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Abstract

Lignans, found throughout the plant kingdom, are complex diphenolic chemicals that act as phytoestrogens. The
main lignan component in sesame flour is sesaminol triglucoside (STG). In vivo, STG is converted into antioxidant
sesaminol, mammalian lignans enterodiol, and enterolactone. Thus, use of antibiotics may impact the conversion
of lignans to enterolactone. The present study investigated the metabolism of STG by microorganisms in swine-
fed diets supplemented with either probiotics or antibiotics. It was observed that microorganisms from swine-
fed probiotics helped with hydrolyzing the glucose unit of STG and generated metabolite 2-hydroxymethyl
sesaminol-tetrahydrofuran (ST-2) as compared to antibiotic diet. It was also observed that bacteria that converted
sesaminol to ST-2 were oxygen-sensitive and it was hypothesized that these were anaerobes. While Lactobacillus
and Bifidobacterium were more prevalent in probiotic-fed swine feces, both groups of swine had a healthy mix
of helpful and detrimental bacteria. All selective investigated microorganisms (Lactobacillus, Bifidobacterium,
and Clostridium perfringens) could hydrolyze the glucose unit of STG; however, lactic acid bacteria contributed
least. In conclusion, the bacteria found in the feces of swine-fed probiotics had a greater ability to digest STG. It
can be concluded that the biotransformation of STG could be attributable to anaerobes, but Lactobacillus and
Bifidobacterium could balance intestinal flora.
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Introduction

Sesame (Sesamum indicum L.), a traditional health food
in Asian nations, has been recognized for long as a sig-
nificant oilseed across the world. Sesame lignans, such as
sesamin, sesaminol, and sesamolin, with bioactive prop-
erties are significant components of sesame oil and share
a methylenedioxyphenyl group as well as various in vivo
functions. (Kamal-Eldin et al., 2011). Although sesame oil
meal contains a high concentration of linoleic acid, both
selenium and vitamin E protect unsaturated fatty acids

from oxidation in animal milk fatty acids (Mitsiopoulou
et al., 2021). The major lignans (sesamin and sesamolin)
are benzodioxol—-substituted furofurans. Transformation
products found in processed goods include sesamol,
sesaminol, its epimers, and episesamin (Andargie et al.,
2021). Lignans are important plants formed by the
coupling of two methylenedioxyphenyl with extraor-
dinary biological properties that help in plant defense
and provide health advantages to humans, including
modulation of fatty acid metabolism, inhibition of cho-
lesterol absorption, and biosynthesis, antioxidant, and
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vitamin E-sparing effects, hypotensive effect, improve-
ment of liver function in relation to alcohol metabolism,
and anti-aging effect (Chhillar et al., 2021). However, the
maximum content found in sesame is that of sesaminol
triglucoside (STG), which is transformed into enterolig-
nans with higher physiological activity after metabolism
by microorganisms in the intestines of organisms.

Many investigations have revealed that these phytoestro-
gens can be converted by gut bacteria into compounds
with altered bioactivity via new enzymatic processes.
Recent research has also suggested that these metabo-
lites may influence the host gut ecology, gene expression,
metabolism, and immune system. Isolating gut microbes
capable of biotransforming phytoestrogens and charac-
terizing the novel enzymatic reactions involved are thus
essential for understanding the mechanisms of beneficial
effects brought by gut microbiota and their metabolism on
phytoestrogens as well as providing theoretical knowledge
for the development of functional probiotics (Hameed
et al., 2020). Some lignans, known as ‘phytoestrogen’ lig-
nans, are transformed by the human gut microbiota into
the mammalian lignans (enterodiol and enterolactone)
upon intake. These mammalian lignans having chemo-
preventive effects against different malignancies (such as
breast, colon, and prostate cancers) and/or cardiovascu-
lar diseases have been widely characterized and studied
(Hano et al., 2021; Rietjens et al., 2017).

Bacteria in the gut perform essential metabolic and phys-
iological functions and have a significant influence on the
nutritional and health status of the host. The metabolic
activity of the intestinal microflora aids in digestion and
absorption of food components as well as transforma-
tion of various microorganisms (Gavahian et al., 2019).
Composition of the gut microflora population is influ-
enced by both endogenous and external causes. Food
is believed to be the most significant driver of gut bac-
terial diversity among these factors, which may impact
the host’s functional relationships with the bacteria
(Ley et al., 2008). Dietary components are also import-
ant in basic nutrition, resulting in the creation of func-
tional food ideas and nutrition. Hydrolysis of glucosides,
demethylation of methoxy groups, oxidation of dibenz-
ylbutanediol to dibenzyl butyrolactone, and reductive
cleavage of furanfuran rings contribute to the alteration
of STQG in the intestinal microflora (Jan et al., 2010). The
modification of STG by intestinal bacteria would result
in the synthesis of many metabolites, composition of
which is greatly regulated by the makeup of intestinal
microbiota (Jan et al, 2009a). Furthermore, depend-
ing on their chemical structure and quantity, STG and
its metabolites can function as activators or inhibitors
of bacterial growth in the gut, changing the makeup of
intestinal microflora. STG is a big, highly water-soluble
molecule that historically has been thought as less likely

to be absorbed in the gastrointestinal system. Previous
research has demonstrated that only a portion of dietary
STG is absorbed, processed, and subsequently trans-
ferred to other organs (Jan et al., 2009b, 2011). STG and
its metabolites, on the other hand, remain in the gut,
suggesting that they may play an important role in main-
taining composition and health of intestinal microbiota.
Previous research has found that some gut bacteria, such
as Bacteroides, Clostridium, Bacillus, and Lactobacillus,
are responsible for the metabolism of dietary lignans
(Clavel et al., 2006). More than one species is thought to
be capable of converting plant lignans in vivo (Woting
et al., 2010). To the best of our knowledge, the majority
of STG research has been on its metabolism, distribu-
tion, and excretion in mice as well as transformation by
gut microorganisms (Jan et al., 2009b, 2010; Liao et al.,
2010). In this sense, incorporation of probiotics in food
and feed attracted the attention of researchers, because
such an approach can inhibit food intoxification, improve
organoleptical properties, and enhance nutritional qual-
ity (Alizadeh et al., 2020; Mokhtarian et al., 2020; Wang
et al., 2021). The intestine is home to a diverse microbial
community organized around a web of metabolic inter-
connections. The gut microbiota is now recognized as
critical for normal human growth and function, particu-
larly for the priming and maturation of adaptive immune
system. Use of antibiotic has been linked with reduction
in species diversity, altered metabolic activity, and selec-
tion of antibiotic-resistant microbes in the gut microbi-
ota (Ramirez et al., 2020). Moreover, some antibiotics
can also act positively on gut microbiota, providing the
so-called ‘eubiotic’ effect, by increasing abundance of
beneficial bacteria (Ianiro et al., 2016). Increase in the use
of antibiotics in recent years suggests that these problems
are likely to become more acute or more prevalent in the
future.

There is little information on STG in vitro fermentation
and its impact on gut flora. For example, Zhu et al. (2013)
found that STG substantially increased the numbers of
Lactobacillus—Enterococcus and  Bifidobacterium—in
in vitro fermentation using human fecal microbiota, but
it did not promote the bacterial growth of Eubacterium
rectale—Clostridium coccoides, Clostridium histolyticum,
or Bacteroides—Prevotella. Similarly, Jan et al. (2009a)
reported that STG is converted to a catechol moiety by
gut bacteria. ST-2 and mammalian lignans were identi-
fied as the main STG metabolites. However, no report
in the scientific database has assessed lactic acid bacte-
ria or the effects of anaerobic bacteria on sesame lignans
and mammalian lignans. As a result, we investigated the
impact of dietary intervention on gut microbiota. We dis-
covered that the bioavailability of probiotics and antibiot-
ics in meals influences gut microbiota. The relationship
between microbiota and nutritional makeup of food, as
well as implications of these interactions on swine health,
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is the subject of this research. The primary goal of this
study was to assess the effects of sesame STG on fermen-
tation by swine fecal bacteria (probiotic diet vs. antibi-
otic diet). In vitro fermentation was then used to assess
the impact of STG on gut microbiota and enterolignan
synthesis. This study aims to analyze: (1) effect of dietary
antibiotics and lactic acid bacteria on intestinal flora and
(2) effect of dietary antibiotics and lactic acid bacteria on
the conversion of STG to sesaminol and ST-2.

Material and Methods

Materials and Reagents

XAD-2 gel was purchased from Aldrich (Milwaukee, W1,
USA). Triple deionized water (Millipore, Bedford, MA,
USA) was used for all preparations. Liquid chromato-
graphic grade solvents were obtained from Mallinckrodt
Baker (Phillipsburg, NJ, USA). The rest of the used
chemicals were of analytical grade. In order to incu-
bate and identify the species, Rogosa Agar, MRS Broth,
Tryptose-sulfite-D-cycloserine agar, and reinforced clos-
tridial media (Darmstadt, Germany) were employed.
ChromaDex acquired enterolactone and enterodiol with
a purity of 95% (Santa Ana, CA). Sesaminol, sesaminol
triglucoside, and the major metabolite 2-episesaminol
and R,R-hydroxymethyl sesaminol-tetrahydrofuran were
collected and purified in the manner described previ-
ously (Jan et al., 2009a).

Animals and treatments

Pigs (Landrace, Yorkshire, and Duroc [LYD] cross pigs) and
treatments protocol was authorized, and its implementation
was supervised by the Animal Welfare Officer. Crossbred
female pigs, 6-month old and weighing 115 + 4 kg (means +
standard error of mean [SEM]) were kept in separate boxes
with tiled floors and walls without litter. Three pigs (n = 3)
were brought up, each on probiotic and antibiotic diets.
All animals were in good condition and were neither given
any medicine for 2 weeks before the research nor through-
out it. The component makeup of probiotic (1.5 x 10!
colony-forming units [CFU]/g, including 50% Lactobacillus
ATCC4356/ATCC7469/ATCC11842/ATCC1491 and 50%
Bifidobacterium ATCC15700/ATCC15697) and antibiotic
diets provided to animals is provided in Table 1. Neither
diet contained any measurable levels of STG chemicals
examined in this investigation.

In Vitro Fermentation System

In the current in vitro fermentation investigation, the
feces were quickly suspended in a sterile anaerobic salt

Table 1. Ingredient composition of diets fed to pigs.

Ingredient Blank Probiotic Antibiotic
(9/100 g diet) diet diet diet
Corn 75 75 75
Soybean meal 15 15 15
Probiotics 4 4 4
Phosphate 0.6 0.6 0.6
CaCo, 1.2 1.2 1.2
NaCl 0.5 0.5 0.5
Mineral 0.1 0.1 0.1
Choline 0.1 0.1 0.1
Probiotics 0.0 2.4 %1073 0.0
Nosiheptide 0.0 0.0 25x10°

“Probiotics contained 50% Lactobacillus and 50% Bifidobacterium.

medium under a continuous flow of CO, gas, yielding
final fecal slurry of 200 g of feces/L, as described by Jensen
et al. (1995). The filter-sterilized cysteine was added to
the cooled anaerobic salt medium after the sterile anaer-
obic salt medium was autoclaved and chilled under
high-purity nitrogen. Fresh feces were taken directly
from each pig, weighed, and promptly put into a weak
solution of peptone saline to determine bacteria in feces.
The slurry was magnetically agitated and kept anoxic by
sparging with high-purity nitrogen gas. At 0, 3, 6, 9, 20,
31, 51, 72, 120, and 168 h, 10 mL of samples (14 mg/mL
sesaminol triglucoside) were aseptically taken from the
fermenter for STG metabolite analyses. All samples were
kept at 20°C until they were analyzed. In order to collect
the corresponding fermenting microbial flora, fresh feces
were obtained straight from the rectum of pigs fed with
probiotic and antibiotic diets. Bifidobacterium spp. were
counted using Bifidobacteria iodoacetate medium agar
(Munoa and Pares, 1988), while Clostridium perfringens
were counted using tryptose-sulfite-D-cycloserine agar
(Oxoid, Nepean, ON, Canada) (Harmon et al, 1971).
Bifidobacteria iodoacetate medium and tryptose-sul-
fite-D-cycloserine agar were grown anaerobically for 72 h
at 37°C in an environment of 5% CO, and 7% H, in N,.
The findings were presented as log CFU/g feces.

For analyses, 0.5 g of the inner part of a fecal sample (to
retrieve anaerobic material) was mixed considerably with
15 mL of anaerobic solution, followed by serial dilutions
to acquire different concentrations (10-'-10-% ). Starting
from the lowest concentration, 50 pL of solution was
inoculated on different media using the spread plate
method. For incubating Clostridium perfringens, 1 mL of
solutions with suitable concentrations, determined by the
result of a pre-experiment, was mixed considerably with
TSC agar medium using the pour plate method, followed
by mixing with the regular TSC medium.
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The plate was put in an anaerobic room once the liquid
media was solidified. Plates containing 30—300 colonies
were included in the colony count. The number of bacte-
ria was expressed as log CFU/g of feces moist weight. The
following calculation equations were based on the US
Food and Drug Administration’s (FDA) Bacteriological
Analytical Manual (BAM): Bifidobacterium spp.,
Lactobacillus spp., Coliform organisms, and total anaer-
obic organisms (Christensen et al., 1999).

Analysis and characterization of sesaminol triglucoside
and its metabolites by LC-MS/MS

Sesaminol metabolites were identified using liquid
chromatography with tandem mass spectrometry
(LC-MS-MS) with a Thermo high-performance liquid
chromatography (HPLC) system equipped with an
electrospray ionization ion trap mass spectrometer
(Thermo Scientific hybrid quadrupole-Orbitrap mass
spectrometers, San Jose, CA, USA). YMC Hydrosphere
C18 column (YMC, Tokyo, Japan) was used for sepa-
ration. The solvents for elution were 100% methanol
(solvent A) and 1% acetic acid, pH 6 (solvent B). The elu-
tion program of swine feces at a flow rate of 0.3 mL/min
was as follows: 0—15 min, linear gradient from 40-70% A;
15-25 min, linear gradient from 70-100% A. Peaks were
detected with an ultraviolet/visible light (UV-Vis) detec-
tor at 290 nm. The following electrospray ionization (ESI)
parameters were used for analyses: spray voltage, 3,500 V
for negative (or positive) mode; CE-Inject voltage, 3.8 kV;
DE-Inject voltage, 40 V; sheath gas flow rate, 10 au; capil-
lary temperature, 320°C; and Z-lens voltage, 230 V.

The collision-activated dissociation of selected precursor
ions in the collision cell of Orbitrap mass spectrometer
resulted in MS/MS product ions, the mass of which was
determined using the instrument’s second analyzer. For
each study, selected reaction monitoring was utilized
to monitor three transitions: sesaminol [M—H]~ m/z
369.10—340.1; hydroxymethyl sesaminol-tetrahydrofu-
ran [M—H]~ m/z 359.35—221.11; and sesaminol trigly-
coside [M+Na]* m/z 879.25—359.11. The xcalibur data
acquisition software, version 4.0, was used to process
all LC-MS/MS data. A prior study established and vali-
dated analytical techniques for detecting STG and its
metabolites (sesaminol and hydroxymethyl sesaminol-
tetrahydrofuran) in swine feces (Jan et al., 2011). In the
concentration range of 0.5-20.0 g/mL, coefficients of vari-
ation of interday and intraday tests were <5%. The lower
limits of quantification for sesaminol, hydroxymethyl
sesaminol-tetrahydrofuran, enterolactone, and enterodiol
were 0.2, 0.3, 0.1, and 0.3 g/mL, while the limits of detec-
tion were 0.05, 0.07, 0.03, and 0.04 g/mL respectively.
This trial was partially completed at National Pingtung
University of Science and Technology.

Method validation

The linearity, accuracy, and precision of the method were
tested. Methanol was used to make an internal stan-
dard stock solution of hesperetin (1 mg/mL). Standard
ST-2, sesaminol, and sesaminol triglucoside solutions of
0.02-25.0 lg/mL were produced by successive dilutions
from stock solution to test linearity. A linear least-square
regression equation generated from the peak area was
used to create standard curve. The interday and intraday
variability of the technique was tested at seven concen-
trations on the same day (six replications) as well as on
six subsequent days. The precision evaluation by rela-
tive standard deviation (RSD) was calculated from the
observed concentration (C, ) as follows: %RSD = [SD/
(C,)] x 100. The accuracy (bias%) was evaluated by
calculating nominal concentration (C_ ) and mean value
of the observed concentration by the following equation:
bias (%) = [(C_, . —C__)/C_ ] x 100.

obs nom nomj|

Statistical analysis

All samples (during in vitro fermentation period) were
extracted in triplicate. Sesaminol triglycoside and its
metabolites were expressed in pmol/mL feces. Data were
analyzed by ANOVA analysis of variance, and differences
were considered statistically significant at P < 0.05.

Results and Discussion

Determination of sesaminol triglucoside and its
metabolites

Sesame seeds contain 224—1148 mg/100 g lignans, depict-
ing that it is a good source of lignan comparable to flax-
seed. STG consumption per capita is estimated as 6-22
mg/day (Tufail et al., 2020). As a result, although being
a small component of daily diet, STG makes a signifi-
cant contribution to the preservation of human intestinal
microbiota and production of enterolignans. The LC-MS/
MS was used to determine STG and its metabolites. The
chromatograms reveal that STG was primarily present
as enterolignans in the feces of pigs fed with the blank
diet (standard swine feed without additional probiotics
or antibiotics; Table 2). STG, sesaminol, and ST-2 were
also discovered. LC-MS/MS was used to characterize
structures of enterolignan. A complete scan in negative
ion mode (scan range from 50 to 1,000 m/z) was utilized
to identify analyte for analytical condition of sesaminol
triglucoside. Table 2 displays parent ion and fragment
ions of sesaminol triglucoside and its metabolites (sesa-
minol and ST-2) in swine feces. An analytical technique
was devised to examine the metabolism of enterolignans.
Owing to intricacies of enterolignans’ LC-MS/MS profile
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(Figure 1), a more sensitive selected reaction monitoring
(SRM) mass spectrometry MS technique was utilized to
conduct their studies. Intra- and inter-assay (Tables 3, 4,
and 5) accuracy of STG, sesaminol, and ST-2 levels fell
well within predefined limits of acceptability. All bias

Table 2. LC-MS-MS detection of sesaminol triglucoside and its
metabolites in swine feces.

(%) and RSD values were within £15% limits. The in vivo
accuracy of STG and its metabolites indicates that this
method is sufficiently sensitive to measure STG and its
metabolites in swine feces for this study.

Microbiota may convert lignans from various cereals into
enterolignans (enterodiol and enterolactone). Further
metabolism of the furan ring, demethylation, and dehy-
droxylation of intermediate metabolites, similar to STG,

Metabolite  LC-MS-MS ) Fragment ions, negatively might be carried out by intestinal microbiota. As a result,
parent ion selection _or positively charged blank of fermentation broths identified STG-metabolized
Sesaminol 87925 [M+ Na]* 717 20. 509.15. 347 09 sesaminol and ST-2. Under the same operational cir-
triglucoside ' 3110 cumstances, samples from blank probiotic and antibi-
Sesaminol  369.10 [M-H] 340.10. 339.09. 311.09 otic diets added STG to ferment. The results reveal that
219.07: 177.02 7 sesaminol and ST-2 were found in fecal samples of pigs
ST-2 350.35 [MH]" 311.15. 221.11. 203.24 fed with both probiotic and antibiotic diets (Figure 1).
191.31 Enterolignans were metabolized probably from a feed
mixture of maize and soybean (Pealvo et al., 2005).
(A)
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Figure 1. HPLC chromatogram of fermented solution from swine feces. (A) Feces of probiotic group and (B) feces of antibiotic

group (1: 2-hydroxymethyl sesaminol-tetrahydrofuran (ST2); 2: sesaminol triglycoside (STG); 3: internal standard; 4: sesaminol.
a: feces with phosphate buffer solution (PBS); b: feces with STG; c: standard containing ST-2, STG, hesperetin, and sesaminol).
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Table 3. Intraday and interday precision and accuracy of the LC-MS-MS method for determination of total form of STG in swine feces.

Nominal conc. Intraday Interday
(wg/mL) Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(pg/mL) (% CV) (% bias) (pg/mL) (% CV) (% bias)
25 25.310.01 0.048 1.059 25210.15 0.589 0.641
12.5 11.9+0.13 1.114 -4.732 12.2£0.07 0.569 -2.75
6.25 6.01£0.04 0.592 -3.273 6.16 £ 0.10 1.647 -1.402
3.13 3.12 £0.02 0.601 -0.212 3.14 £0.04 1.425 0.471
1.56 1.58 £ 0.03 1.678 0.804 1.60 £ 0.04 2.655 2.701
0.78 0.80 £ 0.002 0.277 2.251 0.77 £0.02 2.643 -1.725
0.39 0.39 £ 0.0003 0.087 -1.166 0.40 £ 0.02 4.470 3.669
0.20 0.2 +0.0002 0.101 1.480 0.20 £ 0.002 0.787 1.992

Data are expressed as mean + SD (n = 6).

Table 4. Intraday and interday precision and accuracy of the LC-MS-MS method for determination of total form of sesaminol in swine feces.

Nominal conc. Intraday Interday
(ug/mL) Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(ng/mL) (% CV) (% bias) (ng/mL) (% CV) (% bias)
25 248 +0.10 0.106 0.429 242+0.23 0.965 -3.142
12.5 12.8 £ 0.04 0.339 3.122 12.6 £ 0.07 0.558 1.011
6.25 6.34 + 0.07 1.154 1.450 6.13 + 0.06 0.969 -1.955
313 3.02 + 0.06 1.833 -3.333 3.11+0.03 0.896 -0.454
1.56 1.58 £ 0.01 0.716 0.807 1.60 £ 0.02 1.431 2210
0.78 0.75 + 0.02 2.001 -3.722 0.80 + 0.02 2.958 2.391
0.39 0.38 £ 0.004 1.107 -2.820 0.39 £ 0.004 1.203 0.415
0.20 0.2 £ 0.004 2.231 -0.168 0.19 £ 0.004 2.075 —4.242

Data are expressed as mean + SD (n = 6).

Table 5. Intraday and interday precision and accuracy of the LC-MS-MS method for determination of total form of ST-2 in swine feces.

Nominal conc. Intraday Interday
(wg/mL) Observed conc. Precision Accuracy Observed conc. Precision Accuracy
(pg/mL) (% CV) (% bias) (pg/mL) (% CV) (% bias)
25 25.0+0.10 0.401 0.029 25.0 £0.08 0.334 0.004
12.5 12.5+0.02 0.121 -0.067 12.5+0.10 0.803 0.081
6.25 6.25 £ 0.004 0.056 0.059 6.23+0.21 0.346 -0.253
3.13 3.13 £ 0.004 0.129 0.042 3.11£0.02 0.506 -0.289
1.56 1.59 £ 0.05 2.854 1.723 1.57 £ 0.01 0.911 0.768
0.78 0.80 £ 0.009 1.067 2.872 0.81£0.003 0.426 3.873
0.39 0.40 £ 0.004 0.992 3.595 0.37 £ 0.005 1.386 —4.182
0.20 0.19 £ 0.001 0.669 -2.935 0.20 £ 0.001 0.460 2.009

Data are expressed as mean + SD (n = 6).
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Effect of sesaminol triglucoside on swine intestinal
microbiota

Table 6 shows changes in bacterial populations that
occurred during the in vitro fermentation of STG at 12 h.
Lactobacillus and Bifidobacterium counts were substan-
tially higher in probiotic-fed swine feces than in antibi-
otic diet samples. Lactic acid bacteria counts were higher
in probiotic diet samples whereas counts of Clostridium
perfringens were higher in antibiotic diet samples, albeit
neither difference was statistically significant. These find-
ings suggest that a probiotic diet may enhance the growth
of Lactobacillus and Bifidobacterium, compared to anti-
biotic diet. STG substantially increased the populations
of Lactobacillus—Enterococcus and Bifidobacterium
during in vitro fermentation with fecal microbiota, but it
did not promote the development of Clostridium histo-
lyticum, Eubacterium rectale—Clostridium coccoides, or
Bacteroides—Prevotella (Zhu et al., 2013).

Table 6. Quantification of microorganisms from swine feces
cultured with STG at 12 h.

Figure 2 depicts changes in bacterial populations that
occurred during STG fermentation in probiotic diet
samples. Although Lactobacillus and Bifidobacterium
populations were substantially greater than Clostridium
perfringens’ populations when fermentation commenced,
these dropped somewhat over time. Lactic acid bacteria
grew slightly after 3, 12, and 24 h of fermentation but
dramatically reduced between 72 and 168 h (Figure 2).
After a brief decline at 12 h, the Clostridium perfringens’
population rebounded and was considerably higher after
fermentation period than at the beginning. The num-
bers converged with similar amounts of all four species
of bacteria toward the conclusion of 120-h fermentation.

Effect of sesaminol triglucoside on metabolites
production

Sesaminol is a crucial molecule generated during the fer-
mentation process through deglycosylation route. During
fermentation, STG is quickly transformed into sesaminol
by microorganisms in the swine intestinal system. High
numbers of Lactobacillus and Bifidobacterium may have
increased sesaminol in the early stages of fermentation.
Following this, a decrease in sesaminol concentration
was observed between 31 h and 168 h. This correlates to
an increase in ST-2 concentration as well as an increase
in Clostridium perfringens’ population (Figure 2), indicat-
ing that this bacterium could play a role in the dynamics
of these metabolites. After 6 h of fermentation, we dis-
covered that just a little amount of STG (0.6% probiotic
diet and 4.4% antibiotic diet) remained in the medium
(Figure 3). STG vanished between 31 h and 51 h of fer-
mentation. The concentration of metabolite sesaminol

Microorganisms Log (CFUIg feces)
Antibiotic-fed Probiotic-fed
swine swine
Lactobacillus 8.96+0.13 9.37 + 0.40*
Bifidobacterium 8.67+0.15 9.36 £ 0.41**
Lactic acid bacteria 9.21+0.16 9.52 £ 0.42
Clostridium perfringens 6.58 £ 0.20 6.10 £ 0.69
‘P<0.05 "P<0.01.
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Figure 2.
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Quantification of microorganisms in the feces of swine fed with probiotic diet over a time course of STG fermentation.
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Figure 3.
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rose substantially in both treatments. The amount of ses-
aminol was higher than that of STG after 6 h of fermen-
tation, and the maximum production of sesaminol was
recorded between 9 h and 72 h of fermentation. While
synthesis of sesaminol rose considerably, molar propor-
tions were seen to grow initially and reach maximum at
9-51 h but declined progressively after that. Sesaminol
content was higher in antibiotic-fed swine samples than
in probiotic-fed pigs at 9 and 20 h of fermentation. The
increased synthesis of sesaminol is related to the met-
abolic activities of Bifidobacterium and Lactobacillus.
Presence of deglycosylation, as indicated by deglyco-
sylated sesaminol discovered here, is consistent with the
metabolic activity of potentially helpful Bifidobacterium
and Lactobacillus bacteria. During the same fermenta-
tion period, the samples from antibiotic diet-fed swine
generated more sesaminol than the samples from pro-
biotic diet-fed swine, as shown in Figure 3. However,
for both treatments, the molar percentage of STG fell
significantly during the first 20 h of fermentation; how-
ever, the molar proportions of sesaminol and ST-2 rose
significantly (Figure 3). ST-2 was identified for the first
time after 6 h of fermentation and grew throughout rest
of the period. Levels of ST-2 were substantially higher in
probiotic samples than in antibiotic samples. Synthesis of
ST-2 at a later stage suggests that it may be connected
to the transformation of other bacterial metabolites pro-
duced during fermentation or changes in bacterial popu-
lations. Sesaminol levels were high in both groups after
3 h. Although the amount of sesaminol in antibiotic diet
was higher than in probiotic diet at 3 h and was equal
at 6 h, levels in antibiotic diet were considerably higher
throughout the fermentation.

The findings demonstrated that the biotransformation
of STG to mammalian lignans by intestinal microbiota
involved the following four types of reactions: lignan
glucoside hydrolysis, methoxy group demethylation,
oxidation of dibenzylbutanediol to dibenzylbutyrolac-
tone, and reductive cleavage of furofuran rings (Jan
et al., 2010; Landete, 2012; Suja et al., 2005; Zhu et al.,
2013). When it comes to describing the health advan-
tages of dietary components, it is crucial to distinguish
between content and bioavailability (i.e., the fraction
that is eventually absorbed and available for physiologi-
cal functions or deposition), because greater the amount
of chemical available, greater the quantity engaged in
biological processes (Rodriguez-Concepcion et al., 2018).
It is crucial to note at this point that absorption of lipo-
philic chemicals (carotenoids) requires their release from
the matrix, and because they cannot dissolve in aque-
ous environments, they must be integrated into mixed
micelles. These, which require the formation of lipids
and bile components, can be taken up by the apical sur-
face of enterocytes, from which lipophilic substances can
be finally absorbed, that is, integrated into circulation

(Meléndez-Martinez et al., 2017). Microbiota metabo-
lites of sesame lignans are more absorbed in the gut, and
enterohepatic circulation guarantees that duration of stay
of metabolites in plasma is longer than that of their par-
ent components. Finally, metabolites are eliminated in
urine (Jan et al., 2011). Previous research investigated the
variety and occurrence of lignan-transforming gut bac-
teria using in vitro culture-based tests. Several publica-
tions have proved the production of enterolignans by rat
intestinal microbiota (Hung et al., 2016) and human fecal
microbiota (Zhu et al., 2013). We discovered that feces
of probiotic-fed pigs had a lower pH than that of anti-
biotic-fed swine, implying another health advantage of
probiotic intake. In the current investigation, we discov-
ered that STG content was higher in fecal samples of pigs
offered antibiotic diet than those administered probiotic
diet at 3 and 6 h of fermentation. Furthermore, sesami-
nol concentrations increased considerably in both groups
toward the end of fermentation. STG was critical in stim-
ulating the development of lactic acid bacteria during
the early stages of fermentation. However, the amount of
ST2 production was very low, which further affected the
amount of enterodiol production. However, sesaminol
was also active physiologically in swine intestinal micro-
biota. These findings imply that intestinal microbiota in
humans, mice, and pigs are very different, and that swine
intestinal bacteria are unable to convert plant lignin to
mammalian lignans. Perhaps this is the best explanation
for the above-mentioned changes in swine intestinal bac-
teria and sesame metabolites that occur during fermen-
tation. STG metabolism provided more evidence for the
role of swine gut bacteria in maintenance of organism’s
health.

Conclusion

The in vitro transformation of sesaminol triglucoside to
enterolignan was demonstrated by utilizing a specified
mixed culture of bacteria. The metabolism by micro-
organisms is a key step to metabolize lignans, and the
intake of antibiotics affects the conversions of lignans to
enterolactone. This study has established that probiotic
swine microorganisms can readily hydrolize the glu-
cose unit of STG and get more ST-2 metabolite than the
antibiotic group. The study also discovered that micro-
organisms that converted sesaminol to ST-2 were sensi-
tive to oxygen, and might be absolute anaerobes. On the
other hand, probiotic swine feces had more Lactobacilus
and Bifidobacterium and both groups had a great bal-
ance of good and bad microorganisms. All selective
microorganisms, Lactobacillus, Bifidobacterium, lac-
tic acid bacteria, and Clostridium, hydrolized the glu-
cose unit of STG, but the contribution of lactic acid
bacteria was less. In conclusion, changes in diet affect
intestinal microorganisms, and therefore alter the

Quality Assurance and Safety of Crops & Foods 14 (3)

27



Jan K-C et al.

metabolism of STG. Microorganisms present in anti-
biotic swine feces have stronger capacity to metabolize
STG. Biotransformation of STG could be due to pres-
ence of other microorganisms in feces and not because
of Lactobacillus and Bifidobacterium. Diet significantly
affects intestinal environment, influencing the makeup
of intestinal microbiota and perhaps its functional
effects on mammalian lignans. These findings offered
more evidence for the relevance of animal gut bacteria
in the bioactivity of STG and its metabolites in mainte-
nance of animal health.
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