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Abstract

The energy-salvaging capacity of the gut microbiota from dietary ingredients has been proposed as a contributing factor for the
development of obesity. This knowledge generated interest in the use of non-digestible dietary ingredients such as prebiotics to manipulate
host energy homeostasis. In the present study, the in vitro response of obese human faecal microbiota to novel oligosaccharides was
investigated. Dextrans of various molecular weights and degrees of branching were fermented with the faecal microbiota of healthy
obese adults in pH-controlled batch cultures. Changes in bacterial populations were monitored using fluorescent in situ hybridisation
and SCFA concentrations were analysed by HPLC. The rate of gas production and total volume of gas produced were also determined.
In general, the novel dextrans and inulin increased the counts of bifidobacteria. Some of the dextrans were able to alter the composition
of the obese human microbiota by increasing the counts of Bacteroides— Prevotella and decreasing those of Faecalibacterium prausnitzii
and Ruminococcus bromii/R. flavefaciens. Considerable increases in SCFA concentrations were observed in response to all substrates. Gas
production rates were similar during the fermentation of all dextrans, but significantly lower than those during the fermentation of inulin.
Lower total gas production and shorter time to attain maximal gas production were observed during the fermentation of the linear 1kDa
dextran than during the fermentation of the other dextrans. The efficacy of bifidobacteria to ferment dextrans relied on the molecular
weight and not on the degree of branching. In conclusion, there are no differences in the profiles between the obese and lean human
faecal fermentations of dextrans.
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bacteroides, but are poorly metabolised by potentially patho-

It is now well known that the composition of the colonic
microbiota can be modified by changes in diet, for instance,
by supplementation with prebiotics aiming to improve or main-
tain host health™”. Dietary prebiotics are defined as ‘selectively
fermented ingredients that result in specific changes in the
composition and/or activity of the gastrointestinal microbiota,
thus conferring benefit(s) upon host health’®.

To date, the majority of studies on prebiotics have focused
on inulin, fructo-oligosaccharides and galacto-oligosaccharides
due to their selective fermentation and their history of safe
commercial use. However, there are some candidate prebiotic
oligosaccharides under investigation, including a—glucanﬁ) .
Dextran is a complex a-1,6 glucan with additional «-1,2,
a-1,3 and o-1,4 branching produced by lactic acid bacteria
of the genera Leuconostoc, Streptococcus, Lactococcus and
Lactobacillus?. The «-1,2 glycosidic linkages present are
able to resist hydrolysis by digestive enzymes in both humans
and animals®. In addition, these gluco-oligosaccharides are
selectively metabolised by bifidobacteria, lactobacilli and

genic bacteria such as enterobacteria and clostridia®. A recent
study has demonstrated the prebiotic potential of dextrans
using in vitro culture experiments with healthy, lean human

8. Low-molecular-weight dextran (linear

faecal microbiota
and a-1,2 branched) has been found to selectively increase
Bifidobacterium populations.

The human gut microbiota is dominated by two major phyla:
Bacteroidetes and Firmicutes, while bacteria belonging to the
Actinobacteria, Proteobacteria, Verrucomicrobia, Fusobacteria
and Cyanobacteria phyla are present in lower numbers® .
Over the past 5 years, some animal studies have focused on
the role of gut microbiota in energy utilisation, host metabolism
and adiposity. It is thought that the gut microbiota of obese
rodents may be more efficient at salvaging energy from the
diet than the microbiota of lean animals“®'V. An increased
ratio of Firmicutes:Bacteroidetes has been hypothesised to be
relevant to obesity. A study has found that genetically obese
mice have a higher proportion of Firmicutes relative to

*Corresponding author: S. R. Sarbini, fax +60 86855415, email s.r.sarbini@gmail.com

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd £/ 1z00v LSt L LL000S/LLOL 0L/Bio 10p//:sdny


https://doi.org/10.1017/S0007114514002177

o

British Journal of Nutrition

1304 S. R. Sarbini et al.

Bacteroidetes compared with lean mice"'?. A further in vivo
study investigating the faecal microbiota in healthy adults has
suggested that obese individuals have a higher Firmicutes:
Bacteroidetes ratio than lean individuals"®
study only determined changes in the bacterial groups of the
Bacteroidetes and Firmicutes phyla each containing various
genera (twenty genera in Bacteroidetes and 250 genera in
Firmicutes) that have diverse metabolic capabilities. Therefore,
identifying changes through analysis at the phylum level
rather than at the genus level could be misleading. Some
more recent studies*!> have contradicted these findings as
they have failed to find any differences in the composition
of Bacteroidetes populations between lean and obese indivi-
duals. Therefore, the role of the gut microbiota in obesity
remains unclear.

Some in vivo animal studies'®'” have demonstrated that
diet composition, but not the obese state, causes changes in
the composition of the gut microbiota. This raises the
possibility of developing functional foods such as prebiotics
that may influence microbiota composition and could be
consumed as part of a weight management diet.

The main aim of the present study was to investigate the
response of the obese human faecal microbiota to novel
dextrans. These substrates of various molecular weights and
degrees of branching could reveal some structure-to-function
information. Another aim was to evaluate the fermentation
profiles of various dextrans incubated over time (0, 10,
24 and 36h). In addition, the fermentation rate of the
substrates via gas production measurement was determined.
Slower-fermenting nutrients may be advantageous for
obese individuals, as energy would be made available more
gradually. Fermentation parameters were compared with
dextran fermentation

experiments using lean human faecal microbiota”.

. However, this

those obtained in our previous
Direct
statistical comparison can be made as a similar experimental

design was used in both studies.

Materials and methods
Materials

Unless stated otherwise, all reagents and chemicals used
were purchased from Sigma Laboratories. The following
tentative prebiotics, synthesised as described previously”,
were evaluated: dextran 1kDa (molecular weight: 1000 Da);
dextran 1kDa with 16% «-1,2 linkages (molecular weight:
1200 Da); dextran 1kDa with 32% «-1,2 linkages (molecular
weight:  1500Da); dextran 6kDa (molecular weight:
6000 Da); dextran 6kDa with 33% «-1,2 linkages (molecular
weight:  9000Da); dextran 70kDa (molecular weight:
70000Da); dextran 70kDa with 15% «-1,2 linkages
(molecular weight: 80000Da); dextran 70kDa with 37%
a-1,2 linkages (molecular weight: 11000Da). Their main
features including degree of purity, total dietary fibre percen-
tage, theoretical molecular weights and degree of branching
have been reported previously””. Inulin Frutafit TEX
(Sensus) was used as a positive prebiotic control. All test
substrates were supplied by Tate & Lyle Innovation Centre.

Faecal inocula

Faecal samples were obtained from four male, apparently
healthy obese volunteers (BMI: 35-40kg/m? age: 30-36
years) who were free of known metabolic and gastrointestinal
diseases (e.g. diabetes, ulcerative colitis, Crohn’s disease,
irritable bowel syndrome, peptic ulcers and cancer) and had
not taken antibiotics for 6 months before participation in the
study. The samples were collected on site, kept in an
anaerobic cabinet (10% H,, 10% CO, and 80% N,) and
used within a maximum of 15min after collection. The
samples were diluted 1/10 (w/w)
(0-1M-phosphate buffer solution, pH 7-4) and homogenised
(Stomacher 400; Seward) for 2min at ‘normal’ speed.

in anaerobic PBS

In vitro fermentations

Sterile, stirred batch culture fermentation systems (50ml
working volume) were set up and aseptically filled with
45ml of sterile, pre-reduced, basal medium (2g/1 peptone
water (Oxoid), 2g/l yeast extract (Oxoid), 0-1g/l NaCl,
0-04g/l K,HPO,, 0-04g/l KH,PO, 001g/l MgSO,.7H,O,
0-01 CaCl,.6H,O, 2g/l NaHCO;, 2ml Tween 80 (BDH),
0-05g/1 haemin, 10l vitamin K;, 0-5g/1 cysteine.HCl, and
0-5g/1 bile salts, pH 7:0) and gassed overnight with oxygen-
free N, (15 ml/min).

The carbohydrates (eight dextrans and inulin, 1/100, w/w)
were added to the respective fermentation vessels just
before the addition of the faecal slurry. Culture temperature
was kept at 37°C and the pH was controlled between 6-7 and
6-9 using an automated pH controller (Fermac 260; Electro-
lab), and vessels were continually supplied with oxygen-free
N, (15ml/min). Each vessel was inoculated with 5ml of
fresh faecal slurry (1/10, w/w). Cultures were run over a
period of 36h, and the samples (5ml) were removed from
each vessel at 0, 10, 24 and 36 h for fluorescent in situ hybrid-
isation and HPLC analysis. A total of four replicate batch
culture fermentations were set up, each inoculated with one
of the four different obese human faecal slurries.

Bacterial enumeration

Synthetic oligonucleotide probes targeting specific regions of
16S rRNA labelled with the fluorescent dye Cy3 were utilised
for the enumeration of bacterial groups (Table 1) according
to the previous procedure”. Labelled cells were visualised
using fluorescent microscopy.

Samples (375 pD obtained from each vessel at each sampling
time point were fixed for 4h (4°C) in 1125ul of 4% (w/v)
paraformaldehyde. The fixed cells were centrifuged at 13000 g
for 5min and washed twice with 1 ml of filtered sterilised PBS.
The washed cells were resuspended in 150 pl of filtered PBS
and stored in 150 pl of ethanol (99%) at —20°C for at least
1h before further processing. The samples (10 pD) were diluted
in a suitable volume of PBS to obtain 20—100 fluorescent cells
in each field of view, and 20l of the above solution were
added to each well of a six-well polytetrafluoroethylene/poly-
L-lysine-coated slide (Tekdon, Inc.). The slides were dried for
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Table 1. 16S rRNA oligonucleotide probes used in the present study

Probe name Specificity Sequence (5' to 3) Reference
Chis150 Most of the bacteria in the Clostridium histolyticum group TTATGCGGTATTAATCTYCCTTT Franks et al.*?)
(Clostridium clusters | and 1)
Lab158 Lactobacillus—Enterococcus GGTATTAGCAYCTGTTTCCA Harmsen et al.*®)
Erec482 Most of the bacteria in the Clostridium coccoides— GCTTCTTAGTCARGTACCG Franks et al.*?
Eubacterium rectale group (Clostridium clusters XIVa and XIVb)
Prop853 Clostridium cluster IX ATTGCGTTAACT CCGGC Walker et al.*¥
Fpra655 Faecalibacterium prausnitzii and relatives CGC CTA CCT CTG CAC TAC Hold et al.“®
Rbro730 Clostridium sporosphaeroides, Ruminococcus bromii TAAAGCCCAGYAGGCCGC Harmsen et al.“®
and Clostridium leptum
Rfla729 Ruminococcus albus and Ruminococcus flavefaciens AAAGCCCAGTAAGCCGCC Harmsen et al.“®
Bac303 Most of the members of the Bacteroidaceae and CCAATGTGGGGGACCTT Manz et al.*”
Prevotellaceae families and some of the members of
the Porphyromonadaceae family
Bif164 Bifidobacterium spp. CATCCGGCATTACCACCC Langendiik et al.“*®)
At0291 Atopobium cluster GGTCGGTCTCTCAACCC Harmsen et al.®

15 min in a drying chamber (46°C). They were then dehydrated,
using an alcohol series (50, 80 and 96 % (v/v) ethanol) for 3 min
in each solution. The slides were again placed in the drying
chamber for 2min to evaporate excess ethanol before adding
a hybridisation mixture. This mixture (50 ul), consisting of
Sl of probe and 45 pl of hybridisation buffer, was added to
each well and left to hybridise for 4h in a microarray hybridis-
ation incubator (Grant-Boekel). After hybridisation, the slides
were washed with 50ml of washing buffer for 15min. They
were then dipped in cold water for a few seconds and dried
with compressed air. Then, 5 pl of polyvinyl alcohol mounting
medium with 1,4-diazabicyclo(2.2.2)octane were added into
each well and a cover slip was placed on each slide (20 mm,
thickness no. 1; VWR). The slides were examined under an
epifluorescence microscope (Eclipse 400; Nikon) using the
Fluor X 100 lens. For each well, fifteen random different fields
of view were enumerated.

Organic acid analysis

Organic acid analysis was carried out using an ion-exclusion
HPLC system (LaChrom Merck Hitachi) equipped with a pump
(L-7100), a refractive index detector (L-7490) and an autosampler
(L-7200). Data were collected using Jones Chromatography
Limited for Windows 2.0 software. The column used was an ion-
exclusion Rezex ROA-Organic Acid H" (8%), 300 X 7-80 mm
(Phenomenex). Guard columns used were SecurityGuard™
Carbo-H' 4 X 3-0mm cartridges (Phenomenex). The eluent
used was 0-0025 mm-H,SO4 in HPLC-grade water.

Samples (1ml collected at each fermentation time point
(1 mD were centrifuged at 13000 g for 10 min. The supernatants
were filtered through a 0-22 pm filter unit (Millipore) and 20 .l
were injected into the HPLC system, operating at a flow rate of
0-5ml/min with a heated column at 84-2°C. The sample run
time was 35 min. Sample quantification was carried out using
calibration curves of external standard for lactate, formate,
acetate, propionate, isobutyrate, butyrate, isovalerate and
valerate at concentrations of 12-5, 25, 50, 75 and 100 mm. An
internal standard of 20 mm-2-ethylbutyric acid was included
in the samples and external standards.

Determination of gas production rate

Sterile glass Balch tubes (18 X 150 mm; Bellco) containing
13:5ml of pre-reduced basal medium were kept overnight in
an anaerobic cabinet. Substrates (1/100, w/v) were added to
the fermentation tubes just before the addition of the faecal
slurry (1/10, v/v). The tubes were then sealed with a gas-
impermeable butyl rubber septum (Bellco) and an Al crimp
(Sigma Aldrich). The tubes were incubated at 37°C with
constant agitation.

The head space pressure (pounds per square inch) generated
by faecal bacteria gas production from each substrate was
measured every 3h up to 360h of fermentation by inserting
a sterile needle (23G X 17) attached to a transducer (Gems
Sensors) into the butyl rubber septum of each tube. After
each measurement, the tubes were allowed to equilibrate
with the atmosphere. The gas production experiments were
performed in four replicates for each substrate. Quantification
of gas volume (ml) was carried out using calibration curves
of air pressure (pounds per square inch) by injecting known
volumes of air into the culture tubes (0-5—7 mbD.

Statistical analysis

Statistical analysis was performed using SPSS for Windows
(version 22.0; SPSS, Inc.). The repeated-measures ANOVA was
used to determine significant changes in the bacterial populations
and SCFA concentrations over time. The one-way ANOVA and
post hoc Tukey’s test were used to determine differences in the
rate of total gas production among the substrates fermented.
Differences were deemed significant when P<<0-05.

Results
Bacterial enumeration

The bacterial concentrations of the Firmicutes, Bacteroidetes
and Actinobacteria phyla during obese human faecal fermenta-
tions are given in Tables 2—4, respectively. The average total
cell concentrations are given in Table 5. The following signifi-
cant changes were observed: a decrease in Erec482 groups in
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Table 2. Average bacterial concentrationst (logqo cells/ml batch culture fluid) of the Firmicutes phylum at 0, 10, 24 and 36 h during pH-controlled batch culture fermentations using obese human
faecal microbiota inocula
(Mean values with their standard errors, n 4)
70kD- 70kD-
1kDa + 16 % 1kDa + 32% 6kDa + 33 % a+15% a+37%
1kDa a-1,2 a-1,2 6kDa a-1,2 70kDa a-1,2 a-1,2 Inulin
Probe name Time (h) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Chis150 0 7-98 0.07 7-98 0-07 7-98 0-07 7-98 0.07 7-98 0-07 7-98 0.07 7-98 0.07 7-98 0-07 7-98 0.07
10 7-94* 0.08 775 0-07 779 0-13 7-80 0.05 774 0-15 7-83 0-11 7-85 0-06 7-96 0-18 771 0-09
24 777 0-12 7-98* 0-10 7-78 0-10 7-74 0-04 7-71 0-07 7-63 0-12 7-62 0.07 7-88 0-16 7-62 0-11
36 7-58 0-04 7-66 0-06 7-68 0-06 7-57 0-08 7-56 0-05 7-53 0-12 7-52 0.07 7-46 0-11 7-52 0-23
Pt 0-432 0-585 0-095 0-233 0-257 0-575 0-120 0-396 0-478
Lab158 0 8-16 0-14 8-16 0-14 8-16 0-14 8:16 0-14 8-16 0-14 8-16 0-14 8-16 0-14 8-16 0-14 8-16 0-14
10 8-40 0-12 8-39 0-10 8-34* 0-07 8.22 0-08 8-25* 0-08 8-48 0-09 8-47* 0-09 8-39 0-11 8.76 0-17
24 8-49* 0-15 8-31* 0-05 8-33 0-09 8-33* 0.03 8-24 0-11 8-33 0-16 8-30" 0-11 8-42* 0-14 8.77* 0-18
36 8-38 0-09 8-33 0-10 7-98 0-21 8-19 0-06 8-42* 0-08 8-35 0-06 8-10 0-20 8-31* 0-12 8-54 0-23
Pt 0-679 0-797 0-617 0-699 0-295 0-209 0-394 0-460 0-098 b
Erec482 0 8-60 0-09 8-60 0-09 8.60 0-09 8-60 0-09 8-60 0-09 8-60 0-09 8-60 0-09 8-60 0-09 8-60 0-09 =
10 8.75 0-08 8-52 0-10 8-55 0-18 8.79* 0-09 8-59 0-08 8.73 0-13 8-55 0-14 8-49 0-09 8-84 0-20 &L
24 8-49 0.07 8-59 0-10 8-49 0-11 8.52 0-05 8-54 0-11 8-38 0-11 8-41 0-08 8-41 0-07 8.55 0-20 :o‘—
36 8-36 0-11 8-43 0-06 8.42 0-10 8-68 0-13 8-50 0-15 8-47 0.07 8:23 0-04 8-48 0-17 8-60 0-29 =3
Pt 0-086 0-442 0-365 0-314 0.977 0-191 0-410 0-030 0-880 Q
Prop853 0 8.28 0-14 8-28 0-14 8.28 0-14 8.28 0-14 8-28 0-14 8.28 0-14 8.28 0-14 8-28 0-14 8.28 0-14 Q
10 8.12 0-14 8-38 0-23 8-56 0-14 8-54 0-16 8-39 0-15 8-24 0-18 8:48 0-16 8-49 0-13 8-44 0-13 ’
24 8-10 0-17 8-11 0-25 8-51 0-15 8-21 0-17 8-34 0-18 8-15 0-22 8.08 0-21 8.37 0-22 8-26 0-19
36 7-93 0-20 7-95 0-22 8.22 0-19 8:20 0-28 8-02 0-15 8.04 0-25 8.05 0-29 8-41 0-25 8.04 0-29
Pt 0-194 0-555 0-215 0-090 0-006 0-067 0-604 0-001 0-486
Fpra655 0 8.57 0-05 8.57 0-05 8.57 0-05 8.57 0-05 8-57 0-05 8.57 0-05 8.57 0-05 8.57 0-05 8.57 0-05
10 8.22 0-04 8-28 0-14 8.22 0-18 8-41 0-10 8-36 0-12 8-39 0.07 8-33 0-11 8-19 0-13 8-33 0-15
24 7-84 0-06 8-10 0-11 8-10 0-19 8:12 0-16 8-09 0-13 8.05 0-10 7-92 0-11 7-89 0-09 8.05 0-18
36 7-82 0-08 7-79 0-09 7-95 0-11 7-84 0-17 7-93 0-16 7-89 0-03 7-79 0-06 7-92 0-06 772 0-02
Pt 0-154 0-156 0-366 0-391 0-009 0-029 0-099 0-158 0-030
Rbro730/Rfla729 0 8.67 0-27 8-67 0-27 8-67 0-27 8-67 0.27 8-67 0-27 8-67 0-27 8-67 0-27 8-67 0-27 8-67 0-27
10 8-26 0-17 8-30 0-28 8-19 0-27 8.27 0-23 8-28 0-21 8.08 0-17 8.26 0.23 8-42 0-29 8.26 0-20
24 7-86 0-14 7-92 0-21 8.25 0-27 8.22 0-29 8-14 0-20 7-92 0-20 7-93 0-21 8-40 0-20 8.32 0-24
36 7-99 0-13 8-01 0-25 8:13 0-29 8-21 0-32 8-01 0-28 7-92 0-17 8.07 0.22 7-91 0-19 8.21 0-20
Pt 0-207 0-570 0-491 0-604 0-152 0-006 0-063 0-056 0-498

1kDa: dextran 1kDa; 1kDa+ 16 % «-1,2: dextran 1kDa with 16 % «-1,2 linkages; 1kDa + 32 % «-1,2: dextran 1kDa with 32 % «-1,2 linkages; 6 kDa: dextran 6 kDa; 6kDa + 33 % «-1,2: dextran 6 kDa with 33 % «-1,2 linkages;
70kDa: dextran 70kDa; 70kDa + 15 % «-1,2: dextran 70 kDa with 15 % «-1,2 linkages; 70kDa + 37 % «-1,2: dextran 70 kDa with 37 % «-1,2 linkages.

*Mean value was significantly higher than the lean human faecal fermentation value (P<0-05)".

1 Starting concentrations of the test substrates were 1% of 50 ml batch culture fluid (w/v).

1 P value (from repeated-measures analysis at 0, 10, 24 and 36 h) for every substrate is given below the bacterial group enumerated.
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Table 3. Average bacterial concentrationst (logo cells/ml batch culture fluid) of the Bacteroidetes phylum at 0, 10, 24 and 36 h during pH-controlled batch culture fermentations using obese human
faecal microbiota inocula

(Mean values with their standard errors, n 4)

70kD- 70kD-
1kDa + 16 % 1kDa + 32% 6kDa + 33 % a+15% a+37%
1kDa a-1,2 a-1,2 6kDa a-1,2 70kDa a-1,2 a-1,2 Inulin

Probe name Time (h) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Bac303 0 861 0-16 8-61 0-16 861 0-16 8-61 0-16 861 0-16 861 0-16 8-61 0-16 861 0-16 861 0-16
10 9-31 0-06 9-29 0-11 943 0-12 9-43 0-12 8-87 0-15 9-40 0-14 9-31 0-10 9-21 0-13 917 0-18
24 9:15 0-06 9-40 0-16 9-31 0-08 911t 0-20 9:-31 0-16 9-14 0-08 9-25 0-10 9-35 0-11 905 013
36 8.78 0-25 8-95 0-16 8.97 0-30 8-43 0-21 912 0-12 8-65 0-27 8-69 0-06 9-20 0-18 8.72 0-15
P§ 0-041 0-534 0-427 0-034 0-661 0-061 0-028 0-176 0-775

1kDa: dextran 1kDa; 1kDa+ 16 % «-1,2: dextran 1kDa with 16 % «-1,2 linkages; 1kDa + 32 % «-1,2: dextran 1kDa with 32 % «-1,2 linkages; 6 kDa: dextran 6 kDa; 6 kDa + 33 % «-1,2: dextran 6 kDa with 33 % «-1,2 linkages;
70kDa: dextran 70kDa; 70kDa + 15 % «-1,2: dextran 70 kDa with 15 % «-1,2 linkages; 70kDa + 37 % «-1,2: dextran 70 kDa with 37 % «-1,2 linkages.

+Mean value was significantly lower than the lean human faecal fermentation value (P<0-05)".

} Starting concentrations of the test substrates were 1% of 50 ml batch culture fluid (w/v).

§ P value (from repeated-measures analysis at 0, 10, 24 and 36 h) for every substrate is given below the bacterial group enumerated.

Table 4. Average bacterial concentrations (logqo cells/ml batch culture fluid) of the Actinobacteria phylum at 0, 10, 24 and 36 h during pH-controlled batch culture fermentations using obese human
faecal microbiota inocula

(Mean values with their standard errors, n 4)

JuswogSeurWw Al}SQqO 10J SD!lOIqQJd St suenxXa(

70kD- 70kD-
1kDa + 16 % 1kDa + 32 % 6kDa + 33 % a+15% a+37%

1kDa o-1,2 a-1,2 6kDa o-1,2 70kDa o-1,2 a-1,2 Inulin
Probe name Time (h) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Bif164 0 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10 7-84 0-10
10 8:92 0-08 874 0-14 8.57 0-06 823 012 7-89 0-08 843 012 834 0-05 8:16 0-08 8.57 0-15
24 8-88 0-08 8-67 0-08 849 0-12 7-92 0-20 801 0-12 8-38 0-13 828 017 829 015 850 0-13
36 8-65t 017 8-521 0-08 868 0-12 808 0-21 8.07 0-19 8-40 0-11 8-41 0-18 8-08 0-12 8-29 0-12

P§ 0-132 0-170 0-124 0-559 0-395 0-100 0-068 0-422 0-395
Ato291 0 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14 7-95 0-14
10 8:16 0-15 8:10 0-16 8-29 0-08 825 0-22 812 0-14 8-31 0-06 826 013 8-31 0-15 860 0-18
24 7-95 0-09 816 0-10 8-09 0-16 813t 0-20 8-29 012 823 013 813 0-10 7-90 0-15 840 0-19
36 808 017 8-09 0-14 8:16 0-08 8-09 0-13 8-18 0-16 817 0-09 8-30 0-14 806 013 8-39 0-10

P§ 0-260 0-409 0-441 0-632 0-655 0-183 0-466 0-384 0-116

1kDa: dextran 1kDa; 1kDa+16 % «-1,2: dextran 1kDa with 16 % «-1,2 linkages; 1kDa + 32 % «-1,2: dextran 1kDa with 32 % «-1,2 linkages; 6 kDa: dextran 6kDa; 6kDa + 33 % «-1,2: dextran 6 kDa with 33 % «-1,2 linkages;
70kDa: dextran 70kDa; 70kDa + 15 % «-1,2: dextran 70 kDa with 15 % «-1,2 linkages; 70kDa + 37 % «-1,2: dextran 70 kDa with 37 % «-1,2 linkages.

tMean value was significantly lower than that of the lean human faecal fermentation value (P<0-05).

1 Starting concentrations of the test substrates were 1% of 50 ml batch culture fluid (w/v).

§ P value (from repeated-measures analysis at 0, 10, 24 and 36 h) for every substrate is given below the bacterial group enumerated.
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Table 5. Average total cell concentrationst (logqo cells/ml batch culture fluid) at 0, 10, 24 and 36 h during pH-controlled batch culture fermentations using obese human faecal microbiota inocula

(Mean values with their standard errors, n 4)

70kDa + 37 %

6kDa + 33 % 70kDa + 15%

1kDa + 32 %

1kDa + 16 %

a-1,2 70kDa o-1,2 a-1,2 Inulin

6kDa

1kDa

a-1,2

a-1,2

Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM

Time (h)

Stain

0-05
0-13
0-09

0-11

9.74*
9-86
9-87
9-85

0.-05
0-14
0-12
0-06

9.74*

0.05
0-08

0-

9-74*

0.-05
0-08
0.08

9.74*
9-88
9.87
9.77

0-05
0-09
0-11
0-12

9.74*
9-67
9.93
9.77

0-05
0-08

9-74*

0-05
0-05
0.07
0.07

9.74*
9.74
9-84

1004

0.05

9-74*
972
978

0-05
0-07
0-03
0-14

9.74*
9.78
9.75
9-80

0
10
24

DAPI

9.75*
981
9-87

9-88*
10-01

9-87*
977
977

0-05
0.05
0-08

10

0-10
0-07

9-75 0-06

0-06

9-96*

36

0-918

0-161

0-451

0-277

0-165

0-733

0-205

0-251

0-987

1kDa: dextran 1kDa; 1kDa+ 16 % «-1,2: dextran 1kDa with 16 % «-1,2 linkages; 1kDa + 32 % «-1,2: dextran 1kDa with 32% «-1,2 linkages; 6 kDa: dextran 6 kDa; 6 kDa + 33 % «-1,2: dextran 6 kDa with 33 % «-1,2 linkages;

70kDa: dextran 70kDa; 70kDa + 15 % «-1,2: dextran 70kDa with 15 % «-1,2 linkages; 70kDa + 37 % «-1,2: dextran 70 kDa with 37 % «-1,2 linkages; DAPI, 4',6-diamidino-2-phenylindole.

*Mean value was significantly higher than that of the lean human faecal fermentation value (P<0-05)".

1 Starting concentrations of the test substrates were 1% of 50 ml batch culture fluid (w/v).

1 P value (from repeated-measures analysis at 0, 10, 24 and 36 h) for every substrate is given below the bacterial group enumerated.

S. R. Sarbini et al.

response to the fermentation of the highly branched 70kDa
dextran; a decrease in Prop853 groups in response to that of
the highly branched 6 kDa dextran, but an increase in response
to that of the highly branched 70kDa dextran; a
significant decrease in Fpra655 groups in response to that of
the highly branched 6kDa dextran, linear 70kDa dextran and
inulin; a decrease in Rbro730/Rfla729 groups in response to
that of the linear 70kDa dextran; an increase in Bac303
groups in response to that of the linear 1kDa dextran and
highly branched 70kDa dextran, but a decrease in response
to that of the linear 6kDa dextran.

Organic acid analysis

Organic acid concentrations during obese human faecal
fermentations are summarised in Table 6. Total SCFA concen-
trations increased significantly during the fermentation of most
substrates tested. Acetate was the most prevalent SCFA pro-
duced during the fermentation of all substrates followed by
propionate and butyrate. The following significant changes
were observed: an increase in lactate concentrations in
response to the linear 1kDa dextran; an increase in acetate
concentrations in response to the highly branched 1kDa dex-
tran; an increase in propionate concentrations in response to
the linear 6kDa dextran and branched 70kDa dextran; an
increase in butyrate concentrations in response to the linear
70kDa dextran; an increase in the acetate:propionate ratio
in the medium and in response to the highly branched
1kDa dextran. A trend of higher acetate:propionate ratios
(P=0-068) was observed during the fermentation of the
unbranched 1kDa dextran than during that of the other
dextrans. A decrease in acetate:propionate ratios was also
observed with an increase in the degree of branching.

Gas production

Total gas production from each substrate incubated with
obese human faecal slurries (n 4) after 36h of non-pH-
controlled fermentations is shown in Fig. 1. The highest
amount of gas was produced during the fermentation of
inulin. Similar volumes of cumulative gases were produced
during the fermentation of all dextrans. In Fig. 1, the gas
production patterns for each substrate when incubated with
obese human faecal slurries are also shown. Gases were pro-
duced at a lower rate during the fermentation of all dextrans
than during that of inulin. Higher rates of gas production
and higher total gas production were observed during the
fermentation of inulin. A more gradual increase and a sub-
sequent decrease in gas production were observed during
the fermentation of dextrans. Higher rates of gas production
were observed during the fermentation of the unbranched
1kDa dextran, which ended earlier (approximately at 24 h),
than during the fermentation of the other dextrans. Peak gas
production rates were observed at 3h for all the dextrans
tested, except for the unbranched 6kDa and branched
70kDa dextran 15% o-1,2, for which peak gas production
rates were observed later at 9 h.
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Table 6. Mean lactic acid and SCFA concentrations} (mm) at 0, 10, 24 and 36 h in pH-controlled batch culture fermentations using obese human faecal microbiota inocula

(Mean values with their standard errors, n 4)

1kDa + 16 %

1kDa + 32%

6kDa + 33 %

70kDa + 15%

70kDa + 37 %

1kDa a-1,2 a-1,2 6kDa a-1,2 70kDa a-1,2 a-1,2 Inulin
Organic acid  Time (h) Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM Mean SEM
Lac 0 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
10 6-54 324 1-19 0-71 0-66 0-39 1.27 0-74 2.83 0-28 2.83t 0-51 1.-10 0-65 0.72 0-72 310 1.28
24 0-00 0-00 1.52 1.52 0-92 0-55 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
36 0-00 0-00 0-98 0-98 0-00 0-00 0-00 0-00 0-00 0-72 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
P§ 0-137 0-500 0-500 0-183 0-391 0-011 0-188 0-391 0-093
Ace 0 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
10 54.65 963 36-19 11.60 2883 13.23 3305 793 28.64 6-52 28-64 879 24.78 6:-51  16-60 626  28-31 4.82
24 47-96 7-01 3721 386 34.72 729 31.84 700 32-19 384 3219 556 34.54 4.64 1999 426  28-69 3.07
36 46-85 4.98 31.85 4.92 3545 3-89 38.31 267 38:17 811  38.17 387 3373 2:62 24.00 1.67 1969 5.42
P§ 0-152 0-069 0-051 0-109 0-362 0-203 0-126 0-116 0-195
Prop 0 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0.-00 0-00 0-00 0-00
10 16-61 542  20-30 711 17.25 794  19.57* 441 1595 412 1595 412  19.08 531 11.55 4.21  10-08 2.26
24 13-64 2.02 26-85 2.81 26-49 525 23.04 4.34 24.62% 5.59  24.62 559  31.91 4.55 19.75 548 11.70 1-41
36 13-39 1.67 23-09 345 2710 3:06 29.03 046 27.52 3.02 27.52 3:02 3163 288 26-32t 2:62 10-90 0-64
P§ 0-140 0-104 0-065 0-034 0-390 0-162 0-038 0-103 0-071
But 0 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0.-00 0-00 0.-00 0-00 0-00 0-00
10 6-52 1.57 4.57 1-50 4.48 230 6-33* 1.48 419 0-63 419 0-63 3.71 0-67 3-67* 1.04 13.77 6-59
24 6-31 0-72 5.22 0-61 5.21 1.64 877 2-36 5.37 0-81 5.37 0-81 716 2.00 4.41 071 11.90 4.35
36 673 1.12 5.06 0-85 5.82 1.54  13.50* 1.08 6-68 1-19 6-68 1.19 6-98 0-76 6-19 080 11.92 2.71
P§ 0-215 0-074 0-416 0-099 0-274 0-003 0-228 0-182 0-167
Total 0 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00 0-00
10 77-79 1645 61-06 1991 5055 23.33 58:95 13-02 30-24 11-49  48.78 1342 47.57 1222 3181 11-47  52.16  13-37
24 67-91 936  69-28 693 6642 13-88 6365 1347 36-24 740 62:18 11.92 7361 9-88 4415 1013 52.29 7-61
36 66-97 7-31  60-00 9-06 68-37 8-02 80-84 288 71-61 16-05 72-38 7-68 7234 5-41  56-51 3-83 42.5% 6-98
P§ 0-309 0-293 0-015 0-020 0-041 0-027 0-074 0-158 0-026
Ace/Prop 10 381t 0-64 1.99 0-26 1.67 012 1.72 0-20 1.62 0-15 1.75 0-15 1.35 0-10 1.45 0-07 3.01 0-49
24 3:56 0-23 1-39t 0-02 1.30 0-04 1.36 0-11 1-40 0-14 1.35 0-08 1.09 0-06 1.09 0-11 2.47 0-09
36 353 0-14 1.38 0-03 1.31 0-01 1.32 0-11 114 0-14 1-39 0-05 1.07 0-05 0-92 0-04 1-90 0-55
P§ 0-068 0-007 0-001 0-178 0-185 0-049 0-066 0-015 0-010

1kDa: dextran 1kDa; 1kDa+ 16 % «-1,2: dextran 1kDa with 16 % «-1,2 linkages; 1kDa + 32 % «-1,2: dextran 1kDa with 32 % «-1,2 linkages; 6 kDa: dextran 6 kDa; 6kDa + 33 % «-1,2: dextran 6 kDa with 33 % «-1,2 linkages;
70kDa: dextran 70kDa; 70kDa + 15% «-1,2: dextran 70kDa with 15% «-1,2 linkages; 70kDa + 37 % «-1,2: dextran 70kDa with 37 % «-1,2 linkages; Lac: lactate; Ace: acetate; Prop: propionate; But: butyrate; Total: total
SCFA; Ace/Prop: acetate:propionate ratio.

*Mean value was significantly higher than the lean human faecal fermentation value (P<0-05)".
+Mean value was significantly lower than the lean human faecal fermentation value (P<0-05)".

} Starting concentrations of the test substrates were 1% of 50 ml batch culture fluid (w/v).
§ P value (from repeated-measures analysis at 0, 10, 24 and 36 h) for every substrate is given below the organic acid quantified.
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Fig. 1. Rate of gas production (ml/h) and total volume of gas produced in 36 h (ml). Gas production in the non-pH-controlled batch culture fermentations of obese
human faecal microbiota with dextran 1kDa (A), dextran 1kDa with 16 % «-1,2 linkages (B), dextran 1kDa with 32 % «-1,2 linkages (C), dextran 6 kDa (D), dex-
tran 6kDa with 33 % «-1,2 linkages (E), dextran 70kDa (F), dextran 70kDa with 15% «-1,2 linkages (G), dextran 70kDa with 37 % «-1,2 linkages (H), inulin (1)
and no substrate (J). 229 Values with unlike letters were significantly different among the fermentations (P<0.-05; (a) lowest gas production rate/lowest total
volume of gas produced to (e) highest gas production rate/highest total volume of gas produced) (n 4).
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Discussion

Numerous studies have reported a possible link between
human gut microbiota and obesity. Some of these studies
have only investigated changes at the phylum level, e.g.
Firmicutes and Bacteroidetes'”'®. However, phylum-level
investigations may mask changes in the constituent groups as
specific genera within a phylum may have diverse metabolic
capabilities. Therefore, in the present study, a panel of
probes was selected to account for the majority of bacteria in
the Firmicutes (Chis150, Lab158, Erec482, Prop853, Fpra655,
Rbro730 and Rfla729), Bacteroidetes (Bac303) and Actino-
bacteria (Bif164 and Ato291) phyla.

In general, the present findings were similar to observations
made in previous experiments carried out using lean human
faecal microbiota under the same experimental conditions”.
There was no difference in the enumerated bacterial
populations in obese and lean human faecal fermentations
during the baseline (0h). However, the total bacterial count
(4 6-diamidino-2-phenylindole; DAPID) was significantly higher
in obese human faecal fermentations than in lean human faecal
fermentations. These were probably due to other uncounted bac-
terial groups. Another similarity was the significant increase in
Bac303 groups in response to the fermentation of 1 kDa dextrans
as in the lean human faecal fermentation experiments. In
addition, an increase in Bif164 groups (P=0-124) in response to
the fermentation of the highly branched 1kDa dextran was also
observed, which was similar to that observed in the lean human
faecal fermentation experiments. However, significantly lower
counts of bifidobacteria were recorded during the obese human
faecal fermentation of 1kDa dextrans than during the lean
human faecal fermentation at 36h. Bifidobacteria selectivity
was found to be more pronounced and maintained for longer
periods during lean human faecal fermentations than during
obese human faecal fermentations. Furthermore, a study has
reported the presence of lower proportions of Bifidobacterium
and higher proportions of Clostridium bistolyticum in obese
and overweight women than in lean women ™. Nevertheless,
bifidobacteria have been known to normalise inflammatory
status, which could reduce excessive hepatic and adipose tissue
lipid storage, thus prevent weight gain'® .

In the present study, bifidobacteria were found to show a
preference for the low-molecular-weight (1kDa) dextrans
during obese human faecal fermentations. Our current
understanding of prebiotic carbohydrates is that the lower-
molecular-weight oligosaccharides are more rapidly fermented
than the higher-molecular-weight oligosaccharides. This may
be because the low molecular mass leads to more non-reducing
ends per unit mass, which favours attack by enzymes produced
by Bifidobacterium spp.”'**”. Bifidobacteria possess various
genes involved in carbohydrate catabolism that enable them
to grow on several short-chain oligosaccharides. They have
also been shown to be more efficient at metabolising gluco-
oligosaccharides than other genera such as Lactobacillus,
Lactococcus, Pediococcus and Slreptococcus(zn.

Some bacterial groups reacted differently in obese human
faecal environments compared with lean human faecal
environments. A significant decrease in Rbro730/Rfla729

groups was observed during the obese human faecal fermen-
tation of the linear 1kDa dextran, which was not the case
during the lean human faecal fermentation. This indicates
that the effect of some dextrans on Rbro730/Rfla729 groups
may be more evident in fermentations using obese human
faecal inocula than in those using lean human faecal inocula.
Ruminococcus sp. is known to be able to ferment complex
carbohydrates such as cellulose, pectin and starch.

A significant decrease in Fpra655 groups was observed in
response to the fermentation of the substrates tested. A study
has shown that a reduction in Faecalibacterium prausnitzii
counts is associated with a higher risk of ileal Crohn’s disease
and that it has anti-inflammatory effects®®
contradicting study has demonstrated that a significant

decrease in F. prausnitzii counts is correlated with clinical
23)

. However, one

improvement of Crohn’s disease“”. Therefore, this remains
speculative.

A significant increase in total SCFA concentrations was
observed during the fermentation of all substrates, with
acetate being the predominant SCFA produced followed by
propionate and butyrate, similar to what happens in wvivo
during the degradation of carbohydrates®”. A recent study
has proposed that the acetate produced improves intestinal
defence mediated by epithelial cells, protecting the host
against enteropathogenic infection®. Higher concentrations
of acetate were observed during the fermentation of the
1kDa dextran. Highest
propionate were observed during the fermentation of the
70kDa dextran with 15% «-1,2 branching. It is postulated
that propionate may have anti-obesity properties through the
reduction of fatty acid concentrations in the plasma(%). High
concentrations of plasma fatty acids are known to cause inflam-
mation, leading to insulin resistance’®”. The reduction of fatty

acid concentrations by propionate has been linked to the
28)
t

unbranched concentrations  of

reduction of body weigh and has been demonstrated to
increase satiety(29) .

A significant increase in butyrate concentrations was
observed during the fermentation of the linear 70 kDa dextran
in the present study. Butyrate has been shown to be involved
in the prevention and treatment of diet-induced obesity in
a mouse model. After 5 weeks of butyrate administration
(by supplementing the diet with sodium butyrate), obese
mice were found to lose 10% of their body weight and fat
content®. Butyrate is thought to act by increasing energy
expenditure and by inducing mitochondrial function, which
improve insulin sensitivity and reduce adiposity®".

An in vivo human study has reported faecal acetate
concentrations  to butyrate concentrations to
decrease and propionate concentrations to remain unaffected
when carbohydrate intake is low. It has also been reported

that leaner individuals have a higher ratio of acetate:butyrate
(32)

increase,

and/or propionate compared with obese individuals
However, this finding remains speculative, as this depends
only on SCFA concentrations in faeces after most of the
SCFA has been absorbed in the colonic epithelium™®. Never-
theless, through our in vitro study, we also found that the
acetate:propionate ratio is generally lower during obese
human faecal fermentations than during lean human faecal
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fermentations'”

synthesis, while propionate might inhibit this process. There-

. Acetate may act as a precursor for cholesterol

fore, a low acetate:propionate ratio may be of interest for reg-
ulating serum cholesterol concentrations®*#>. In the present
study, the lowest acetate:propionate ratio was observed
during the fermentation of the complex 70 kDa dextran with
37 % a-1,2 linkages.

Lactate was detected in the early fermentation stage, but
its concentrations diminished later. This correlates with the
increase in Bifidobacterium populations. It is known that
Bifidobacterium spp. and lactic acid bacteria such as
Lactobacillus and Enterococcus spp. produce lactate as a
major product®®. Accumulation of lactate occurs when it is
not converted at the same rate as its production during
faster fermentations®®. Previous studies have suggested that
carbohydrates that are rapidly fermented produce higher
amounts of lactate compared with slowly fermented ingredi-
ents®®. This was in accordance with what we had observed
in the gas production experiments where the unbranched
dextran was more rapidly fermented than the other dextrans.

Gas production in the large intestine is part of a normal diges-
tive process caused by the fermentation of carbohydrates by the
gut microbiota. These gases include H,, CO,, CH4 and H,S®7.
Some of the gas compounds such as NHj and substances such
as indole and skatole are toxic to the gastrointestinal environ-
ment. However, the colonic H, produced by organic acid
fermentation may have beneficial effects by suppressing the
metabolic syndrome via its antioxidant properties™®. Never-
theless, gas produced can be a clinical disincentive of prebiotic
consumption due to unwanted symptoms such as bloating and
discomfort®4”_ Gas production is probably influenced by the
chemical structure of carbohydrates, such as differing chain
length and monosaccharide composition, as well as the compo-
sition of the colonic microbiota. Unlike fructo-oligosaccharides
and galacto-oligosaccharides, a-gluco-oligosaccharides gener-
ated less gas, as has been observed in an in vitro fermentation
experiment with swine faecal microbiota’. In the present
study, all substrates produced some gas after 3 h of fermentation.
The lower-molecular-weight dextrans, particularly the linear
1kDa dextran, were rapidly fermented with shorter time to
attain maximal rate of gas production (3—6h). This may be due
to the simpler structure of the linear 1kDa dextran rendering it
more accessible to enzymes compared with higher-molecular-
weight and branched carbohydrates.

In conclusion, the novel dextran gluco-oligosaccharides
demonstrated prebiotic potential, i.e. increasing Bifidobacter-
ium spp. and SCFA concentrations, even in obese subjects.
Interestingly, many recent studies have reported that an
increase in the counts of bifidobacteria may reduce the
chance of developing obesity™*'®. No differences in the
selected bacterial populations, organic acid concentrations
and gas production rates were observed between the obese
and lean human faecal fermentations of dextrans. Therefore,
we suggest that the substrate type (molecular weight and/or
structure), probably not the obese state per se, modulates the
composition of the microbiota.
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