed an im-
provement in the capacity to retain water [39].
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