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INTRODUCTION

Human gastrointestinal (GI) bacteria, which provide
extensive benefits for their host, largely rely on plant
polysaccharides (PS)—indigestible by human enzymes—
as their energy source. Because certain PS function as
biological response modifiers, supporting host immune
function, there is intense interest in better understanding
their disposition in the GI tract. We reported that
human fecal bacteria can partially hydrolyze a mixed
polysaccharide dietary supplement (MSS) and two of
its constituents, aloe vera gel powder (AVP) and larch
arabinogalactan (LAG) in vitro; Enterococcus faecium
best competed for these substrates.1 Using a model that
simulates the human GI tract (SHIME), we recently found
that the MSS and a similar MSS containing an aloe vera
gel extract (AVE) exerted prebiotic effects, supporting the
growth of Lactobacillus and Bifidobacteria species.2 To
better understand the breakdown of PS in the gut, this in
vitro study examined the digestion of both MSS product
constituents [LAG, AVP, AVE, gum ghatti (GGH), gum
tragacanth (GTR), fucoidans (FCS)] by GI tract bacterial
glycosylhydrolases3 [α-1,6-mannosidase (α-1,6-M),
α-1,2,3-mannosidase (α-1,2,3-M), α-1,2-fucosidase

(α-1,2-F), β-1,3-galactosidase (β-1,3-G), β-glucosidase and
β-mannosidase].

METHODS

α -1,6-M, α-1,2,3-M, α-1,2-F and β-1,3-G were purchased
from New England BioLabs, Inc. β-glucosidase and
β-mannosidase were cloned by our research team. 50mM
citrate buffer plus 0.01% Tween20 (pH adjusted according
to enzyme used) was used to dilute each enzyme to achieve
an activity of 4 units; preparation is summarized in Table
I. Duplicate samples of weighed PS were suspended in
buffer (LAG, AVP, and FCS ~ 10 mg/ml; AVE, GGH and
GTR ~ 2 mg/ml), shaken vigorously and placed in a 37°C
water bath for 1h. Enzyme solutions were then added to
each PS solution and mixed with a pipette. For controls, an
equivalent amount of deionized water replaced the enzyme
solution for each PS. Experimental and control mixtures
were placed into the 37°C water bath for 2h. Five mL
aliquots were removed from each mixture, transferred to
test tubes, heated at 100°C for 15 min and centrifuged for
15 min at 4,000 rpm. Supernatants were filtered through
0.2 μm nylon syringe filters and MW distributions were
assessed using high pressure liquid chromatography.

Table I Enzyme preparation
Enzyme

Enzyme: cloned from;
expressed by

Amount of
stock used for
dilution (μL)

Amount of buffer
(μL)

Buffer pH

Amount of enzyme
added to PS (μL)

α-1,6-mannosidase
(α-1,6-M)

Xanthomonas manihotics;
E.coli

20

980

4.58

100

α–1,2,3-mannosidase
(α-1,2,3-M)

X. manihotics; E.coli

10

150

5.54

4

α-1,2-fucosidase (α-1,2-F)

X. manihotics; not provided
by manufacturer

2

38

5.56

4

β-1,3-galactosidase
(β-1,3-G)

X. manihotics; E.coli

5

45

4.55

4

β–glucosidase

Bacteroides fragilis

No dilution of
enzyme

No dilution of
enzyme

6.53

32

β–mannosidase

B. fragilis

No dilution of
enzyme

No dilution of
enzyme

5.54

53.3
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RESULTS

The results are provided in Table II. A representative
sample of chromatograms is provided in Figures 1-18.
Table II Digestion of PS
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Figures 1-18

Figure 1

LAG
α-1,2-F digestion

Figure 2

Figure 4

LAG
β-1,3-G digestion

Figure 5
LAG
β-glucosidase digestion

Figure 6
LAG
β-mannosidase digestion

Figure 8

Figure 9
GGH
β-glucosidase digestion

Figure 7
AVP
β-mannosidase digestion

= control

= experimental

= digestion

LAG
α-1,6-M digestion

GGH
α-1,6-M digestion

Figure 3

LAG
α-1,2,3-M digestion

= generation of lower MW PS
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Figure 10
GGH
β-mannosidase digestion

Figure 11

Figure 13
GTR
β-glucosidase digestion

Figure 14
GTR
β-mannosidase digestion

Figure 15
FCS
β-glucosidase digestion

Figure 16
FCS
β-mannosidase digestion

Figure 17
AVE
β-glucosidase digestion

Figure 18
AVE
β-mannosidase digestion

= control

= experimental

= digestion

GTR
α-1,2-F digestion

Figure 12

GTR
α-1,6-M digestion

= generation of lower MW PS

DISCUSSION

Previous studies indicate that dietary supplements
composed of the PS investigated in this study are utilized
by human colonic bacteria.1,2 This is the first study to
investigate the digestion of these PS individually by
enzymes secreted by human GI bacteria.
LAG is reported to be composed of a β-D-(1,3)-galactan
backbone with galactose and arabinose side chains.4 LAG
was partially digested by all six enzymes (Figures 1-6).
Digestion by β-1,3-G was expected; digestion by the
remaining five enzymes suggests the presence of additional
monosaccharides.
Previous authors have reported that aloe vera gel is rich in
mannose, but also contains significant amounts of glucose

and small amounts of galactose, xylose, arabinose (or
fucose) and rhamnose. β -linked mannan polysaccharides
predominate.5,6,7 We recently reported that glucuronic and
galacturonic acids are also present in fresh freeze-dried
gel;8 and we reported that the sugar composition and MW
of aloe vera gel products are significantly affected by
processing methods.8
Production of AVP powder retains all aloe
monosaccharides, with the exception of glucuronic
acid and galactose.8 Predominant digestion of AVP by
β-mannosidase was expected for a product expected to be
rich in β-linked mannans (Figure 7).
GGH is composed primarily of arabinose, galactose,
mannose, xylose and glucuronic acid, with mainly
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α-D-mannopyranose and 1,6-linked β-D-galactopyranose
units.9 α-1,6-M, β-glucosidase and β-mannosidase digested
GGH (Figures 8-10); minimal digestion was apparent
for the remaining three enzymes. Digestion by α-1,2-F
(not represented) and β-glucosidase (Figure 9) was not
expected, since glucose and fucose have not been reported
in this gum.
GTR, composed of galactose, galacturonic acid, arabinose,
xylose and fucose10,11 was partially digested by all enzymes.
α-1,2-F (Figure 11) and β -1,3-G (not represented) digestion
was expected because GTR contains fucose, galactose
and galacturonic acid (oxidized form of D-galactose).
Digestion with mannosidases and glucosidase (Figures
12-14) are surprising, but possibly explained by the LAG
+ galactose backbone that makes up tragacanthin in GTR.
The same enzymes which utilized LAG above should
utilize the LAG in tragacanth.
FCS is 55% carbohydrate (fucose, xylose, galactose,
glucose, mannose and uronic acids) and 41.5%
sulphate,11,12,13 with an α-linked skeleton.14 We found
digestion by all enzymes, which agrees with the reported
monosaccharide composition of FCS. Indication of
β-linkages are also present (Figures 15-16).
AVE, predominantly mannose (β-linked mannans) with
small amounts of glucuronic acid, xylose, galacturonic
acid, galactose, glucose, glucosamine, fucose, rhamnose
and arabinose8 was partially digested by all enzymes, which
was expected (Figures 17-18).
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