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ABSTRACT: The aim of this work was to study the fatty acid profile of pig meat after probiotic administration. Thirty
postweaned pigs (25 day old) were distributed into 2 groups: control (n = 15) and probiotic (n = 15). Each experimental group
was fed ad libitum on a commercial diet for 35 days. Lactobacillus amylovorus and Enterococcus faecium mixed culture (108 CFU/ml)
was daily orally delivered to the probiotic group. At the end of the assay, six pigs randomly selected from each group were
slaughtered and muscle samples (Longissimus dorsi) were taken for fatty acid analysis. Tissues from the probiotic group animals
exhibited an increase in monounsaturated and polyunsaturated fatty acids; furthermore, linoleic acid (C18:2), linolenic acid
(18:3), and cis-9,trans-11 conjugated linoleic acid (CLA) concentrations were significantly higher (p < 0.05) compared to the
control group. These results suggest probiotic administration could be useful to modify and improve the fatty acid profile of pig
meat.
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■ INTRODUCTION
Argentina is traditionally considered one of the greater bovine
meat producers, and this meat is the most consumed in this
country. However, there is increasing interest in pig meat con-
sumption in recent years due to its health benefits compared
to bovine meat. Nowadays, there are much research carried out
to improve the meat fatty acid profile, increasing unsaturated
fatty acids and decreasing saturated fatty acids levels, due to
it being known that a direct relationship between saturated
fatty acids and cardiovascular diseases exists. The meat fatty
acid profile might be influenced by modifications in animal
diet; thus, probiotic administration to animals could be a novel
and an important way to improve the nutritional quality of
pig meat.
Probiotics are “live microorganisms which, when adminis-

tered in adequate amounts, confer a health benefit on the
host”.1 There is much data about the influence of probiotic
administration on lipids and cholesterol levels in animals and
humans.2 It was observed that Lactobacillus reuteri CRL 1098
caused a reduction in triglycerides and an increase in the ratio
of high-density lipoprotein (HDL) to low-density lipoprotein
(LDL) in spleens and livers in Swiss Albino mice.3 In rabbits,
administration of Enterococcus faecium CRL183 raised HDL
cholesterol levels and lowered triglyceride levels.4 In pigs,
administration of L. johnsonii BFE 1059 and BFE 1061 and
L. reuteri BFE 1058 produced a reduction in serum choles-
terol levels after 3 weeks of treatment.5 Supplementation of
E. faecium EK13 during feeding resulted in a significant decrease
of cholesterol levels in piglets.6 In humans, an increase of
α-linolenic acid (18:3 n-3) in plasmatic phospholipids was
observed in babies after Bif idobacteria Bb12 supplementation
during lactation.7

In recent years, researchers have been especially interested in
conjugated linoleic acid (CLA) producing bacteria to
incorporate them in functional foods as a way to increase

CLA concentration in human diet. CLA is a collective term to
describe positional and geometric isomers of linoleic acid (LA)
(cis-9,cis-12 octadecadienoic acid) with conjugated double
bonds. There is much evidence of CLA involvement in
atherosclerosis8 and carcinogenesis9−11 prevention and immune
response modulation.12 Atherogenicity index (AI) describes the
atherogenic potential of dietary fat. Foods with high AI are
considered detrimental to human health.
Our previous results showed that Lactobacillus amylovorus

and E. faecium administration to postweaned pigs had
antiparasitic activity and positive effects on growth performance
parameters and fecal microbiota.13 However, the effect of this
probiotic administration on the muscle fatty acid profile was
not evaluated. The aim of this work was to evaluate the CLA-
producing ability of L. amylovorus and E. faecium strains and the
effect of their administration on the meat fatty acid profile in
postweaned pigs.

■ MATERIALS AND METHODS
Bacterial Strains and Culture Conditions. Two strains isolated

from porcine feces, molecularly identified according to Roy et al.14 as
L. amylovorus and E. faecium and characterized for their in vitro
probiotic properties,15 were used in this study.

Lactic acid bacteria (LAB) strains were kept at −20 °C in MRS
broth containing 30% v/v glycerol. Cultures were activated by
successive subculturing into MRS broth and grown at 37 °C for 16 h.

Bacterial CLA Production. L. amylovorus (2%, v/v) and E. faecium
(2%, v/v) and the mixed culture (1% v/v, each) were inoculated in
MRS broth containing 60 μg/mL linoleic acid (LA) (99% pure, Sigma,
St. Louis, MO, USA) as substrate. LA was dissolved in 1% v/v Tween
80 (polyoxyethylene sorbitan monooleate; Merck, Darmstadt,
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Germany) to improve its solubility. Cultures were anaerobically
incubated at 37 °C for 24 h. After incubation, lipids were extracted and
analyzed by gas chromatography (GC).16

Bacterial Fatty Acid Analysis. Lipids were extracted from
probiotic cultures and noninoculated sterile media (Control) using
chloroform/methanol (2:1, v/v) solution,17 and then they were
saponificated with 4 mL of methanolic NaOH (0.9%, w/v) at 100 °C
for 30 min. Free fatty acids were extracted twice with hexane (6 and
3 mL, respectively), collecting the upper organic phase. Recovered fatty
acids were derivatized to methyl esters (FAME).18 FAME were
dissolved in hexane (1 mL) and kept at −20 °C until GC analysis.
GC Conditions. A gas chromatograph (model 6890N, Agilent

Technologies, Wilmington, DE) equipped with a flame ionization
detector (FID) and an automatic injector (model 7683, Agilent
Technologies, Shanghai, China) was used.
One microliter of derivatized sample was injected to a HP-88

capillary column (100 m × 0.32 mm interior diameter × 0.25 μm of
thickness, Agilent Technologies, Wilmington, DE). GC conditions
were as follows: injector temperature 255 °C; initial oven temperature
75 °C increasing to 165 at 8 °C/min (35 min). Then the temperature
was increased to 210 at 5.5 °C/min (2 min); finally, the oven
temperature was 240 at 15 °C/min (3 min). Detector temperature:
280 °C. Nitrogen was used as the carrier gas (18 mL/min) with a
pressure of 38 psi.
Fatty acids were identified by comparison with the retention times

of methylated standards (99%, Sigma, St. Louis, MO, USA). Results
were expressed as μg/mL of culture or mg/g of tissue.
Animals and Treatments. Experimental protocols were approved

by the Tucumań National University Animal Care and Use
Institutional Committee (Tucumań, Argentina).
A total of 30 (25 day old) Yorkshire male pigs were randomly

distributed into 2 groups: a nontreated control group (n = 15) and a
probiotic-supplemented group (n = 15). Animals were housed five pigs
per pen (3 pens/treatment) under the same environmental conditions.
Each pen was 2.7 m2. To give the pigs comfort, a heated plastic mat
covered a part of the floor and a lamp (250 W) provided thermal
radiation. Room temperature was initially set at 27 °C and lowered
and maintained at 25 °C. During the trial (35 days), all pigs had free
access to tap water and to a commercial balanced diet (Nutriloma,
Buenos Aires, Argentina) (Table 1).

A mixed probiotic culture (1%, v/v each strain) was incubated
overnight at 37 °C. Cells were harvested by centrifugation (10 000g for
15 min), washed, and resuspended in sterile water to a final

concentration of 108 CFU/mL. Animals from the probiotic and
control groups were daily administered by gavage with bacteria
suspension and sterile water (3 mL), respectively.

At the end of the assay, 6 pigs (2 pigs/pen from each experimental
group), randomly selected, were slaughtered and whole Longissimus dorsi
muscles were vacuum packaged and frozen at −80 °C until analysis.

Meat Fatty Acid Analysis. Three samples of 3 cm diameter × 2.5 cm
thick (10 g aproximately), obtained from the center of Longissimus
dorsi muscle, were taken for each pig. Muscle samples were homogenized
with sterile saline solution (10 mL) in a laboratory blender (Stomacher
model 400, A.J. Seward Lab., London, England). Lipids were extracted
and analyzed as previously described.

Atherogenicity Index (AI). AI was calculated using the following
equation19

+ × +
+

[C12: 0 4 C14: 0 C16: 0]
MUFA PUFA (1)

where MUFA are monounsaturated fatty acids and PUFA are
polyunsaturated fatty acids.

Statistical Analysis. All samples were analyzed in triplicate.
Results were expressed as mean ± standard deviation (SD). Data were
statistically evaluated by analysis of variance (ANOVA; Minitab
Release 14 Statistical Software, 2003 Minitab Inc., State College, PA).
Differences were considered significant at p < 0.05.

■ RESULTS AND DISCUSSION
Bacterial CLA Production. Probiotic strains (single and

mixed culture) were able to grow in the presence of LA. These
results are in agreement with other authors, who observed no
negative effect of LA on bacterial development.16 Table 2

shows the fatty acid profile after bacteria incubation in LA-
supplemented MRS broth.
Microorganisms evaluated were able to conjugate LA. The

bacterial mix and L. amylovorus showed significantly higher
CLA production (p < 0.05) in the assayed conditions. The
highest CLA concentration produced by bacterial mix could
probably be due to a synergism between L. amylovorus and
E. faecium in coculture. These results are in agreement with other
authors, who observed better growth and a shorter generation
time in probiotic cocultures rather than in monocultures.20

There is also evidence that CLA production reached a maximum
level when ruminal bacteria are coculture.21

On the other hand, palmitic acid (16:0), stearic acid (18:0),
and linolenic acid (18:3) concentrations were significantly (p < 0.05)
lower in mixed culture incubated broth. Fatty acids can be
taken up from the medium and metabolized to other
compounds. Lactobacilli strains have complex mechanisms by

Table 1. Composition of Commercial Balanced Diet, As-Fed
Basis

ingredient g/kg

wheat 100.0
extruded corn 180.0
barley 215.7
soybean meal 93.0
extruded wheat 120.0
soy protein concentrate 60.0
full fat extruded soybeans 93.0
fat-filled sweet whey 30.0
sweet whey 80.0
salt 2.0
L-Thr98% 0.7
DL-Met 99% 0.9
L-Lys−HCl 99% 3.0
calcium carbonate 7.0
dicalcium phosphate 9.0
choline−HCl 50% 0.7
titamin 5.0

Table 2. Bacterial Fatty Acid Production in LA-
Supplemented MRS Brotha

strains

fatty acid E. faecium Rr38 L. amylovorus Rr31 mix

C16:0 56.65 ± 3.18 a 53.05 ± 5.30 a 32.05 ± 0.92 b
C18:0 29.65 ± 0.49 a 31.40 ± 0.85 a 11.05 ± 1.34 b
C18:1 83.20 ± 1.56 a 74.35 ± 5.87 a 64.75 ± 7.71 a
C18:2 46.85 ± 4.74 a 45.30 ± 4.67 a 41.40 ± 2.97 a
C18:3 10.90 ± 0.99 a 6.80 ± 0.42 b 3.60 ± 0.56 c
CLA (c9,t11) 2.25 ± 0.35 a 4.70 ± 0.56 b 5.30 ± 0.28 b

aResults are represented as mean ± SD and expressed as μg/mL.
Different letters in the same row indicate significant differences (p <
0.05). C16:0, palmitic acid; C18:0, stearic acid; C18:1, oleic acid;
C18:2, linoleic acid; C18:3, linolenic acid; CLA, conjugated linoleic
acid.
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which different fatty acids are converted into shorter, longer,
more saturated, or unsaturated fatty acids. There is evidence
that low levels of oleic acid (18:1) in culture medium resulted
in more lactobacillic acid and high levels resulted in higher
amounts of dihydrosterculic acid.22 Therefore, bacteria could
produce not only CLA, although conjugated linolenic acid
(CLNA), using C18:3 as substrate.23

A significantly higher concentration (p < 0.05) of linolenic
acid was produced by E. faecium Rr38 (Table 2). No CLA
production was observed in control media.
These results are in agreement with other authors, who

reported CLA production by LAB.16,24 Moreover, the presence
of LA isomerase enzyme in Lactobacillus, Bif idobacteria, and
Propionibacteria was demonstrated.24,25 Some authors proposed
CLA conversion as a detoxification mechanism to avoid the
inhibitory effect of fatty acids against microorganisms.26

Meat Fatty Acid Profile. After 35 days of probiotic
supplementation, the muscle (Longissimus dorsi) fatty acid
profile was analyzed (Table 3). Saturated fatty acids were

predominant in control and treated groups (521.2 and 468 mg/g,
respectively); however, their concentration was significantly
(p < 0.05) lower in the probiotic group. This fact is beneficial
for consumer health since several researches have demonstrated
a direct association between SFA ingestion and cardiovascular
disease incidence.27−30 A decrease of SFA percentage is
considered as beneficial because the main fatty acids related
to the cholesterol elevating effect are C14:0 and C16:0.31

The probiotic group meat showed higher monounsaturated
(MUFA) and polyunsaturated (PUFA) fatty acid contents,
with linoleic acid (C18:2) and CLA concentrations significantly

(p < 0.05) higher compared to the control group. MUFA:SFA
and PUFA:SFA ratios were significantly (p < 0.05) higher in
samples from the probiotic group compared to the control
group. These results could probably be due to the PUFA and
MUFA increased levels and SFA reduction observed (Table 3).
In addition, the PUFA:SFA ratio in the probiotic group meat
was relatively close to the recommended ratio of 0.4.32

The linoleic acid (C18:2 n-6) to linolenic acid (C18:3 n-3)
ratio should be approximately 5:1 to promote health and
minimize risk of cardiovascular diseases. Although the n-6:n-3
ratio of the present study is higher than that recommended for
human health, the probiotic group meat showed a significantly
(p < 0.05) lower n-6:n-3 ratio compared to the control group,
indicating an improvement in meat nutritional quality.

Atherogenicity Index. Represents the relationship be-
tween hypercholesterolemic and protective fatty acids.33 The
lower index values indicate a “healthier” fat composition. The
probiotic group meat showed a significantly (p < 0.05) lower
index value compared to the control group (Table 3). This
decrease is probably related to a significant (p < 0.05) SFA
diminution and an important increase in CLA content.
Pigs, as monogastric animals, store dietary fatty acids without

further modifications in tissues; therefore, nutrition plays an
important role related to meat quality.34 There is much
research reporting modifications on the meat fatty acid profile
by changes in animal nutrition.35−40

Many studies demonstrated a reduction on serum fatty levels
by probiotic administration to animals.41−44 However, there is
not enough information about the meat fatty acid profile after
beneficial bacteria supplementation.
Our results are the first evidence of an improvement in the

meat fatty acid profile after L. amylovorus and E. faecium
administration to postweaned pigs. On the other hand, it was
demonstrated that these probiotic bacteria are able to conjugate
CLA in vitro. Thus, the improved meat profile obtained could
be related to the conjugation ability of supplemented bacteria
or their influence on fatty acid metabolism in spite of the short
time of administration. Therefore, extending the duration of
probiotic feeding may lead to a higher modification on the meat
fatty acid profile.
L. amylovorus and E. faecium could be widely used to modify

the pig meat fatty acid profile, being an important alternative
treatment to provide CLA-enriched products for human
consumption.
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Table 3. Meat Fatty Acid Profile and AI in Control and
Probiotic Groupa

fatty acid control group probiotic group

C12:0 10.65 ± 0.80 a 10.15 ± 1.60 a
C14:0 193.80 ± 17.70 a 116.90 ± 19.20 b
C15:0 16.60 ± 3.60 a 16.90 ± 3.10 a
C16:0 198.90 ± 8.10 a 213.30 ± 24.60 a
C16:1 10.60 ± 1.00 a 12.00 ± 0.50 a
C18:0 111.90 ± 14.70 a 120.90 ± 16.10 a
C18:1 (cis 9) 298.10 ± 10.90 a 314.30 ± 12.90 a
C18:1 (trans 11) 24.10 ± 6.10a 23.40 ± 2.50 a
C18:2 n-6 131.70 ± 10.20 a 150.20 ± 14.20 a
C18:3 n-3 5.90 ± 3.40 a 14.70 ± 1.50 b
cis-9,trans-11 CLA 3.60 ± 0.80 a 9.80 ± 0.40 b
SFA 521.20 ± 11.00 a 468.00 ± 15.70 b
MUFA 332.80 ± 6.00 a 349.70 ± 5.30 b
PUFA 141.20 ± 4.80 a 174.70 ± 5.40 b
MUFA:SFA 0.64 ± 0.01 a 0.75 ± 0.01 b
MUFA:PUFA 2.36 ± 0.05 a 2.00 ± 0.04 b
PUFA:SFA 0.27 ± 0.01 a 0.37 ± 0.01 b
n-6:n-3 31.93 ± 23.60 a 10.23 ± 0.11 b
AI 2.08 ± 0.07 a 1.32 ± 0.17 b

aResults are represented as mean ± SD and expressed as mg/g.
Different letters in the same row indicate significant differences
(p < 0.05). C12:0, lauric acid; C14:0, miristic acid; C15:0, pentadecylic
acid; C16:0, palmitic acid; C16:1, palmitoleic acid; C18:0, stearic acid;
C18:1, oleic acid; C18:2, linoleic acid; C18:3, linolenic acid; CLA,
conjugated linoleic acid; SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; AI,
atherogenicity index.
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■ ABBREVIATIONS USED
CLA, conjugated linoleic acid; LA, linoleic acid; LAB, lactic acid
bacteria; GC, gaseous chromatography; FAME, fatty acid
methyl esters; AI, atherogenicity index; SD, standard deviation;
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; SFA, saturated fatty acids.
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