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Abstract

The efficacy of probiotic health products depends on the capability of the constituent probiotic
bacteria to survive through long period of cold storage and the gastrointestinal tract. This study
was to evaluate the protective effects of a high-molecular weight (MW) exopolysaccharide (EPS)
from a medicinal fungus Cs-HK1 on three different bifidobacteria. The EPS had a total dietary
fiber content about 70% (w/w), which was close to its total carbohydrate content. It was resistant
to artificial gastric acid (pH2) with no more than 4% (w/w) hydrolysis in 6 hours. EPS at 5 g/L
significantly increased the survival rate of the probiotic bacteria during cold storage (4 °C) and
in simulated gastric acid, reducing the death rate of different bacterial strains by 50% to 70%.
The protective effect of EPS was weaker when the concentration was decreased to 3 g/L or when
the MW of EPS was reduced by partial degradation with power ultrasound. EPS also showed
significantly protective effect on the all bacterial strains in bile juice. The results have
demonstrated the potential value of Cs-HK1 EPS as a novel prebiotic fiber for the formulation

of synbiotic products with probiotic bacteria.

Keywords: Bifidobacteria; Survival; Polysaccharide; Cold storage; Gastrointestinal conditions

1. Introduction
Recent years has witnessed an enormous interest worldwide in the development of probiotic,

prebiotic and synbiotic products targeting a healthy human gut microbiota [1, 2]. Human uptake
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of probiotic microorganisms has been regarded as an effective strategy for balancing the gut
microbiota so as to improve gut health and lower the risk of various diseases such as metabolic
syndrome, inflammation the brain and skin [3, 4]. Other potential health benefits of probiotic
ingestion include increase of mineral absorption, immunity enhancement, inhibition of tumor
formation and hypercholesterolemia prevention [5-7]. Bifidobacterium is one of the most
common probiotic species used in functional foods and dietary supplements [8]. As an effective
probiotic product, the constituent bacteria should be resistant to the harsh conditions in the
gastrointestinal tract (GIT), especially gastric acid and bile salt, reaching the large intestine alive
to exert an influence on the gut microflora. The number of viable bacteria is an important quality
index of probiotic products and is also essential for achieving the desired effects on the host [9].
Various measures have been explored to enhance the survival rate of probiotics, such as
screening for high tolerance strains, encapsulation, and supplementation of polysaccharides and
oligosaccharides [10-12]. Supplementation of carbohydrate fibers is a relatively simple approach
and is also possible to add extra benefits to the products, such as the prebiotic fibers in synbiotic
products.

Edible and medicinal fungi or mushrooms provide a rich and diverse source of natural
polysaccharides which are recognized as potential prebiotic candidates [13]. In addition to the
few well-known B-glucans which have been applied to anticancer and immunotherapy [14],
many homo- and hetero-glycans have been isolated from mushrooms or fungal mycelia [15, 16].
Most of the bioactive fungal polysaccharides are resistant to the digestive enzymes in the human
GIT and their health benefits and bioactivities such as immunomodulation and anti-inflammation

may involve the modulation of gut microbiota [15, 17].
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Cordyceps sinensis, the Chinese caterpillar fungus, is a precious medicinal fungus in
traditional Chinese medicine (TCM) for treatment of diseases related to the lung, kidney,
and respiratory systems and for promotion of health and physical performance [18]. Because the
wild caterpillar fungus called Dong Chong Xia Cao in Chinese is very rare and expensive,
mycelial fermentation has become the major resort for Cordycpes sinensis products. The
mycelial culture of a C. sinensis fungus Cs-HK1 has been established in our lab for fermentation
production of the mycelial biomass and polysaccharides [19]. The exopolysaccharides (EPS)
produced by Cs-HK1 fungus in liquid fermentation have shown notable antitumor,
immunomodulatory and antioxidant activities in our previous studies [20]. In our recent studies,
the high MW fractions of Cs-HK1 EPS (~10°-10% Da) showed significant protective effects on
bacterial viability in normal culture conditions [21] and during exposure to antibiotics [22].

The aim of the present study was to further evaluate the potential of the Cs-HK1 EPS as a
protective additive during the storage of probiotic bacteria and as a dietary, prebiotic fiber in the
human GI environment. Experiments were performed in liquid cultures of some common
probiotic strains of Bifidobacterium. The original EPS from the Cs-HK1 mycelial fermentation
and a partially degraded EPS by power ultrasound were tested together with two well-known
prebiotic fibers inulin and galactooligosaccharide (GOS) on the bacterial survival rate during

cold storage and in simulated gastrointestinal conditions.

2. Methods and materials

2.1 Cs-HK1 mycelial fermentation and preparation of EPS fractions
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with a Ubbelohde viscometer at 25 °C [24]. The apparent viscosity of EPS and EPS-US solutions
was measured by a rheometer (AMETEK Brookfield, USA). The size distribution of EPS and
EPS-US aggregates in water was measured at room temperature by a nanoparticle (405 nm)
tracking analyzer (Nanosight NS300HSBF). The solubility of EPS and EPS-US in water was

determined by the method previously used for starch [25].

2.3 Analysis of dietary fiber content in EPS

The total dietary fiber content was determined by the assay kit (TDF-100A, Sigma-Aldrich,
USA). Briefly, EPS samples were first treated by heat stable o-amylase, protease and
amyloglucosidase to remove protein and starch. Ethanol (95%, w/v) was then added for
precipitation. The residues were filtrated and washed by ethanol and acetone. After drying, the
residues were analyzed for the protein by Kjeldahl method and ash at 525 °C. The total dietary
fiber was the weight of the residue less the weight of the protein and ash. Calculation equation

was provided by the assay kit.

2.4 Degradation of EPS in simulated gastric acid

EPS and EPS-US were tested for acid resistance according to Tingirikari et al. [26] with
minor modifications. Simulated gastric acid was prepared using hydrochloric acid buffer
containing 8 g/L NaCl, 0.2 g/l KCI, 8.25 g/l NaHPO4:2H:0, 14.35 g/ NaH2POs4, 0.1 g/L
CaCl2-2H20, 0.18 g/L. MgCl2-:6H20. The pH of the buffer was adjusted to 2 with 5 M HCI. The
EPS was dissolve in water at 5 g/L; 1 mL of the EPS solution was mixed with 2 mL simulated

gastric acid was incubated in 37 °C for 6 h, during which sample was taken every hour. The

6
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reducing sugar content in the sample was determined by DNS method [27] and total sugar

content was determined by anthrone test [28].

2.5 Probiotic bacterial species and culture conditions

Three strains of Bifidobacterium were used in this study including B. adolescentis (CICC
6070), B. infantis (CICC 6069), and B. infantis (R33). The first two were obtained from China
Centre of Industrial Culture Collection (CICC) and the third was from Biostime Inc. (Guangzhou,
China). The conditions for storage and incubation of the bifidobacteria have been described
previously [21]. The bacterial culture was initiated by inoculation of each strain taken out of the
storage (30% glycerol at -80 °C) in Reinforce Clostridial Medium (RCM) agar on a petri dish
and incubation for about 2 days. A single colony on the agar plate was picked out and inoculated
into RCM liquid broth and incubated overnight. The bacterial suspension was then subcultured
at 2% (v/v) into RCM broth. All bacterial cultures were incubated at 37 °C under anaerobic
condition in air-tight jars with anaerobic gas generating sachets (AnaeroGen TM, Thermo
Scientific Oxoid, USA) [29]. For liquid cultures, the jar was placed on a shaking incubator
running at 200 rpm. The CFU of the bacterial growth was determined on selected days over 28

days.

2.6 Cold storage of probiotic bacteria and measurement of H>O:
After 24 hours of incubation in broth, the bacterial cells were centrifuged at 5000 rpm for
10 min. The bacterial pellets were washed twice with sterile saline (0.9% w/v NaCl solution) [11]

and then were re-suspended in 2 mL centrifuge tube containing 1 mL EPS sample solution (5
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g/L) or sterile saline (control). These mixture solutions were stored at 4 °C for 28 d. The viability
of the probiotics was determined using RCM agar at 0, 7, 14, 21 and 28 d. Galacto-
oligosaccharide (GOS) and inulin (5 g/L) were tested as prebiotic references. According to the
results, EPS had the best effect on bifidobacterial viability at 4 °C so that EPS solution at different
concentrations (1, 3, 5 g/L) was also tested on bifidobacteria at 4 °C. All the media, sample
solutions and centrifuge tubes were sterilized before use by autoclaving at 120 °C for 20 min.
The percentage of death rate reduction was estimated by (1-Rd of EPS/Rd of control), where the
death rate (Rd) is given by (CFU at time 0 —CFU at time t)/t.

It has been suggested that the oxygen-sensitive bifidobacterial species could produce H202
in the presence of oxygen which is toxic to the bacterial cells [30]. Therefore the concentration
of H20: in the bifidobacterial culture medium after storage at 4 °C was determined by H202 assay

kit (BC3595, Beijing Solarbio Science& Technology Co., Ltd, China).

2.7 Probiotic bacteria in simulated gastrointestinal conditions

The sample solution suspended with bacteria was prepared in the same way as that
described in 2.6. The survival rates of the probiotic strains in sample solutions were examined
according to Michida et al. [11] and Chou et al. [31] with slightly modified. 0.5 mL of the
bacterial suspended solution was mixed with 1 mL simulated gastric acid (HCI solution buffer,
pH = 2) or bile juice (0.3% w/v bile salt in saline, pH = 8). pH was adjusted by HCI and NaOH.
The bacteria were maintained at 37 °C for 3 hours, and the viability of the bacteria was
determined using RCM agar at selected time points from 0-3 h for evaluation of gastric acid and

bile juice tolerance. All the media and sample solution were sterilized before use by autoclaving
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at 120 °C for 20 min, and the simulated gastric acid and bile juice were sterilized by membrane

filtration.

2.8 Scanning electron microscopy

The morphology of the bacterial cells and EPS samples and their mixture was monitored
by scanning electron microscope (SEM). Due to the similar trend of the effect contributed by
EPS samples on different bacterial strains, only B. adolescentis was applied for SEM detection.
B. adolescentis was first cultured in RCM broth for 24 h as described in 2.5 and then centrifuged
at 5000 rpm for 10 min and the pellets were washed twice with sterile saline and resuspended in
EPS sample solution (5 g/L). Inulin was also tested for comparison. The mixtures were
immediately frozen by liquid nitrogen, followed by freeze drying. The dried samples were coated

with gold. SEM was performed with a JSM 6710 SEM (JEOL Ltd., Tokyo, Japan).

3. Results and discussion
3.1 Physical properties of EPS samples

As shown in Fig. 1A, the original EPS had two overlapping high MW peaks around 1.03 x
10% and 1.33 x 107 Da, respectively. After ultrasonic treatment, the two high MW peaks of EPS-
US were shifted to lower MW ranges of around 5.99 x 107 and 7.79 x 10° Da, respectively. Both
the intrinsic and apparent viscosity of EPS were decreased by the treatment of ultrasound (Fig.
1B & Table 1) while the solubility of EPS was increased significantly from 8.83 to 20.08 g/L.
The particle sizes of EPS and EPS-US were 17.28 nm and 9.85 nm respectively (Fig 1C & Table

1), implying that the EPS samples existed in the form of hydrocolloids in water.

9
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The total dietary fiber content in EPS and EPS-US was 68.9% and 60.1%, respectively. As
the total carbohydrate content of EPS was 71%, most of the EPS carbohydrates belong to non-
digestible fiber that are resistant to the digestive enzymes in human digestive system. As shown
in Fig. 2 EPS and EPS-US were very resistant to simulated gastric acid, with no more than 5%
(w/w) hydrolyzed to reducing sugar over 6 h. The higher degradation rate of EPS-US (4.15%,
w/w) than EPS (2.64%, w/w) was probably due to the fact that the aggregates of EPS-US were
much smaller and looser, and more accessible for the acid in solution. The high intensity
ultrasound (US) can cause disruption of the EPS aggregates, reducing the solution viscosity and
increasing the water solubility significantly [32]. Inulin, a commercial prebiotic, was hydrolyzed
more than 25% (w/w) in the gastric acidic solution [26, 33]. This suggests that the acidic
tolerance of EPS samples were much higher than inulin. The high resistance of EPS and EPS-
US to the digestive enzymes and simulated gastric acid warrants their function as dietary fibers

or prebiotics useful for the gut bacteria in the large intestine.

3.2 Bacterial survival and H20: accumulation during cold storage

Fig. 3 shows the viability time courses of three bifidobacteria during cold storage at 4 °C.
All three strains of bifidobacteria in the control, inulin and GOS groups died out within 28 days
or a shorter period. EPS and EPS-US had a significant protective effect on the survival rate of
all strains. B. infantis (R33) was most susceptible among the bifidobacterial strains at low
temperature and died rapidly within two weeks in the control, but retained a survival rate above
10> CFU/mL in the presence of EPS or EPS-US. The protective effect of EPS was slightly

stronger than that of EPS-US for B. adolescentis.
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For a more quantitative comparison of the protective effects of various carbohydrates, Table
2 presents the percentage values of death rate reduction that are derived from experimental data
in Figs 3&5. Overall, the protective effects of EPS and EPS-US on the probiotic bacteria were
much stronger than inulin and GOS. EPS and EPS-US showed significant effect on all bacteria
species in cold storage. Although inulin has been previously shown to maintain the viability of
probiotics [34], it only increased the survival rate of B. adolescentis (CICC 6079) and B. infantis
(R33) during the cold storage.

A possible cause for the cell death during cold storage is attributed to the oxidative stress
produced by the reactive oxygen species such as H202. Some of the O2-sensitive bifidobacteria
02 could produce H202 in the presence of O2 which was toxic to the bifidobacteria [35, 36]. To
confirm this postulation, the H202 concentration in the liquid medium of three bifodonacteria at
the end of cold storage was measured. As shown in Table 3, B. adolescentis and B. infantis (R33)
produced a much higher level of H2Oz than B. infantis (CICC6069), suggesting that the first two
strains were more sensitive to oxygen. Consistently with the results shown in Fig. 3, the B.
infantis (CICC6069) strain also survived longer than the first two bifidobacterial strains.
Moreover, the addition of EPS and EPS-US significantly decreased the level of H2O2 produced
by B. adolescentis and B. infantis (R33) compared to the control. The reduction of H202
production may be attributable to the high viscosity of EPS, increasing the resistance of oxygen
access to the bacteria. Overall, this set of results provided supporting evidence for the postulation
that H2O: is a major factor contributing to the cell death during cold storage in previous studies.
In this connection, the protective effect of EPS on the bifidobacteria may also be attributable to

its antioxidant activity as reported previously [37].
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Additional experiments were also performed on the survival of bifidobacteria stored at the
normal culture temperature of 37 °C. All three bifidobacterial strains died out much faster than
during cold storage at 4 °C. In the EPS solution (without any growth nutrients), three of the
bifidobacteria strains died out within a week (data not shown) and only B. infantis (CICC 6069)
retained a CFU of 413 + 97 /mL on day 7 but died out in two weeks. In the normal culture
medium without EPS, all bifidobacteria died within two weeks (Fig. 4). The less significant
protective effect of EPS and EPS-US at 37 °C than at 4 °C was probably attributed to the lower

viscosity at the higher temperature.

3.3 Bacterial survival in gastric acid

Fig. 5 shows the viability trend of probiotic bacteria during incubation in simulated gastric
acid for three hours. Although B. infantis (R33) was very susceptible to oxygen stress and
nutrient deficiency, it was relatively tolerant to the acid stress with slower reduction of viability
in the control group. EPS, EPS-US and GOS significantly increased the gastric acid survival of
all three probiotic bacteria compared to the control group, while inulin showed some positive
effect only on B. adolescentis (CICC 6070).

For a more quantitative comparison of the protective effects of various carbohydrates, Table
2 presents the percentage values of death rate reduction that are derived from experimental data
in Figs 3 & 5. EPS and EPS-US showed significant effect on all bacteria species in both cold
storage and gastric acid. Table 4 presents the percentage values of death rate reduction of EPS
at three different concentrations, 1, 3, 5 g/L. In most cases, the protection effect (death rate

reduction) with EPS was significantly lower at a lower concentration.
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Bacterial cells have developed the general stress response (GSR) system to cope with
nutrient starvation and various environmental stresses [38]. It has been reported that GSR can be
triggered at a high cell density [39, 40]. In this study, the GSR mechanism may be a possible
contributor to protective effect of EPS on the probiotic bacteria in various stress conditions as
the bacteria cells were agglomerated in the EPS gels to a high density. In addition, the bacterial
cell density may also affect their acid tolerance due to the quorum sensing. Besides the GSR,
bacterial cells have the acid tolerance response (ATR) system for the better survival in acidic
conditions [3, 41]. As reported by Li et al. [42], the high cell density of Streptococcus mutans
could modulate ATR to gain a significantly higher resistance to lethal pH. This suggests that

cell-cell communication plays an important role in bacterial resistance to acid stress.

3.4 Bacterial survival in bile juice

Table 5 shows the survival rate of probiotic bacteria in bile juice with EPS, EPS-US, inulin
and GOS. All of the three strains had a very low survival rate in bile juice, which was mainly
attributed to the alkaline environment of bile juice (pH 8) plus the antimicrobial activity of bile
salt. Bile salts could cause disruption of the cell membrane and DNA damage [43]. After
incubation in the bile juice for 3 hours, nearly all bifidobacterial cells died out in the control,
GOS and inulin groups, and viable cells were only present in the EPS groups. EPS showed a
significant protective effect on the three bacterial strains with a notable survival rate. The
protective effect of EPS was weak or negligible as the concentration was lowered to 3 g/L. and 1

g/L.
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Both inulin and GOS are well-known prebiotic carbohydrates that can support the growth
of probiotic bacteria [44, 45]. The increasing viability of some strains by inulin or GOS can be
partly attributed to their nutritional effect. As reported previously by our group [21], GOS was a
favorable carbon source as glucose, but EPS, EPS-US or inulin was not well utilized for the
growth of bifidobacteria in culture. Therefore, the ability of EPS and EPS-US to sustain the
bacterial survival in various conditions can be mainly attributed to protective effect. In a recent
study [46], a viscous layer formed on the B. adolescentis was regarded as a major contributing
factor for protecting the bacteria from antibiotic damage and atomic force microscope (AFM)
was applied to visualize the layer. Physical interactions of the bacteria cells with the EPS
aggregates and gels in the liquid medium might also contribute to the protective effect in this
study. Moreover, the formation of biofilm by bacteria may also increase the resistance to
detrimental factors and harsh conditions, which is facilitated by an EPS gel matrix surrounding
the bacteria cells [47]. In the following experiments, scanning microscopy (SEM) was applied

to detect these phenomena possibly occurring to the bifiodobacterial cells with the EPS.

3.5 Interactions between bacterial cells and polysaccharides

Fig. 6 shows the SEM images of B. adolescentis cells in three polysaccharide solutions,
EPS, EPS-US and inulin. EPS and EPS-US formed planner sheets of aggregates on which rod-
shaped bacteria cells were attached. Inulin appeared as clusters of aggregates with relatively few
bacteria cells protruding from the outer periphery. Many bacteria cells were attached on the EPS
aggregates but very few on EPS-US and inulin. The immobilization or encapsulation of

probiotics by polysaccharide gels is recognized as an important factor contributing to the
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tolerance of probiotic bacteria to environmental stress, thus increasing their survival rate [48,
49]. The bacterial cells attached to or entrapped by EPS and EPS-US aggregates are less exposed
to the stress factors and conditions in their surroundings. Compared to EPS-US, EPS was more
viscous in liquid solution and more capable to immobilize the bacterial cells, conferring a
stronger protective effects. As the concentration of EPS was decreased, the viscosity of solution

decreased and the protective effect was also weaker.

4. Conclusions

The EPS from Cs-HK1 mycelial fermentation has shown notable protective effect on
probiotic bacteria in three practical conditions, cold storage, acidic pH and bile salt. The
protective effect was mainly associated with the physical properties of EPS, namely the high
MW and high liquid viscosity, and was weaker after partial degradation by power ultrasound.
The commercial prebiotics such as inulin and GOS with much lower MW showed little or no
protective effect. Firstly, the viscous EPS surrounding the bacterial cells may slow or block the
access of the stress factors to the bacterial cells. Secondly, the immobilization or attachment of
bacterial cells to the EPS gel matrix is also favorable for the bacterial survival under stress. With
the protective effect on the probiotic bacteria in various conditions plus its high dietary fiber
content and high resistance to gastric acid hydrolysis, EPS is a potential health supplement to be

used separately or in combination with probiotic bacteria for improving gut microbiota.
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Table 1 Physical properties of EPS and EPS-US

Intrinsic viscosity (dL/g) Solubility (g/L) Average particle size (nm)
EPS 6.03+£0.98 8.83£0.76 17.28 £ 4.93
EPS-US 4.65+0.72 20.08 +£0.63 9.85+2.53
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1237
1238
1239
1240 457  Table 2 Reduction (%) of bifidobacterial death rate during cold storage and in simulated gastric
1241
1242

1043 458  acid with EPS and other carbohydrate fibres (all at 5 g/L in the culture medium).

1244

1245 Bacterial species GOS Inulin EPS EPS-US
1246

1247
1248
1249
1250 B. adolescentis (CICC 6070) 0.7 25.3 49.9 48.3
1251

Eg; B. infantis (CICC 6069) 0.4 -1.3 65.8 47.6

1254 . ‘
1255 B. infantis (R33) 35.4 34.6 71.8 72.6

Cold storage (4°C, 28 days)

1256
1257 Simulated gastric acid
1258
1259
1260
1261
1262 B. infantis (CICC 6069) 36.9 -5.5 49.3 40.3
1263

1264 B. infantis (R33) 30.8 6.7 70.8 70.0
1265

B. adolescentis (CICC 6070) 33.6 26.5 68.0 50.3

1266 459
1267
1268 460
1269
1270
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1272
1273
1274
1275
1276
1277
1278
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Table 3 Accumulation of H202 (umol/mL) by bifidobacteria after cold storage at 4 °C.

Bacterial strains Control GOS inulin EPS EPS-US

B. adolescentis 047+0.14 055+0.12 027+0.12 0.14+0.03* 0.23+0.10
B. infantis (R33) 0.74+£0.08 059+0.16 044+0.11 0.36+0.07* 0.52+0.06*
B. infantis (CICC6069) 0.19+0.16 0.16+0.14 0.14+0.04* 0.16+£0.08 0.15+0.09

*: significant at p < (.05 by t-test
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1355
1356
1357
1358 464  Table 4 Reduction (%) of bifidobacterial death rate during cold storage and in simulated gastric
1359

1360 . . . . . .
1361 465 acid with different concentrations of EPS in the culture medium.

1362

1363 Bacterial species EPS-1 EPS-3 EPS-5
1364

1365
1366
1367
1368 B. adolescentis (CICC 6070) 24.8 234 49.0
1369

gg’ B. infantis (CICC 6069) 54.2 55.1 67.3

1372 o
1373 B. infantis (R33) 50.5 72.2 72.4

Cold storage (4°C, 28 days)

1374
1375 Simulated gastric acid
1376
1377
1378
1379
1380 B. infantis (CICC 6069) -1.6 32.5 39.2
1381

1382 B. infantis (R33) 16.5 30.6 55.3
1383

B. adolescentis (CICC 6070) 4.4 76.2 80.9

1384
1385 466  Note: EPS-1, EPS-3 and EPS-5 for EPS added to the culture medium at 1, 3, and 5 g/L,

1386
1387 467  respectively.
1388
1389 468
1390
1391
1392
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1414
1415
1416
1417 469  Table 5 Survival rate (%) of bacterial strains after 3 h incubation in bile juice with EPS and other
1418

1419 . . .
1400 470  carbohydrate fibers (all at 5 g/L or specified concentrations in culture).

1421
1422 B. adolescentis B. infantis B. infantis
1423
1424

e (CICC 6070) (CICC6069) (R33)

1426
1427 Control <0.001 <0.010 <0.010

1428
1429 GOS <0.001 <0.010 <0.010
1430

1431 .

1432 Inulin <0.001 <0.010 <0.010
1433

1434 EPS 0.063 =+ 0.030 0.67 +0.20 0.97+0.18
1435
1436

1437 EPS-US <0.001 <0.010 <0.010

1438

1439 EPS at different concentrations (EPS-1,-3,-5: EPS at 1, 3, 5 g/L).

1440

144l Control <0.001 <0.010 <0.010
1442

1443

1444 EPS-1 <0.001 <0.010 <0.010

1445
1446 EPS-3 <0.001 <0.010 0.47+0.11
1447
1448

1449 EPS-5 0.055 +£0.020 0.84 +0.17 1.01 £0.28

1450
1451 471
1452
1453 472
1454
1455
1456
1457
1458
1459
1460
1461
1462
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1466
1467
1468
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<Figure captions>

Fig. 1. Physical properties of EPS and EPS-US.

Fig. 2. Hydrolysis of EPS and EPS-US (to reducing sugar) in simulated gastric acid (37 °C).
Fig. 3. Viability of bifidobacteria with EPS and other carbohydrate fibers (5 g/L) during cold
storage at 4°C for 28 d.

Fig. 4. Viability change of bifidobacteria maintained in liquid culture medium (RCM broth) at
37°C and 200 rpm over long period.

Fig. 5. CFU of Bifidobacteria in simulated gastric acid with different polysaccharide solution (5
g/L) during 3 h incubation.

Fig. 6. SEM image of B. adolescentis trapped by different polysaccharides.
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Fig. 2. Song et al.




1650

1651

1652

1653 494

1654

1655

1656 8
1657
1658
1659
1660
1661
1662 - -F - Control
1663 —/— Inulin —o— EPS
1664 —o0— EPS-US

B. infantis (CICC 6069)

Log CFU/mL
N

1665 0 7
B. adolescentis (CICC 6070)

1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689 495

CFU /mL (log)

Log CFU /mL

0 7 14 21 28
Time (d)

1690
1691 Fig. 3. Song et al.

1692

1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706 29
1707
1708



1709
1710
1711
1712 496
1713
1714
1715
1716 10 —A— B. adolescentis

1717 —s¢— B. infantis (CICC 6186)

1718 . .
—B—B. infantis (R33
1719 4 (R39)

1720
1721
1722
1723 2
1724

1725 0
1726 0 7 14 21 28
1727 497 Culture period (d)

1728

1729 498

1730

CFU / mL (Log)

1731 499
1732 Fig. 4. Song et al.
1733

1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765 30
1766
1767



1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826

500

501

502

503

504

@)}

CFU / mL (log)
W

N

—_
oS W

CFU / mL (log)
9w B L o 9 ® O

CFU / mL (log)
W o

i

B. infantis (CICC 6069)

--0-- Control —0— GOS
—— Inulin —O— EPS
—O— EPS-US

B. infantis (R33)

1 2
Time (h)

31

Fig. 5. Song et al.
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