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Background: Bletilla striata is one of the commonly used traditional Chinese
medicine. B. striata polysaccharides (BP) and oligosaccharides (BO) are one of
the main components of B. striata, which have been proved to have a variety of
biological activities. However, the digestion and fermentation characteristics of BP
and BO are still unclear.

Methods: The study evaluated different prebiotic effects of BP and BO by in vitro
simulating digestion and gut microbiota fermentation.

Results: The results show that the simulating saliva partly degraded BP, but had no
effect on BO. The molecular weights of BP and BO remained basically unchanged
in gastric and intestinal digestion. In addition, BP and BO could be rapidly degraded
and utilized by gut microbiota. During in vitro fermentation, the growth rates of the
BP and BO groups were higher than that of the Control group and the pH value and
total carbohydrate content in BP group and BO group decreased significantly.
Although the reducing sugar level in the BO group decreased rapidly, it remained at
a low level in the BP group. Both BP and BO improved the composition and
structure of gut microbiota, indicative of the upregulated abundances of
Streptococcus and Veillonella, and the downregulated populations of
Escherichia and Bacteroides. There were differences in the SCFA production by
gut microbiota and antioxidant activities between the BP and BO groups. The
fermentation broth of the BP group displayed a stronger suppression of O,-, but a
higher scavenging effect on DPPH for the BO group.

Conclusions: BP and BO displayed different digestion and fermentation
characteristics in vitro due to their distinct polymerization degrees. The study
point towards the potential of BP and BO as prebiotics in the application to human
diseases by selectively regulating gut microbiota in the future.
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1 Introduction

Bletilla striata is a perennial herb of the genus Bletilla in
Orchidaceae, and its dry tubers are commonly used in traditional
Chinese medicine (He et al, 2017). About 261 compounds have
been isolated from B. striata, mainly including benzenes,
dihydrophenanthrene, diphenyl phenanthrene, phenanthrene,
triterpenoids, and polysaccharides (Xu D. et al., 2019). Among
them, B. striata polysaccharide (BP) is one of the main medicinal
components of B. striata, and its content in dried tubers can reach up
to 60% (Peng et al, 2014; Xu D. et al, 2019). BP is a neutral
heteropolysaccharide mainly composed of glucose and mannose
(Chen et al, 2021; Zhai et al, 2021). So far, BP has been widely
used in the food and pharmaceutical industry as a thickener,
lubricant, moisturizer, and emulsifier for its unique viscosity and
self-degradability (Ji et al., 2020). In previous studies, BP displayed a
variety of biological activities, such as promoting coagulation, anti-
inflammation, anti-virus, anti-tumor, and anti-oxidation (Chen Z.
et al., 2018; Lai et al., 2018; Liu et al., 2019; Zhang et al., 2019a; Zhang
et al., 2019b; Zhai et al., 2021).

Gut microbiota refers to all the microbial communities in the
intestine, with a total number of cells above 10'*. Firmicutes and
Bacteroidetes are the main components of human gut microbiota
(Lynch and Pedersen, 2016). As a kind of organic substance,
prebiotics cannot be digested and absorbed by the human body.
However, prebiotics may selectively promote the metabolism and
proliferation of beneficial intestinal bacteria to improve host health
(George Kerry et al., 2018; Hu L. et al., 2020; Cronin et al., 2021). Plant
polysaccharides and their hydrolyzed oligosaccharides are essential
components of prebiotics. According to the reports, gut microbiota
contains about 130 glycoside hydrolase (GH) families, 22
polysaccharide lyase (PL) families, and 16 carbohydrate esterase
families, which enable the gut microbiota to degrade various dietary
polysaccharides (Guan et al, 2021; Zhang et al,, 2021). Plant
polysaccharides are not easy to be degraded in the upper digestive
tract for the lack of degradation enzymes. On the contrary, in the
colon, polysaccharides can be degraded to oligosaccharides and
monosaccharides through different degradation systems or
converted to beneficial metabolites like short-chain fatty acids
(SCFAs) (Singh, 2019; Cronin et al., 2021). Then, these newly
produced substances will be absorbed by the human body to
regulate host physiological functions as calory intake or
signaling molecules.

Studies show that BP could be degraded to B. striata
oligosaccharide (BO) with appropriate polymerization degree and
low molecular weight by acid hydrolysis. And BO had a particular
therapeutic effect on obesity and non-alcoholic fatty liver disease by
regulating gut microbiota and their metabolites (Hu B. et al., 2020; Hu
et al., 2022). However, no studies show whether there are some
differences in the prebiotic characteristics between BP and BO.

In this study, BP was obtained by water extraction and alcohol
precipitation. BO with a certain degree of polymerization was
prepared by acid hydrolysis of BP. In vitro digestion and
fermentation models were used to study the digestion and
fermentation process of saccharides. The regulatory effect of BP and
BO on gut microbiota was verified by analyzing the fermentation
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products and their antioxidant abilities. Our studies were expected to
provide evidence for the different prebiotic activities between BP
and BO.

2 Materials and methods
2.1 Materials and reagents

Dry B. striata tubers were bought from Hubei Zexi Traditional
Chinese Medicine Technology Co., Ltd. (Qichun, Hubei, China). The
authenticity of medicinal materials was identified by Dr. Xiongjie Sun
of Hubei University of Chinese Medicine. Vitamins, yeast extract,
peptone, bacterial DNA extraction Kkit, bile salts, and L-cysteine were
obtained from Beijing Solarbio Science & Technology Co., Ltd.
(Beijing, China). Pepsin, oi-amylase, pancreatin, trypsin, and SCFAs
standards (Acetic acid, propionic acid, butyric acid, pentanoic acid,
and indole) were bought from Shanghai Aladdin Biochemical
Technology Co., Ltd (Shanghai, China). All materials were of
standard analytical grades.

2.2 Preparation of BP and BO

Fresh and dry tubers of B. striata were ground and sifted through
a 100-mesh sieve. B. striata power (30 g) was mixed with distilled
water (1:40, w/v) and extracted at 90°C for 2 h (Xu S. Y. et al., 2019).
After centrifugation at 6000 xg for 5 min, the supernatant
was collected and concentrated in a rotary evaporator to 1/4 of
the original volume. Next, anhydrous ethanol was slowly added to
the supernatant in a ratio of 1:4. The precipitate was obtained after the
solution was left standing at 4°C for 24 h. After the centrifugation at
5000 xg for 5 min, the precipitate was collected and re-dissolved in
distilled water. The protein was removed using a Sevage method
(Wang et al,, 2019; Liu et al., 2021). Finally, the aqueous phase was
concentrated at 40°C followed by freeze-drying to obtain BP (Chen Z.
et al., 2018).

BO was prepared according to the reference (Hu et al,, 2022). In
brief, 1 g of BP was added to 100 mL distilled water and stirred at 90°C
to dissolve. The solution reacted with 1.25 M of trifluoroacetic acid
(v/v, 1:9) at 90°C for 1.5 h, and 10% ammonia (v/v) was added to
terminate the reaction. The solution was concentrated to 1/5 of the
original volume in a rotary evaporator and freeze-dried to obtain BO.

2.3 Characterization of BP and BO

2.3.1 Chemical composition analysis

The total sugar content of BP and BO was measured using a
phenol sulfuric acid method and was calibrated with a D-mannose
standard (Dubois et al, 1956). The reducing sugar content was
quantified using a 3, 5-dinitrosalicylic acid colorimetry method and
calibrated with a D-mannose standard (Miller, 1959). The total
proteins were detected by a Bradford method using the standard
curve prepared with bovine serum albumin (Bradford, 1976). The
uronic acid content was measured by a meta-hydroxybiphenyl
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method using glucuronic acid as the standard (Blumenkrantz and
Asboe-Hansen, 1973).

2.3.2 Molecular weight determination

The molecular weights of BP and BO were measured by a high-
performance gel permeation chromatography (HPGPC) method
(Chen et al,, 2021). The analysis was performed on Waters1525
equipped with TSK gel GMPWXL column (7.8 mm x 300 mm).
The column was eluted with ultrapure water at a flow rate of 0.6 mL/
min at 30°C. Before analysis, the sample solution was prepared with
ultrapure water and filtered through a 0.22 um filter. The injection
volume was 20 UL. Dextrans with different molecular weights (1-71
kDa, Sigma, MO, USA) were used as the standards to obtain the
calibration curve.

2.3.3 Monosaccharide composition analysis

The monosaccharide composition of BP and BO was determined
using a PMP derivatization method (Fu et al., 2018; Chen et al., 2021).
Briefly, 50 mg of saccharide sample was hydrolyzed with 3 mL of
trifluoroacetic acid (2 M) at 120°C for 2 h. The excess trifluoroacetic
acid was removed by evaporation under reduced pressure at 45°C.
After that, 600 UL of NaOH (0.3 M) and 600 UL of PMP (0.5 M) were
added to the sample solution. The mixture was incubated at 70°C for
30 min, and the mixture was neutralized with 0.3 M HCI and
extracted with chloroform three times. The aqueous layer solution
was filtered through a 0.22 um filter before analysis.

The samples were analyzed with Uranus 5u C;g column (4.6 mm
x 250 mm, 5 pm) at 30°C. The mobile phase was acetonitrile (A) and
0.02 M of ammonium acetate (B). The gradient elution conditions
were: 0—5 min, 16% A; 5-17 min, 16%—19% A, 17-30 min; 19%-22%
A; 30-35 min, 22%-16% A. The flow rate was 1 mL/min, and UV
absorption was measured at 254 nm. The injection volume was 10 uL.
Fucose, D-glucose, rhamnose, xylose, mannose, galactose, arabinose,
glucuronic acid, and galacturonic acid were used as the standards.

2.3.4 Methylation analysis of BP

The glycosidic bond composition of BP was analyzed by
methylation reaction and GC-MS analysis (Chen et al., 2021). BP (5
mg) was dissolved in 2 mL of dimethyl sulfoxide and reacted with 50
mg NaH for 1 h. The solution was incubated with 1 mL CH;I at 25°C
in the darkness for 2 h. Methanol was added to the solution to
complete the reaction. After that, 5 mL H,O was added to terminate
the reaction. After the extraction with chloroform, the methylated
polysaccharide was subjected to acid hydrolysis, NaBH, reduction,
and acetic anhydride acetylation. The sample was finally extracted
with CH,Cl, for GC-MS analysis.

2.4 In vitro digestion of BP and BO

2.4.1 In vitro saliva digestion

The simulated digestion in saliva was carried out according to the
reported method (Huang et al., 2019; Huang et al., 2020). Simulated
salivary fluid (SSF) was prepared by dissolving 0.0764 g/L NaCl,
0.0133 g/L CaCl,, and 0.1491 g/L KCl into distilled water. The pH of
the solution was adjusted to 7.0 using 0.1 M of NaHCO;. BP or BO
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was dissolved in distilled water with a final concentration of 2.5 mg/
mL. Then, 20.0 mL BP solution (BP group) or BO solution (BO
group) was mixed with 20.0 mL SSF and 1 mL salivary o-amylase
(1500 U/mL), followed by the incubation in a water bath (37°C). An
equal volume of distilled water (without BP or BO dissolved in it) was
used in the Control group. During the digestion, a 2.0 mL reaction
mixture was withdrawn at 0, 5, 15, and 30 min, respectively. The
collected mixture was boiled in a water bath for 5 min to deactivate
salivary amylase. After the simulated salivary digestion, the reducing
sugar content and molecular weights of BP and BO in the digestion
solution were determined. The experiment was repeated three times.

2.4.2 In vitro gastric digestion

The in vitro gastric digestion was performed as the described
method with minor modification (Li et al., 2020). After the salivary
digestion, the pH of the mixture was immediately adjusted to 3.0 by
HCI (1 M) for the subsequent gastric digestion. In brief, 20 mL
salivary digestion was mixed with 4.72 mg pepsin and 20 mL
simulated gastric fluid (GSF) electrolyte solution (3.1 g/L of NaCl,
1.1 g/L of KCl, 0.6 g/L of NaHCO3;, 0.15 g/L of CaCl,, pH 3.0),
followed by the incubation in a water bath (37°C). During the
digestion, a 2 mL reaction mixture was withdrawn at 0, 1.0, 3.0,
and 5.0 h, respectively. The collected mixture was boiled in a water
bath for 5 min to deactivate the pepsin enzyme. After the simulated
gastric digestion, the reducing sugar content and molecular weights of
BP and BO in the digestion solution were determined. The
experiment was repeated three times.

2.4.3 In vitro simulated intestinal fluid digestion

The in vitro simulated intestinal fluid digestion was performed as
the described method with some modifications (Li et al., 2020; Ma
et al,, 2021). After the gastric digestion, the pH of the mixture was
immediately adjusted to 7.0 using NaHCOj3 solution (1 M) for the
subsequent intestinal fluid digestion. In brief, the simulated intestinal
fluid (SIF) was prepared by dissolving 5.4 g/L NaCl, 0.65 g/L KCl, and
0.33 g/L CaCl, into distilled water, and the pH of the solution
was adjusted to 7.0 by NaHCO; solution (0.1 M). The intestinal
fluid digestion was mixed with SIF-containing pancreatin solution
(7%, wiv), bile salt solution (4%, w/v), and 26 mg trypsin at a ratio of
3:10 (v/v). Then, the solution was incubated at 37°C, and 2.0 mL of
the mixture at different time points (0, 0.5, 1.0, 2.0, 4.0, and 6.0 h) was
withdrawn and boiled in a water bath for 5 min to deactivate
pancreatin enzymes. After the intestinal digestion, the reaction
mixture was centrifuged, and the reducing sugar content in the
supernatant was determined. Next, 80% (v/v) ethanol was used to
precipitate BP and BO, and the molecular weights of both saccharides
were determined. The experiment was repeated three times.

2.5 In vitro fermentation and subsequent
broth analysis of BP and BO

2.5.1 In vitro fermentation

The in vitro fermentation of fecal inoculum was conducted based
on an established method with minor modification (Huang et al,
2020; Mao et al., 2021). Fecal samples were pooled from five healthy
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volunteers (three males and two females) who remained on a regular
diet and did not use antibiotics within three months. The fresh fecal
samples were mixed with sterilized PBS (including 0.5 g/L of
L-cysteine) to obtain a 10% (w/v) fecal suspension.

The fermentation medium was prepared following the report
(Ding et al, 2019; Huang et al., 2020). Briefly, 1 L basal medium
consisted of 2.0 g peptone, 2.0 g yeast extract, 0.1 g NaCl, 0.01 g
K,HPO,, 0.04 g KH,PO,, 0.01 g MgS0O,7H,0, 0.01 g CaCl,2H,0,
2 g NaHCO3, 2 mL Tween-80, 0.05 g hemin, 10 pL vitamin K;, 0.5 g
L-cysteine, 0.5 g bile salts, and 0.01 g resazurin. The basal medium
was sterilized at 115°C for 20 min. Then, 1.0 mL fecal slurry was
added to a 9.0 mL basal medium containing BP (2.5 mg/mL), BO (2.5
mg/mL), or not (Control group), respectively. The fermentation
experiment was carried out in an anaerobic tank. All treatment
groups were incubated with the fecal inoculum at 37°C in a
thermostatic shaker. During the fermentation, samples were
withdrawn at 0, 6, 12, 24, 36, and 48 h for further analysis. The
experiment was repeated three times.

2.5.2 Composition changes of fermentation broth

The ODggy of fermentation broth was detected with a multi-
functional microplate reader at 600 nm. The pH value was measured
using a pH meter. The contents of total carbohydrates and reducing
sugars in fermentation broth at different time points were determined
according to the methods as mentioned above.

2.5.3 Gut microbiota analysis of
fermentation broth

Gut microbiota analysis was performed as referenced (Hu B. et al,,
2020). In brief, 2 mL of fermentation broth was collected after 24
hours of fermentation. The bacterial genomic DNA was extracted
using an intestinal microbial DNA extraction kit. The DNA library
was constructed by two-step PCR amplification, and the V3-V4
region of 16S rDNA was sequenced by Illumina miseq. After
optimization, the sequence was analyzed by OTU cluster analysis,
species diversity analysis, and species taxonomy analysis, as detailed
in Supplementary Methods.

2.5.4 Abundance quantification of gut microbiota
at genus levels by qRT-PCR

The bacterial genomic DNA was extracted using an intestinal
microbial DNA extraction kit (Solarbio, Beijing, China). In brief, the
bacterial copies were measured by qRT-PCR using a SYBR QPCR
mixture on a Bio-Rad CFX Connect Real-time system (Bio-Rad, CA,
USA). The specific primer sequences were displayed in
Supplementary Table 6. PCR mixture was initially heated at 95°C
for 10 min, followed by 34 cycles of 95°C for 30 s, 55°C for 30 s, and
72°C for 30 s. Vectors containing specific bacterial 16S rDNA
sequences were constructed as standards. The copies of specific
bacteria in the fermentation broth were calculated according to the
standard curves.

2.5.5 Detection of short-chain fatty acids

After 24 hours of fermentation, the broth was centrifuged at
13,000 xg for 5 min. The supernatant (0.5 mL) was evenly mixed with
1.0 mL pre-cooled methanol. After the low-temperature ultrasound
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for 10 min, the mixture was incubated overnight at 4°C. Next, the
mixture was filtrated through a 0.22 pm membrane for the
determination of SCFAs. Acetic acid, propionic acid, butyric acid,
and valeric acid were used as SCFA standards. GC-MS was used to
detect the SCFAs of all samples according to the reported method
(Huang et al., 2020).

2.5.6 Antioxidant activity of fermentation broth

The capacity of fermentation broth samples to scavenge 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) radicals were measured as
referenced (Chen et al, 2021). The fermentation supernatant (200
uL), 0.2 mM DPPH (400 pL), and methanol (400 uL) were mixed and
reacted at room temperature in the darkness for 20 min (Chen et al,,
2021). The absorbance of samples was measured at 515 nm. With the
basic medium as the control, the DPPH free radical scavenging
activity was calculated according to the following formula:
Scavenging rate (%) = (1 — As/Ac) x 100. Ac, absorbance of the
control group; As, absorbance of the sample.

The capacity of fermentation broth samples to scavenge
superoxide radicals was measured as referenced (Chen et al., 2021).
The fermentation supernatant, 338 UM of nicotinamide adenine
dinucleotide (NADH), 30 mM of phenazine methosulfate (PMS),
and 72 pM of nitro blue tetrazolium chloride monohydrate (500 pL
each) were mixed and reacted at room temperature for 15 min. The
absorbance of samples was measured at 560 nm, and the essential
medium was used as the control. The superoxide radical scavenging
activity was calculated according to the following formula: Scavenging
rate (%) = (1 — As/Ac) x 100. Ac, absorbance of the control group; As,
absorbance of the sample.

2.6 Statistical analysis

All the experiments were performed in triplicate. The results were
expressed as mean * standard deviation (SD). GraphPad Prism
(Version 7.0a, GraphPad Software Inc., San Diego, CA, USA) was
used to analyze the results. Data were evaluated by one-way analysis
of variance (ANOVA) with Duncan’s multiple range test. The value of
p < 0.05 was considered statistically significant.

3 Results
3.1 Chemical composition of BP and BO

Based on previous studies (Wang et al., 2019; Chen et al,, 2021),
BP was prepared by water extraction and alcohol precipitation. Under
the optimized conditions, the extraction rate of polysaccharides was
20%. The contents of total carbohydrates, reducing sugar and total
proteins in BP were determined to be 78.69 + 2.65%, 0.04 + 0.05%,
and 1.21 + 0.70% (Table 1). The contents of reducing sugar and
uronic acid were very low, indicating that BP was a neutral
polysaccharide. Besides, BP was mainly composed of mannose
(Man) and glucose (Glu), with a molar ratio of 76.19:23.81
(Table 1). As shown in Supplementary Figure 1A, the HPGPC
chromatogram of BP was a relatively symmetrical peak, and the
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TABLE 1 Chemical and monosaccharide compositions of BP and BO.

Samples BP BO
Mw (Da) 221173 940

Chemical compositions

Total carbohydrates (%) 78.69 + 2.65 89.27 + 1.84
Reducing sugar (%) 0.04 + 0.05 43.68 + 1.32
Protein (%) 1.21 £ 0.70 524 + 1.35
Uronic acid (%) 528 +0.29 3.97 + 0.46
Monosaccharide composition (molar ratio, %)

Glucose 23.81 2222
Mannose 76.19 77.78

The values are presented as mean + SD (n = 3).

molecular weight of BP was calculated to be 221.17 kDa according to
the peak time and standard curve (Table 1).

Next, the permethylated BP was hydrolyzed, reduced, and
acetylated to provide the polymethacrylic acid (PMAAs), which was
further analyzed by GC-MS. As shown in Supplementary Figure 3A,
four signal peaks were identified in total ion chromatography, and
their diagnostic fragments were indicated in Supplementary
Figures 3B—E. Combining the retention time, the composition of
methylated sugar, and peak fragments, we determined the methylated
alditol acetates of BP (Supplementary Table 1). The mannose residues
existed mainly as 1,4-linked-Manp and 1,6-linked-Manp. The
glucosyl residues were presented as Terminal Glcp and 1,4-
linked-Glcp.

The FTIR spectra analysis of BP was shown in Supplementary
Figure 4. The bands at 893 cm™ indicate the existence of B-glycosidic
linkage in BP (Zhang et al, 2019a; Zhang et al., 2019b). The
characteristic absorption peak at 956 cm™ was known as the o-D-
glucopyranose structure (Chen et al., 2021). The bands at
approximately 875 cm™' and 810 cm™" contributed to the mannose
residues (Kong et al., 2015; Qu et al,, 2016).

BO was prepared by mild acid hydrolysis of BP. The contents of
total carbohydrates, reducing sugar and proteins in BO were
determined to be 89.27 + 1.84%, 43.68 + 1.32% and 5.24 + 1.35%
(Table 1). The mass spectrogram of BO showed that the
polymerization degree of BO was 2—6 (Supplementary Figure 5).
Similar to BP, BO was also composed of mannose and glucose with a
molar ratio of 77.78:22.22 (Table 1 and Supplementary Figure 2).

3.2 In vitro digestion changes of BP and BO

Though some polysaccharides from food sources can be digested
and utilized by the body directly through the digestive system, most
plant polysaccharides will be fermented by gut microbiota to exert
their biological activities before absorption (Cronin et al,, 2021). In
this study, the simulated digestion of BP and BO in vitro was carried
out to explore whether both saccharides could be digested directly by
the human body. The levels of reducing sugar in the simulated
digestion process of BP and BO are shown in Figures 1A-C. There
were no significant changes in the reducing sugar contents in the
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saliva, gastric juice, and intestine fluids. The results indicated that it
was difficult for the human digestive enzymes to degrade BP and BO
to produce reducing sugar. The thin layer chromatography (TLC)
assay of simulated digestion products of BP was indicated in
Figures 1D-F. There were no sugar bands with low molecular
weights found in the digestion products of BP. The HPGPC
analysis of simulated digestion products of BP was displayed in
Figures 1J-L. As shown in Figure 1] and Supplementary Table 2, in
the simulated saliva digestion, the molecular weight of BP gradually
decreased to 21.03 kD with the increase in digestion time. In gastric
liquid digestion, the molecular weight of BP was 21.89 kD at 0 h. After
5 h of digestion, the molecular weight of BP was 21.42 kD. And the
molecular weight of BP was 19.97 kD after 6 hours of intestinal
digestion. There was no significant change in the molecular weight of
BP in gastric juice and intestinal fluid (Figures 1K, L and
Supplementary Table 2). These results indicate that BP could be
partly degraded by human digestive enzymes in saliva, but failed to be
completely hydrolyzed to oligosaccharides or monosaccharides. BO is
an oligosaccharide and the corresponding bands will appear on the
silica gel plate. But the oligosaccharide bands of BO show no
significant changes during three simulated digestion fluids
(Figures 1G-I).

3.3 Effect of BP and BO on human gut
microbiota by in vitro fermentation

3.3.1 Changes of ODggo and pH during
in vitro fermentation

The ODgoo change reflected the growth of gut microbiota in
bacterial media. As shown in Figure 2A, the ODggq value of the BP
group increased from 0.16 £ 0.00 to 0.72 £ 0.07 during the first 24
hours, and that of the BO group raised from 0.16 + 0.02 to 0.70 + 0.04.
For the Control group, the ODj( value raised from 0.15 + 0.02 to 0.47
+ 0.03. The growth rates of the BP and BO groups in the logarithmic
growth period were higher than that in the Control group. Also, the
ODggp in the final platform period was significantly higher compared
with the Control group (p < 0.05). The result shows that either BP or
BO could improve the growth of gut microbiota.

The sugar products of bacteria metabolism can reduce the pH of
culture media (Koh et al., 2016). As indicated in Figure 2B, the pH
value of the BP group decreased from 7.81 + 0.20 to 6.24 + 0.43 after
the fermentation for 6 h, and that of the BO group reduce from 7.88 +
0.19 to 6.20 £ 0.41. The pH values of both groups were statistically
lower than those of the Control group at all time points (p < 0.05),
which decreased from 7.88 + 0.18 to 7.24 + 0.04. The reduction in pH
values of the BP and BO groups may contribute to the rapid
metabolite production of polysaccharides or oligosaccharides by gut
microbiota (Huang et al., 2020).

3.3.2 Changes of total carbohydrate and reducing
sugar in vitro fermentation

Previous studies show that gut microbiota can degrade
polysaccharides into reducing oligosaccharides and monosaccharides
by secreting glycosidases (La Rosa et al, 2019; Singh, 2019). In this
study, the fermentation of intestinal flora resulted in a decreased total
carbohydrate and changed reducing sugar contents at different time
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Changes in reducing sugar content and molecular weight of BP and BO during simulated saliva and gastrointestinal digestion. (A—=C) Changes in reducing
sugar content of BP and BO in simulated saliva and gastrointestinal digestion at different time points. (D=F) Thin layer chromatography (TLC) assay of BP
that exhibited the changed molecular weights during simulated saliva and gastrointestinal digestion. (G-I) TLC assay of BO that exhibited the changed
molecular weight during simulated saliva and gastrointestinal digestion. (3-L) HPGPC analysis of BP that exhibited the changed chromatogram during
simulated saliva and gastrointestinal digestion. SSF, simulated salivary fermentation; SGF, simulated gastric fermentation; SIF, simulated intestinal
fermentation; Manl:D-(+)-Mannose; Man2: a-1-6-Mannobiose. Data were presented as mean + SD (n = 3).
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points (Figures 2C, D). The concentration of total carbohydrates in the
BP group decreased from 2.54 + 0.30 mg/mL to 0.35 + 0.08 mg/mL, but
the concentration of reducing sugar had no significant change. For the
BO group, the concentration of total carbohydrates decreased from 2.56
+ 0.23 mg/mL to 0.37 + 0.01 mg/mL, and the content of reducing sugar
reduced from 1.61 + 0.22 mg/mL to 0.00 + 0.02 mg/mL. There was no
change in the concentration of either total carbohydrate or reducing
sugar for the Control group during the whole fermentation process.
Compared to the Control group, the concentrations of total
carbohydrates in both the BP and BO groups decreased remarkably
within the first 24-hour fermentation (p < 0.05). Though the content of
the original reducing sugar in the BO group was much higher than that of
the BP group (Table 1), it was consumed rapidly and almost fully utilized
within 24 hours (Figure 2D).
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3.3.3 Changes in molecular weights of BP and BO
during in vitro fermentation

The TLC spectrum of BP fermentation products is shown in Figure 3A.
During the fermentation, the imprint of BP at the original site was gradually
weakened, but no new oligosaccharide bands appeared. We presume that
the newly produced oligosaccharides may be rapidly utilized by gut
microbiota, which was consistent with the change of reducing sugar in
the fermentation broth of the BP group (Figure 2D). Based on the HPGPC
analysis in Figure 3B, the average molecular weight of BP gradually
decreased from 221.17 kDa to 3.00 kDa within 24 h. After the
fermentation for 48 h, a new oligosaccharide peak was generated at
17 min, and its average molecular weight stabilized at about 3.00 kDa
(Supplementary Table 3). The result suggests that gut microbiota
preferentially chose low molecular weight carbohydrates as their substrates.
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By TLC assay, the oligosaccharide bands of BO were observed with
different polymerization degrees after the fermentation (Figure 3C). And
these oligosaccharide products were quickly utilized by gut microbiota
within 12 h as indicated by the weakened TLC detection band (Figure 3C).
Due to the low polymerization degree of BO degradation products, we
failed to obtain them by alcohol precipitation. Thus, the average molecular
weight of BO in the culture medium did not change significantly during
the fermentation (Figure 3D and Supplementary Table 3).

3.3.4 Effects of BP and BO on composition of gut
microbiota during in vitro fermentation

In our previous studies, BO displayed a regulatory effect on the
composition of gut microbiota in obese mice (Hu B. et al,, 2020). In this

10.3389/fcimb.2023.1105335

study, 16S rDNA from human fecal fermentation samples were sequenced
to verify the effects of BP and BO on the composition of gut microbiota.
After removing the unqualified sequences, a total of 21,649 valid ones were
obtained for each sample (Supplementary Table 4). The filtered sequences
were clustered into an OTU with 97% similarity. The number of OTUs of
each sample mainly represented the richness of sample diversity, and a
total of 245 OTUs were obtained (Supplementary Table 5). The o diversity
index of samples from different groups was indicated in Figures 4A-D.
There were no marked differences in the o diversities of gut microbiota
among the three experimental groups. However, they were significantly
lower than that of the OFF (Original fecal flora) group (p < 0.05), similar to
the results of previous in vitro fermentation studies (Chen et al., 2017;
Chen et al., 2019; Zhou et al,, 2020). The decreased gut microbiota diversity
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might be attributed to that the present in vitro culture system can’t entirely
meet the growth conditions of all gut microbiota. The 3 diversity reflected
the difference of species composition between different experimental
groups. The results of PCA and NMDS (Figures 4E, F) suggested that
both the BP and BO groups displayed a close cluster, which was away from
the Control and OFF groups.

Next, we analyzed the composition and structure of gut
microbiota among fermentation groups with different treatments by
16S rDNA sequencing (Figure 5). At the phylum level, the dominant
bacterial communities in initial fecal samples of the OFF group were
mainly Firmicutes, Bacteroidetes, and Proteobacteria (Figure 5A).
And the relative abundances of Firmicutes, Bacteroidetes, and
Proteobacteria reached 99.28% of the total bacterial community.
After the fermentation for 24 h, the gut microbiota composition
among the three groups was significantly changed. Compared to the
Control group, the abundance of Bacteroides in the BP and BO
groups was statistically reduced (38.11% for the Control group, 5.92%
for the BP group, and 10.21% for the BO group). In comparison, the
content of Firmicutes was significantly elevated (52.38% for the
Control group, 66.26% for the BP group, and 61.20% for the BP
group). The result indicated that both BP and BO treatment could
regulate the composition of gut microbiota during fermentation. At
the family level, BO and BP increased the abundances of
Veillonellaceae and Streptococcaceae, but reduced the contents of
Enterobacteriaceae and Bacteroidaceae. It seemed that BP displayed a
stronger regulatory effect on gut microbiota communities than BO.

At the genus level, the change trends of gut microbiota after BP
and BO treatment were similar to the above results (Figure 5C and
Supplementary Figure 7). Overall, BP had a more significant impact

10.3389/fcimb.2023.1105335

on intestinal flora than BO. For instance, BP presented a more
substantial effect on increasing the abundances of Veillonella and
Streptococcus, and decreasing the contents of Escherichia and
Bacteroides in comparison with those by BO treatment. Further,
we confirmed the sequencing results of gut microbiota by qRT-
PCR (Figure 5D and Supplementary Figure 7). In parallel, BP
and BO greatly promoted Veillonella and Streptococcus, and
suppressed Escherichia.

Linear discriminant analysis effect size (LEfSe) analysis is an
algorithm for high-dimensional biomarker discovery and
interpretation, which can find statistically different biomarkers
between different groups. To identify the specific bacterial taxa
among three groups with different treatments, we compared their
gut microbiota compositions using the LEfSe method (Figure 6).
The cladogram in Figure 6A revealed those taxa enriched in each
group (‘p_’, phylum; ‘o_’, order; ‘c_’, class; f_’, family). The results
of LEfSe analysis are shown in Figure 6A. In the control group, BP
group, and BO group, there were five, seven, and four dominant taxa
with statistical significance identified in the Control, BP and BO
groups, respectively. Then, linear discriminant analysis (LDA)
coupled with LEfSe screened the significantly different taxa in
individual experimental groups. As indicated in Figure 6B, ten,
ten, and seven taxa with LDA scores higher than 2.0 were separate
from the Control, BP, and BO groups. Among these bacteria, some
belong to the probiotic ones. For example, Streptococcaceae,
Lactobacillales, and Bacilli were the dominant characteristic
bacteria in the BP group, while Christensenellaceae,
Alcaligenaceae, Burkholderiales, and Betaproteobacteria
dominated the BO group.
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3.3.5 Effects of BP and BO on SCFA
levels produced by gut microbiota
during in vitro fermentation

As shown in Figure 7 and Table 2, the concentrations of SCFAs in
the culture medium were changed during in vitro fermentation of gut
microbiota with BP or BO treatment. Within 24 hours, the acetic acid
content of the BP group increased from 61.45 + 9.90 uM to 287.76 +
56.52 UM and from 11.41 + 0.24 uM to 161.39 + 2.41 uM for butyric
acid (Table 1 and Figures 7A, C). The concentrations of both SCFAs
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were significantly higher than those of the Control group (p < 0.05 or
0.01). For the BO group, the concentration of propionic acid in the
culture medium increased from 7.09 + 0.29 UM to a maximum of
95.37 £ 0.29 uM at 48 h (Table 1 and Figure 7B) (p < 0.01, vs. Control
group). Compared to the Control and BO groups, the gut microbiota
of the BP group produced a more considerable amount of total SCFAs
during fermentation (p < 0.01). Based on the above, although BO was
easier to be utilized by gut microbiota, BP had more advantages in
promoting SCFA production during in vitro fermentation.
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Concentrations of short-chain fatty acids (SCFAs) in culture medium after gut microbiota fermentation for 0, 6, 12, 24, 36, and 48 h. (A—E)
Concentrations of Acetic acid (A), Propionic acid (B), Butyric acid (C), Pentanoic acid (D), and Total SCFAS (E) in the culture medium during the
fermentation period. Data were presented as mean + SD (n = 3). *p < 0.05, **p < 0.01, Control group vs. BP group; *p < 0.05, #p < 0.01, Control group

vs. BO group.

3.3.6 Antioxidant activity analysis on fermentation
broth of BP and BO group

Finally, we detected the scavenging effect of fermentation broth on
free radicals in the BP and BO groups. After the fermentation for 12 h,
the scavenging capacity against DPPH free radical increased to 68.27
+ 0.27% for the BO group, 40.13 + 1.95% for the BP group, and 39.06
+ 0.04% for the Control group (Figure 8A). During the whole
fermentation period, the BO group displayed higher scavenging
effect on DPPH (p < 0.01, vs. Control and BP groups). Only after
the fermentation for 24 h, the BP group shows a better suppressive
activity for DPPH than that of the Control group (p < 0.01). On the
contrary, the BP group had a much higher scavenging effect on O,-
than that of either the BO or Control group (p < 0.01), both of which
failed to scavenge the production of O,- (Figure 8B). The maximal
activity of BP was reached at 48 h (22.16 £ 0.16%). The results implied
that glucomannans with different polymerization degrees had specific
selectivity for the scavenging of free radicals.

Frontiers in Cellular and Infection Microbiology

1

10.3389/fcimb.2023.1105335

B
Propionic acid "
100-_ mm Control
= == BP
E_so— == o
[}
2
=
s
c
[
o
c
o
o
D
Pentanoic acid
129 mm Control
. {mmBP
E_9_ == BO
7]
L2
=
£
c
]
c 3
o
o
0_
A 0&\ q?:o ’bbv ‘&v

4 Discussion

Studies show that the molecular weight of BP was between 7-40
kDa, which depends on the origin of B. striata and the extraction
methods of BP (Wang et al., 2019; Chen et al,, 2021). In keeping with
these reports, the average molecular weight of BP in our studies was
identified to be 18 kDa, mainly composed of 1,4-3-Mannopyranose,
1,4-B-glucopyranose, and a small amount of 1,4-o.-glucopyranose
(Table 1 and Supplementary Figures 1-4). By the simulated saliva
digestion, BP was gradually degraded with the extension of digestion
time (Figure 1]). The main digestive enzyme in saliva is salivary
amylase, which can break the a-1,4 polyglucoside bond of
polysaccharides. And we did not detect the production of
oligosaccharides and reducing sugar in salivary digestive juice
(Figures 1A, D, J). This result suggests that saliva only degraded o-
1,4 polyglucoside bonds, but not 1,4-B-polyglucoside bonds in BP
(Supplementary Figure 6A). Since the digestive effect of human saliva
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TABLE 2 Concentrations of short-chain fatty acids (SCFAs) in culture medium after gut microbiota fermentation for 0, 6, 12, 24, 36, and 48 h.

SCFAs (uM)
Sample Fermentation time (h)
Acetic acid Propionic acid Butyric acid Pentanoic acid Total
6 74.94 + 19.78 9.72 £ 5.15 7.49 + 0.00 - 92.15 + 24.94
12 89.18 + 47.69 14.38 + 2,00 7.15 + 0.00 - 110.70 + 49.69
'Control 24 10591 + 8.48 9.92 +4.30 23.15 + 2.41 7.93 % 0.00 146.92 + 6.59
36 197.34 + 44.51 4252+ 1.72 47.67 £ 8.19 8.08 + 0.208 295.60 + 54.21
48 161.615 + 20.14 44.95 + 8.59 4375 £ 0.24 823 £ 0.00 258.54 + 28.67
6 61.45 + 9.90 7.49 +0.29 10.04 + 3.61° 7.931 £ 0.00 86.92 £ 5.99
12 175.85 + 44.51% 16.81 + 5.44 1141 +0.24° 8.08 £ 0.21 212.14 £ 39.10
'BP 24 287.76 + 56.52° 931 + 3.44° 161.39 + 2.41* 8.08 = 0.21 466.54 + 50.89*
36 373.36 + 38.62° 50.22 +2.29 150.32 + 6.50° 8.08 = 0.21 581.97 + 47.62*
48 252.54 + 9.54° 30.98 + 1.43° 109.47 + 11.80* 8.08 % 0.21 401.06 * 0.62*
6 79.93 £ 2.24 7.09 £ 0.29 37.45 + 433" 8.08 £ 0.21 132.55 * 8.65
12 88.68 + 3.18° 7.69 % 0.00 2247 + 2.89 8.08 £ 0.21 126.92 + 0.50
'BO 24 13539 + 36.03° 36.65 + 5.44* 3575 + 4.82° 8.08 £ 0.21 215.87 + 46.50°
36 174.11 + 3.18° 55.08 + 7.45 48.01 + 1.93° 837 £ 0.21 285.56 + 2.55°
48 193.59 + 30.03 9537 + 0.29" 50.05 + 3.37° 9.11 + 1.25 34812 + 25.12°

Mean values in the same column with different letters show significant differences between different treatments and different treatment time, respectively (n = 3, p < 0.05). , mean value in the
Control group and BP group shows statistical difference (n = 3, p < 0.05). °, mean value in the Control group and BO group shows statistical difference (n = 3, p < 0.05). <, mean value in the BP group

and BO group shows statistical difference (n = 3, p < 0.05).

! Control: negative control (no additional carbon source supplement); BP: experimental group (BP supplement); BO: experimental group (BO supplement).

2 —: not detected.

on BP was relatively limited, it failed to produce the carbohydrates
that could be directly used by the human body (Figures 1A, D). In the
preparation of BO, o.-1,4 polyglucoside bonds had been degraded by
hydrolases (Data not shown) (Hu B. et al.,, 2020), so BO could not be
degraded by the salivary digestive enzyme (Figure 1]). As for the
simulated gastric and intestinal digestion, both had no effect on the
molecular weights and reducing sugar contents of BP and BO
(Figure 1). Previous studies also found that plant polysaccharides
had good stability in gastric and intestinal juice (Chen G. et al., 2018).
Based on the above, BP and BO could not be directly and completely
digested in the upper gastrointestinal tract of humans, making them
potential prebiotics for human health.
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FIGURE 8

Scavenging effects of fermentation broth in BP and BO groups on DPPH and superoxide anion (O,-) free radicals. (A) Clearance rate of DPPH by BP or
BO fermentation broth. (B) Clearance rate of O,- by BP or BO fermentation broth. Data were presented as mean + SD (n = 3). **p < 0.01, Control group
vs. BP group; ##p < 0.01, Control group vs. BO group; SSp < 0.01, BP group vs.. BO group.

Gut microbiota plays a crucial role in host energy metabolism and
immune system development (Lynch and Pedersen, 2016; George
Kerry et al., 2018). The nutrition of intestinal microorganisms mainly
comes from carbohydrates in the host diet, in which natural non-
digestible polysaccharides are favorable substrates for improving the
intestinal ecosystem Hu B. et al, 2020). For the utilization of
carbohydrates, the gut microbiota has evolved a precise, variable,
and complex carbohydrate utilization system to sense, capture and
utilize polysaccharides (Tang et al.,, 2019; Cronin et al.,, 2021). For
example, gut microbiota can synthesize a variety of glycosidases to
decompose and ferment non-digestible polysaccharides,
accompanied by changes of pH and total sugar content in the
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intestine (Huang et al., 2020). In this study, the pH value in the
fermentation broth of three experimental groups gradually decreased,
which may be due to the newly produced SCFAs by gut microbiota
(Figure 7). Notably, during fermentation, the reducing sugar level in
the BO group decreased rapidly. Still, it remained at a low level in the
BP group (Figure 2D). It was reported that glycosidases secreted by
intestinal strains only degraded mannan into oligosaccharides rather
than monosaccharides, and the oligosaccharides were then
transported into bacterial cells for degradation and utilization (La
Rosa et al., 2019; Lindstad et al,, 2021). This might be the reason why
the concentration of total sugar decreased in the BP group during
fermentation (Figure 2C), whereas the content of reducing sugar had
no changes (Figure 2D). It was confirmed by TLC and HPGPC
analysis (Figures 3A, B), in which the gut microbiota could only
degrade BP to oligosaccharides with an average molecular weight of 3
kDa. We speculate that the subsequent degradation of
oligosaccharides should occur in the cell wall or cytoplasm of
intestinal bacteria, and this is required to be proved in future work.

Glucomannan has an excellent regulatory effect on gut
microbiota. As a representative of glucomannan, Konjac
polysaccharides (KGM) are composed of D-glucose and D-
mannose, a similar structure to BP. It was reported that KGM
could significantly increase the proportion of Firmicutes in gut
microbiota while reducing the abundances of Proteus and
Bacteroidetes (Mao et al.,, 2021; Song et al., 2021), consistent with
our studies (Figure 5A). By 16S rDNA sequencing and qRT-PCR
assay, we found that both BO and BP evidently increased the
proportions of Veillonella and Streptococcus genera (Figures 5C, D).
The two bacteria are normal flora in the human intestine (Liu et al.,
2020). The utilization of carbohydrates and the tolerance to an acidic
environment of Streptococcus have attracted much attention in recent
years. In the presence of excessive sugars, Streptococcus can produce a
large amount of lactic acid and promote the acidification of intestinal
microenvironment under anaerobic conditions (Abranches et al.,
2018). Veillonella is a gram-negative anaerobic bacterium with a
weak ability to utilize polysaccharides. However, it can use short-
chain organic acids as an energy source to convert them into acetic
acid and propionic acid (Liu et al., 2020). When Streptococcus and
Veillonella were co-cultured, Veillonella promoted the expression and
secretion of Streptococcus glycosidase, and enhanced the ability of
Streptococcus to degrade carbohydrates (Kara et al., 2006). In this
study, Streptococcus and Veillonella were likely to cooperate in
hydrolyzing BP and BO, increasing their proportions of gut
microbiota and thus promoting the production of SCFAs
during fermentation.

SCFAs are organic fatty acids composed of 1-6 carbon atoms,
including acetic acid, propionic acid, butyric acid, and pentanoic acid
(Koh et al,, 2016). As the major products of dietary fiber fermented by
gut microbiota in the colon, SCFAs can not only be used as substrates
for the synthesis of sugars or lipids, but also regulate metabolic
responses of the body as signaling molecules (Koh et al., 2016).
SCFAs also improve intestinal health by regulating gut microbiota
communities, maintaining intestinal barrier integrity, and preventing
inflammation (He et al., 2020). Studies showed that the
monosaccharide composition of polysaccharides had a great impact
on the production of SCFAs. For example, the fermentations of
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galactose, mannose, and galacturonic acid in carbohydrates
produced more butyric acid. And the production of propionic acid
was predominantly due to the metabolism of glucose, xylose,
mannose, and arabinose (Yang et al., 2013; Koh et al., 2016). In this
study, there was a difference between BP and BO in promoting the
formation of SCFAs. BP significantly promoted the formation of
acetic acid and butyric acid, and BO enhanced the production of
propionic acid (Figure 7). Considering that BP and BO have similar
monosaccharide compositions and glycosidic bond types, their
different polymerization degrees might be the critical reason for the
distinct regulatory effects on SCFA production. Additionally, after the
fermentation for 24 h, the content of total SCFAs in the BP group was
the highest among the three experimental groups, suggesting that the
regulatory effect of BP on gut microbiota was more lasting and stable
than BO.

Excessive production of free radicals by oxidative stress was a
fundamental reason for metabolic diseases (Dziabowska-Grabias
et al., 2021). The antioxidative activity has been proven to be an
essential physiological function of dietary fibers. There were few
studies on the antioxidation changes of polysaccharides during gut
microbiota fermentation. In this study, the BO group had a high
scavenging effect on DPPH, while the BP group displayed a strong
suppression of O,- (Figure 8). Different monosaccharide
compositions, chain arrangements, chemical structures, and
molecular weights may lead to variations in the antioxidant
activity of polysaccharides (H. Chen et al, 2021). The results
showed that the fermentation of BP by gut microbiota changed
the molecular weight and spatial structure and produced many
metabolites. Hence, the BP group had a much higher scavenging
effect on O, than the BO or Control group. Since BP and BO were
transformed into different products during gut microbiota
fermentation, the antioxidant activities of their fermentation
products may also have evident selectivity against the types of
free radicals.

5 Conclusion

There were some differences between BP and BO in the process of
digestion and fermentation in vitro. Although the polymerization
degree of BP in simulated saliva was partly reduced, both BP and BO
could not be degraded to oligosaccharides or monosaccharides by
human digestive enzymes. BP and BO could be degraded and utilized
by gut microbiota. During in vitro fermentation, the content of
reducing sugar in the BO group decreased rapidly, but it remained
at a low level in the BP group. Both BP and BO significantly affected
the composition and structure of gut microbiota. Besides, BP and BO
promoted the production of SCFAs by gut microbiota. BP had a better
promotive effect on the formation of acetic acid and butyric acid, and
BO mainly elevated the content of propionic acid. Finally, the
fermentation broth of the BP group displayed a more robust
suppression of O,-, but a higher scavenging effect on DPPH for the
BO group. In summary, BP and BO were demonstrated to be
potential prebiotics for human health, and their different
polymerization degrees gave them pronounced selectivity in
regulating gut microbiota.

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1105335
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be directed
to the corresponding authors.

Author contributions

HL: Conceptualization, Supervision, Writing original draft,
Funding acquisition. ZZ: Funding acquisition, Project
administration, Supervision. QW: Methodology, Data curation,
Resources, Writing original draft. HC: Writing original draft, Data
curation, Formal analysis. MY: Data curation, Formal analysis. XC:
Formal analysis, Software, Methodology. HX: Investigation, Writing
original draft, HH: Formal analysis, Visualization, Methodology. JZ:
Validation, Visualization. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by Educational Program of Hubei
Province (NO. Q20192008), National Natural Science Foundation
of China (NO. 31902356), Key Research and Development Plan of
Ningxia Autonomous Region (NO. 2021BEG02019), and Major

References

Abranches, J., Zeng, L., Kajfasz, J. K., Palmer, S. R,, Chakraborty, B., Wen, Z. T, et al.
(2018). Biology of oral streptococci. Microbiol. Spectr. 6 (5). doi: 10.1128/
microbiolspec. GPP3-0042-2018

Blumenkrantz, N., and Asboe-Hansen, G. (1973). New method for quantitative
determination of uronic acids. Anal. Biochem. 54 (2), 484-489. doi: 10.1016/0003-2697
(73)90377-1

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72 (1-2), 248-254. doi: 10.1016/0003-2697(76)90527-3

Chen, Z., Cheng, L., He, Y., and Wei, X. (2018). Extraction, characterization, utilization
as wound dressing and drug delivery of bletilla striata polysaccharide: A review. Int. J. Biol.
Macromol. 120 (Pt B), 2076-2085. doi: 10.1016/j.ijbiomac.2018.09.028

Chen, D., Chen, G., Wan, P.,, Hu, B,, Chen, L., Ou, S,, et al. (2017). Digestion under
saliva, simulated gastric and small intestinal conditions and fermentation in vitro of
polysaccharides from the flowers of camellia sinensis induced by human gut microbiota.
Food Funct. 8 (12), 4619-4629. doi: 10.1039/C7FO01024A

Chen, L, Liu, ], Ge, X., Xu, W., Chen, Y., Li, F,, et al. (2019). Simulated digestion and
fermentation in vitro by human gut microbiota of polysaccharides from helicteres
angustifolia 1. Int. J. Biol. Macromol. 141, 1065-1071. doi: 10.1016/j.ijbiomac.2019.09.073

Chen, G., Xie, M., Wan, P., Chen, D., Ye, H,, Chen, L., et al. (2018). Digestion under
saliva, simulated gastric and small intestinal conditions and fermentation in vitro by
human intestinal microbiota of polysaccharides from fuzhuan brick tea. Food Chem. 244,
331-339. doi: 10.1016/j.foodchem.2017.10.074

Chen, H., Zeng, J., Wang, B., Cheng, Z., Xu, J., Gao, W, et al. (2021). Structural
characterization and antioxidant activities of bletilla striata polysaccharide extracted by
different methods. Carbohydr. Polym. 266, 118149. doi: 10.1016/j.carbpol.2021.118149

Cronin, P., Joyce, S. A., O'Toole, P. W., and O'Connor, E. M. (2021). Dietary fibre
modulates the gut microbiota. Nutrients 13 (5), 1655. doi: 10.3390/nu13051655

Ding, Y., Yan, Y., Peng, Y., Chen, D., Mi, ], Lu, L., et al. (2019). In vitro digestion under
simulated saliva, gastric and small intestinal conditions and fermentation by human gut
microbiota of polysaccharides from the fruits of lycium barbarum. Int. J. Biol. Macromol.
125, 751-760. doi: 10.1016/j.ijjbiomac.2018.12.081

Dubois, M., Gilles, K. A., Hamilton, J. K., Rebers, P. A., and Smith, F. (1956).
Colorimetric method for determination of sugars and related substances. Anal. Chem.
28 (3), 350-356. doi: 10.1021/ac60111a017

Frontiers in Cellular and Infection Microbiology

14

10.3389/fcimb.2023.1105335

Science and Technology Project in Yunnan Province
(NO. 202102AE090042).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fcimb.2023.1105335/

full#supplementary-material

Dziabowska-Grabias, K., Sztanke, M., Zajac, P., Celejewski, M., Kurek, K., Szkutnicki,
S., etal. (2021). Antioxidant therapy in inflammatory bowel diseases. Antioxid. (Basel) 10
(3), 412. doi: 10.3390/antiox10030412

Fu, X,, Cao, C., Ren, B., Zhang, B., Huang, Q. and Li, C. (2018). Structural
characterization and in vitro fermentation of a novel polysaccharide from sargassum
thunbergii and its impact on gut microbiota. Carbohydr. Polym. 183, 230-239. doi:
10.1016/j.carbpol.2017.12.048

George Kerry, R, Patra, J. K, Gouda, S., Park, Y., Shin, H. S., and Das, G. (2018).
Benefaction of probiotics for human health: A review. J. Food Drug Anal. 26 (3), 927-939.
doi: 10.1016/j.jfda.2018.01.002

Guan, Z. W., Yu, E. Z,, and Feng, Q. (2021). Soluble dietary fiber, one of the most
important nutrients for the gut microbiota. Molecules 26 (22), 6802. doi: 10.3390/
molecules26226802

He, X., Wang, X,, Fang, J., Zhao, Z., Huang, L., Guo, H,, et al. (2017). Bletilla striata:
Medicinal uses, phytochemistry and pharmacological activities. J. Ethnopharmacol. 195,
20-38. doi: 10.1016/j.jep.2016.11.026

He,]., Zhang, P, Shen, L., Niu, L., Tan, Y., Chen, L., et al. (2020). Short-chain fatty acids
and their association with signalling pathways in inflammation, glucose and lipid
metabolism. Int. J. Mol. Sci. 21 (17), 6356. doi: 10.3390/ijms21176356

Huang, F., Hong, R, Yi, Y., Bai, Y., Dong, L., Jia, X., et al. (2020). In vitro digestion and
human gut microbiota fermentation of longan pulp polysaccharides as affected by
lactobacillus fermentum fermentation. Int. J. Biol. Macromol. 147, 363-368. doi:
10.1016/j.ijbiomac.2020.01.059

Huang, F., Liu, Y., Zhang, R, Bai, Y., Dong, L., Liu, L., et al. (2019). Structural
characterization and in vitro gastrointestinal digestion and fermentation of litchi
polysaccharide. Int. J. Biol. Macromol. 140, 965-972. doi: 10.1016/j.ijbiomac.2019.08.170

Hu, L, Liu, R, Wang, X, and Zhang, X. (2020). The sensory quality improvement of
citrus wine through Co-fermentations with selected non-saccharomyces yeast strains and
saccharomyces cerevisiae. Microorganisms 8 (3). doi: 10.3390/microorganisms8030323

Hu, B., Yang, H, Chen, G, Sun, X,, Zou, X,, Ma, J,, et al. (2022). Structural
characterization and preventive effect on non-alcoholic fatty liver disease of
oligosaccharides from bletilla striata. Food Funct. 13 (8), 4757-4769. doi: 10.1039/
D1FO03899K

Hu, B, Ye, C, Leung, E. L, Zhuy, L., Hu, H,, Zhang, Z., et al. (2020). Bletilla striata
oligosaccharides improve metabolic syndrome through modulation of gut microbiota and

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcimb.2023.1105335/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1105335/full#supplementary-material
https://doi.org/10.1128/microbiolspec.GPP3-0042-2018
https://doi.org/10.1128/microbiolspec.GPP3-0042-2018
https://doi.org/10.1016/0003-2697(73)90377-1
https://doi.org/10.1016/0003-2697(73)90377-1
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.ijbiomac.2018.09.028
https://doi.org/10.1039/C7FO01024A
https://doi.org/10.1016/j.ijbiomac.2019.09.073
https://doi.org/10.1016/j.foodchem.2017.10.074
https://doi.org/10.1016/j.carbpol.2021.118149
https://doi.org/10.3390/nu13051655
https://doi.org/10.1016/j.ijbiomac.2018.12.081
https://doi.org/10.1021/ac60111a017
https://doi.org/10.3390/antiox10030412
https://doi.org/10.1016/j.carbpol.2017.12.048
https://doi.org/10.1016/j.jfda.2018.01.002
https://doi.org/10.3390/molecules26226802
https://doi.org/10.3390/molecules26226802
https://doi.org/10.1016/j.jep.2016.11.026
https://doi.org/10.3390/ijms21176356
https://doi.org/10.1016/j.ijbiomac.2020.01.059
https://doi.org/10.1016/j.ijbiomac.2019.08.170
https://doi.org/10.3390/microorganisms8030323
https://doi.org/10.1039/D1FO03899K
https://doi.org/10.1039/D1FO03899K
https://doi.org/10.3389/fcimb.2023.1105335
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Wang et al.

intestinal metabolites in high fat diet-fed mice. Pharmacol. Res. 159, 104942. doi: 10.1016/
j.phrs.2020.104942

Ji, X,, Yin, M., Nie, H., and Liu, Y. (2020). A review of isolation, chemical properties,
and bioactivities of polysaccharides from bletilla striata. BioMed. Res. Int. 2020, 5391379.
doi: 10.1155/2020/5391379

Kara, D., Luppens, S. B., and Cate, J. M. (2006). Differences between single- and dual-
species biofilms of streptococcus mutans and veillonella parvula in growth, acidogenicity
and susceptibility to chlorhexidine. Eur. J. Oral. Sci. 114 (1), 58-63. doi: 10.1111/j.1600-
0722.2006.00262.x

Koh, A., De Vadder, F., Kovatcheva-Datchary, P., and Backhed, F. (2016). From dietary
fiber to host physiology: Short-chain fatty acids as key bacterial metabolites. Cell 165 (6),
1332-1345. doi: 10.1016/j.cell.2016.05.041

Kong, L., Yu, L., Feng, T., Yin, X,, Liu, T., and Dong, L. (2015). Physicochemical
characterization of the polysaccharide from bletilla striata: Effect of drying method.
Carbohydr. Polym. 125, 1-8. doi: 10.1016/j.carbpol.2015.02.042

Lai, Y. L, Lin, Y. Y., Sadhasivam, S., Kuan, C. Y., Chi, C. Y., Dong, G. C, et al. (2018).
Efficacy of bletilla striata polysaccharide on hydrogen peroxide-induced apoptosis of
osteoarthritic chondrocytes. J. Polymer Res. 25 (2), 49. doi: 10.1007/s10965-018-1448-z

La Rosa, S. L., Leth, M. L., Michalak, L., Hansen, M. E., Pudlo, N. A., Glowacki, R., et al.
(2019). The human gut firmicute roseburia intestinalis is a primary degrader of dietary
beta-mannans. Nat. Commun. 10 (1), 905. doi: 10.1038/s41467-019-08812-y

Li, X,, Guo, R, Wu, X,, Liu, X,, Ai, L., Sheng, Y., et al. (2020). Dynamic digestion of
tamarind seed polysaccharide: Indigestibility in gastrointestinal simulations and gut
microbiota changes in vitro. Carbohydr. Polym. 239, 116194. doi: 10.1016/
j.carbpol.2020.116194

Lindstad, L. J., Lo, G., Leivers, S., Lu, Z., Michalak, L., Pereira, G. V., et al. (2021).
Human gut faecalibacterium prausnitzii deploys a highly efficient conserved system to
cross-feed on beta-Mannan-Derived oligosaccharides. mBio 12 (3), €0362820. doi:
10.1128/mBi0.03628-20

Liu, S., Chen, M., Wang, Y., Zhou, X,, Peng, X, Ren, B., et al. (2020). Effect of veillonella
parvula on the physiological activity of streptococcus mutans. Arch. Oral. Biol. 109,
104578. doi: 10.1016/j.archoralbio.2019.104578

Liu, J. S, Zeng, Y. X, Bi, S. Y., Zhou, J. W., Cheng, R, Li, J., et al. (2021).
Characterization and chemical modification of PLN-1, an exopolysaccharide from
phomopsis liquidambari NJUSTb1. Carbohydr. Polym. 253, 117197. doi: 10.1016/
j.carbpol.2020.117197

Liu, B., Zhang, Q., Wu, X, Fu, Y., Wang, H., Guan, Y., et al. (2019). Effect of bletilla
striata on the prevention of postoperative peritoneal adhesions in abrasion-induced rat
model. Evid. Based Complement Alternat. Med. 2019, 9148754. doi: 10.1155/2019/
9148754

Lynch, S. V., and Pedersen, O. (2016). The human intestinal microbiome in health and
disease. N Engl. J. Med. 375 (24), 2369-2379. doi: 10.1056/NEJMral600266

Ma, Y., Jiang, S., and Zeng, M. (2021). In vitro simulated digestion and fermentation
characteristics of polysaccharide from oyster (Crassostrea gigas), and its effects on the gut
microbiota. Food Res. Int. 149, 110646. doi: 10.1016/j.foodres.2021.110646

Mao, Y. H,, Xu, Y. X, Li, Y. H, Cao, J., Song, F. L., Zhao, D., et al. (2021). Effects of
konjac glucomannan with different molecular weights on gut microflora with antibiotic
perturbance in in vitro fecal fermentation. Carbohydr. Polym. 273, 118546. doi: 10.1016/
j.carbpol.2021.118546

Frontiers in Cellular and Infection Microbiology

15

10.3389/fcimb.2023.1105335

Miller, G. ,. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing
sugar. Anal. Biochem. 31 (3), 426-428. doi: 10.1021/ac60147a030

Peng, Q., Li, M., Xue, F., and Liu, H. (2014). Structure and immunobiological activity of
a new polysaccharide from bletilla striata. Carbohydr. Polym. 107, 119-123. doi: 10.1016/
j.carbpol.2014.02.042

Qu, Y, Li, C, Zhang, C.,, Zeng, R., and Fu, C. (2016). Optimization of infrared-assisted
extraction of bletilla striata polysaccharides based on response surface methodology and
their antioxidant activities. Carbohydr. Polym. 148, 345-353. doi: 10.1016/
j.carbpol.2016.04.081

Singh, R. P. (2019). Glycan utilisation system in bacteroides and bifidobacteria and
their roles in gut stability and health. Appl. Microbiol. Biotechnol. 103 (18), 7287-7315.
doi: 10.1007/s00253-019-10012-z

Song, Y., Shen, H., Liu, T., Pan, B., De Alwis, S., Zhang, W,, et al. (2021). Effects of three
different mannans on obesity and gut microbiota in high-fat diet-fed C57BL/6] mice. Food
Funct. 12 (10), 4606-4620. doi: 10.1039/DOFO03331F

Tang, C., Ding, R, Sun, ], Liu, J., Kan, J., and Jin, C. (2019). The impacts of natural
polysaccharides on intestinal microbiota and immune responses - a review. Food Funct.
10 (5), 2290-2312. doi: 10.1039/C8FO01946K

Wang, Y., Han, S., Li, R., Cui, B., Ma, X, Qi, X., et al. (2019). Structural characterization
and immunological activity of polysaccharides from the tuber of bletilla striata. Int. . Biol.
Macromol. 122, 628-635. doi: 10.1016/j.ijbiomac.2018.10.201

Xu, S. Y., Aweya, J. ], Li, N,, Deng, R. Y., Chen, W. Y., Tang, J., et al. (2019). Microbial
catabolism of porphyra haitanensis polysaccharides by human gut microbiota. Food
Chem. 289, 177-186. doi: 10.1016/j.foodchem.2019.03.050

Xu, D., Pan, Y., and Chen, J. (2019). Chemical constituents, pharmacologic properties,
and clinical applications of bletilla striata. Front. Pharmacol. 10, 1168. doi: 10.3389/
fphar.2019.01168

Yang, J., Martinez, 1., Walter, J., Keshavarzian, A., and Rose, D. J. (2013). In vitro
characterization of the impact of selected dietary fibers on fecal microbiota composition
and short chain fatty acid production. Anaerobe 23, 74-81. doi: 10.1016/
j.anaerobe.2013.06.012

Zhai, W., Wei, E., Li, R,, Ji, T., Jiang, Y., Wang, X,, et al. (2021). Characterization
and evaluation of the pro-coagulant and immunomodulatory activities of
polysaccharides from bletilla striata. ACS Omega 6 (1), 656-665. doi: 10.1021/
acsomega.0c05171

Zhang, C., Gao, F,, Gan, S, He, Y., Chen, Z, Liu, X, et al. (2019a). Chemical
characterization and gastroprotective effect of an isolated polysaccharide fraction from
bletilla striata against ethanol-induced acute gastric ulcer. Food Chem. Toxicol. 131,
110539. doi: 10.1016/j.fct.2019.05.047

Zhang, C., He, Y., Chen, Z., Shi, J., Qu, Y., and Zhang, J. (2019b). Effect of
polysaccharides from bletilla striata on the healing of dermal wounds in mice.
Evid. Based Complement Alternat. Med. 2019, 9212314. doi: 10.1155/2019/
9212314

Zhang, L., Zhan, H., Xu, W., Yan, S., and Ng, S. C. (2021). The role of gut mycobiome in
health and diseases. Therap. Adv. Gastroenterol. 14, 17562848211047130. doi: 10.1177/
17562848211047130

Zhou, X.,, Zhang, Z., Huang, F., Yang, C., and Huang, Q. (2020). In vitro digestion and
fermentation by human fecal microbiota of polysaccharides from flaxseed. Molecules 25
(19), 4354. doi: 10.3390/molecules25194354

frontiersin.org


https://doi.org/10.1016/j.phrs.2020.104942
https://doi.org/10.1016/j.phrs.2020.104942
https://doi.org/10.1155/2020/5391379
https://doi.org/10.1111/j.1600-0722.2006.00262.x
https://doi.org/10.1111/j.1600-0722.2006.00262.x
https://doi.org/10.1016/j.cell.2016.05.041
https://doi.org/10.1016/j.carbpol.2015.02.042
https://doi.org/10.1007/s10965-018-1448-z
https://doi.org/10.1038/s41467-019-08812-y
https://doi.org/10.1016/j.carbpol.2020.116194
https://doi.org/10.1016/j.carbpol.2020.116194
https://doi.org/10.1128/mBio.03628-20
https://doi.org/10.1016/j.archoralbio.2019.104578
https://doi.org/10.1016/j.carbpol.2020.117197
https://doi.org/10.1016/j.carbpol.2020.117197
https://doi.org/10.1155/2019/9148754
https://doi.org/10.1155/2019/9148754
https://doi.org/10.1056/NEJMra1600266
https://doi.org/10.1016/j.foodres.2021.110646
https://doi.org/10.1016/j.carbpol.2021.118546
https://doi.org/10.1016/j.carbpol.2021.118546
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1016/j.carbpol.2014.02.042
https://doi.org/10.1016/j.carbpol.2014.02.042
https://doi.org/10.1016/j.carbpol.2016.04.081
https://doi.org/10.1016/j.carbpol.2016.04.081
https://doi.org/10.1007/s00253-019-10012-z
https://doi.org/10.1039/D0FO03331F
https://doi.org/10.1039/C8FO01946K
https://doi.org/10.1016/j.ijbiomac.2018.10.201
https://doi.org/10.1016/j.foodchem.2019.03.050
https://doi.org/10.3389/fphar.2019.01168
https://doi.org/10.3389/fphar.2019.01168
https://doi.org/10.1016/j.anaerobe.2013.06.012
https://doi.org/10.1016/j.anaerobe.2013.06.012
https://doi.org/10.1021/acsomega.0c05171
https://doi.org/10.1021/acsomega.0c05171
https://doi.org/10.1016/j.fct.2019.05.047
https://doi.org/10.1155/2019/9212314
https://doi.org/10.1155/2019/9212314
https://doi.org/10.1177/17562848211047130
https://doi.org/10.1177/17562848211047130
https://doi.org/10.3390/molecules25194354
https://doi.org/10.3389/fcimb.2023.1105335
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	In vitro digestion and human gut microbiota fermentation of Bletilla striata polysaccharides and oligosaccharides
	1 Introduction
	2 Materials and methods
	2.1 Materials and reagents
	2.2 Preparation of BP and BO
	2.3 Characterization of BP and BO
	2.3.1 Chemical composition analysis
	2.3.2 Molecular weight determination
	2.3.3 Monosaccharide composition analysis
	2.3.4 Methylation analysis of BP

	2.4 In vitro digestion of BP and BO
	2.4.1 In vitro saliva digestion
	2.4.2 In vitro gastric digestion
	2.4.3 In vitro simulated intestinal fluid digestion

	2.5 In vitro fermentation and subsequent broth analysis of BP and BO
	2.5.1 In vitro fermentation
	2.5.2 Composition changes of fermentation broth
	2.5.3 Gut microbiota analysis of fermentation broth
	2.5.4 Abundance quantification of gut microbiota at genus levels by qRT-PCR
	2.5.5 Detection of short-chain fatty acids
	2.5.6 Antioxidant activity of fermentation broth

	2.6 Statistical analysis

	3 Results
	3.1 Chemical composition of BP and BO
	3.2 In vitro digestion changes of BP and BO
	3.3 Effect of BP and BO on human gut microbiota by in vitro fermentation
	3.3.1 Changes of OD600 and pH during in vitro fermentation
	3.3.2 Changes of total carbohydrate and reducing sugar in vitro fermentation
	3.3.3 Changes in molecular weights of BP and BO during in vitro fermentation
	3.3.4 Effects of BP and BO on composition of gut microbiota during in vitro fermentation
	3.3.5 Effects of BP and BO on SCFA levels produced by gut microbiota during in vitro fermentation
	3.3.6 Antioxidant activity analysis on fermentation broth of BP and BO group


	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


