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Abstract

In higher plants, mannans are found as dominant reserve material in the endosperm of Arecaceae seeds and also in some species from
Apiaceae, Rubiaceae and Asteraceae. A linear f(1 — 4)-pD-mannan was now isolated from the endosperm of Schizolobium parahybae,
family Caesalpiniaceae, a native of Southern Brazil. Its seeds were germinated and the consumption of polysaccharides from the endo-
sperm, namely galactomannans and B(1 — 4)-pD-mannan, was analysed at differents stages of germination. At the 6th day after germina-
tion no residual 3:1 Man:Gal galactomannan was found, indicating that complete degradation of galactomannan had been reached.
However, after 12 days of germination, the mannan was recovered from the remaining endosperm. Its presence in the endosperm after
germination demonstrated that it is not a reserve material as described for seeds of other species.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In plants, pure mannans are defined as essentially linear
B(1 — 4)-p-mannopyranosyl chains containing less than 5%
of galactose. Mannans are the main reserve material in the
seed endosperm of the monocotyledonous Arecaceae fam-
ily (Avigad & Dey, 1997). They have been characterized in
Phytelephas macrocarpa (ivory nut), Phoenix dactylifera
(date), Phoenix canariensis, Iriartea ventricosa and Cocos
nucifera (Meier, 1958; Percival, 1966; Timell, 1957).

Two mannans, A and B, having different molecular
weight have been isolated from ivory nuts. Mannan A is
extractable with alkali and mannan B cannot be extracted
directly. Mannan B is separated from cellulose by precipita-
tion from cuprammonium solution (Meier, 1958; Timell,
1957).

Seeds from Carum carvi, Apiaceae, also store mannan in
the endosperm (Hopf & Kandler, 1977). However, the man-
nan of C. carvi differs from those of Arecaceae in its low
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content of the alkali-soluble mannan A, which is dominant
in Arecaceae (45% of the endosperm of ivory nut seeds).

Several studies have been performed on ultrastructural
aspects of mannans. These homopolysaccharides were ana-
lysed by electron microscopy, electron-diffraction (Chanzy,
Grosrenaud, Vuong, & Mackie, 1984; Chanzy, Dub¢, Mar-
chessault, & Revol, 1979), and X-ray diffraction (Nied-
uszynski & Marchessault, 1972; Yui, Miyawaki, Yada, &
Ogawa, 1997). Mannans exhibit polymorphism, whose
forms are named I and II. Mannan I corresponds to the
native state and mannan II to the alkali-treated form.
Chanzy et al. (1984) demonstrated that mannan A corre-
sponds to mannan I and mannan B to mannan II.

Investigations on conformational properties of mannan
chains and their oligosaccharides by molecular modelling
have also been performed due the interest in their basic
structure, which is widespread in thickening heteropolysac-
charides used for food and nonfood applications, such as
galactomannans and glucomannans (Mackie, Sheldrick,
Akrigg, & Perez, 1986; Petkowicz, Mazeau, & Reicher,
1998; Tvaroska, Perez, Noble, & Taravel, 1987; Yui et al.,
1997).
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Wolfrom, Laver, and Patin (1961) isolated a pure man-
nan from coffee beans. More recent studies have shown that
mannans are present in green and roasted coffee beans as
well as in hot water coffee extracts (Fischer, Reimann, Tro-
vato, & Redgwell, 2001; Oosterveld, Voragen, & Schols,
2003; Redgwell, Trovato, Curti, & Fischer, 2002). On roast-
ing, mannans undergo moderate degradation, increasing
their extractability from the bean (Redgwell et al., 2002). It
has been pointed out that mannans are responsible for the
high viscosity of coffee extracts, which could negatively
affect the technological processing of instant coffee (Sach-
slehner, Foidl, Foidl, Giibitz, & Haltrich, 2000). According
to Navarini et al. (1999), coffee extracts contain an arabino-
galactomannan instead of a simple linear mannan. The iso-
lation of an endo-f-mannanase from germinating coffee
(Coffea arabica) grains suggest that in seeds, the mannan is
also a reserve material (Marraccini et al., 2001).

The mannans are known as important biological
response modifiers, which can exhibit a remarkable range
of immunopharmacological and therapeutic activities. Aloe
species contain O-acetyl B(1 — 4)-pD-mannans, which have
been reported to show antiviral and antiproliferative prop-
erties in vivo (Krizkova et al., 2006). Sampedro et al. (2004)
showed by flow cytometry that the mannan from Aloe sap-
onaria inhibits the proliferative response in normal and
tumoral cells. Recently, Liu et al. (2006) observed that a
mannan from Aloe vera exhibits in vitro tumoricidal prop-
erties.

Schizolobium parahybae (guapuruvu) and Schizolobium
amazonicum (pinho cuiabano) are Caesalpiniaceae spp.
which grow in southern Brazil and the Amazon region,
respectively (Ernani, 1994). However, Rizzini (1986) has
considered the two species identical. Isolated endosperms
from both species yielded ~50% of galactomannan with
3.0:1 Man:Gal ratios, having the same galactose distribu-
tion along the main chain (Ganter, Heyraud, Petkowicz,
Rinaudo, & Reicher, 1995; Petkowicz, Sierakowski, Ganter,
& Reicher, 1998). Seed coats from both Schizolobium spp.
furnished a similar, unusual, neutral, linear (1 — 5) linked
o-L-arabinofuranan (Petkowicz et al., 1998; Zawadzki-Bag-
gio, Sierakowski, Corréa, & Reicher, 1992). In a previous
paper (Petkowicz, Reicher, Chanzy, Taravel, & Vuong,
2001), a pure mannan was obtained from the endosperm of
S. amazonicum. This mannan II, described for the first time
in Leguminosae spp., was characterized by chemical analy-
ses, *C NMR, X-ray and electron diffraction.

We now report the isolation of a pure mannan from the
seeds of S. parahybae, to investigate whether it plays some
nutritional role in the seeds, by following its consumption
after germination.

2. Materials and methods
2.1. Polysaccharide source

Seeds of S. parahybae were purchased from EMBRAPA
(Empresa Brasileira de Agropecuaria).

2.2. Polysaccharide isolation

Seeds of S. parahybae (200 g) were treated with boiling
water (500mL) for 30 min and then at 4°C until swelling
took place. The seed coats were then removed and each side
of the endosperm was separated from the embryo. Isolated
endosperms were kept in water at 4°C for 24 h. Each iso-
lated endosperm was shown to be constituted by three
different parts (interior section, exterior section and a muci-
laginous fraction).

The exterior section of the endosperm was isolated,
rinsed with water, and submitted to exhaustive hot aqueous
(65°C) extraction. The insoluble residues from aqueous
extractions were successively extracted twice with 2M
NaOH (100 °C) in the presence of NaBH,.

At each step of disencrustation, samples were collected,
thoroughly washed or dialyzed against distilled water until
neutrality, and the monosaccharide composition deter-
mined.

2.3. Monosaccharide composition

Samples were dissolved in 72% (w/w) aqueous H,SO,
(1h, 0-4°C). Water was then added to a final concentration
of 0.25M (5h, 100 °C) (Saeman, Moore, Mitchell, & Millet,
1954). The hydrolyzates were neutralized with BaCO; and
the insoluble material removed. The hydrolyzates were then
reduced with NaBH,, and the products acetylated with pyr-
idine-acetic anhydride (1:1 v/v, 16 h, 25°C). The resulting
alditol acetates were examined by gas—liquid chromatogra-
phy — mass spectrometry (GC-MS) using a Varian model
3300 gas chromatograph coupled to a Finnigan Ion-Trap,
model 810 R-12 mass spectrometer, using a DB-225 capil-
lary column (30m x 0.25mm i.d.), programmed from 50 to
220 °C at 40 °C/min, then hold. Helium was the carrier gas.

2.4. Nuclear magnetic resonance spectroscopy

13C NMR spectra were recorded at 50°C with a DRX-
500 Bruker Avance spectrometer, using 50% urea in D,O as
solvent. Chemical shifts are expressed as ¢ (ppm) relative to
the resonance of internal DSS (sodium 4,4-dimethyl-4-sil-
opentane-1-sulfonate).

2.5. High performance size exclusion chromatography of
galactomannans

The high performance size exclusion chromatography
(HPSEC) apparatus used was a Waters unit coupled to a
refractive index (RI) and a multi-angle laser light scatter-
ing Wyatt Technology Dawn-F MALLS. Four Waters
Ultrahydrogel columns (2000; 500; 250; 120) were con-
nected in series and coupled with the multi-detection
instrument. A solution of 0.1 M NaNO,, 0.02 % NaN;
was used as eluent at a flux of 0.6 mL/min. Samples of
galactomannan (1 mg/mL) were filtered through a
0.22 pm nitrocellulose membrane. HPSEC data were col-
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lected and analyzed by a Wyatt Technology ASTRA pro-
gram. All the analyses were carried out at 25°C. The
refractive index increment of the solvent—solute solution,
with respect to a change in solute concentration (dn/dc)
was determined using a Waters 2410 differential refrac-
tometer.

2.6. Seed germination

Seeds of S. parahybae were washed and sterilised by
immersing them for 20 min in aqueous sodium hypochlorite
(0.75 % active chlorine) and then washed exhaustively with
sterile distilled water. They were then placed to hot water,
which was kept at room temperature for 24h . They were
then placed in a layer of sterile vermiculite (7.3cm of
height) for germination at 23 °C with a photoperiod of 12 h.
The vermiculite was kept moist with sterile water addition
at intervals of 24 h.

2.7. Isolation of polysaccharides from germinated seeds

After radicle protrusion, seeds were harvested daily and
the remaining endosperm removed. The different parts
(interior section, exterior section and the mucilaginous frac-
tion) of each isolated endosperm were separated. These
components were submitted to enzymatic inactivation by
boiling in water for 2min. All materials were dried,
weighted and submitted to exhaustive hot aqueous (65 °C)
extraction. For the interior and exterior sections of the
endosperm, the insoluble residues from aqueous extractions
were successively extracted with aqueous alkali as already
described. At each step, samples were collected, thoroughly
washed and the monosaccharide composition analyzed.
Aqueous extracts from the mucilaginous fraction were
treated with ethanol (2v) and the precipitaded polysaccha-
rides analyzed.
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3. Results and discussion

Many storage polysaccharides of seeds such as mannans,
galactomannans, glucomannans, xyloglucan and galactans
are present in the endosperm or cotyledon for mobilization
after germination. Galactomannans are similar in structure
to the mannans, but the main chains are substituted at O-6
by single a-p-galactopyranosyl units. The Man:Gal ratios
are characteristic of each species and can vary from 1:1 to
4:1 (Avigad & Dey, 1997).

Seeds of S. parahybae were previously analyzed to deter-
mine the fine structure of the galactomannan (Ganter et al.,
1995; Ganter, Zawadzki-Baggio, Leitner, Sierakowski, &
Reicher, 1993; Petkowicz et al., 1998); the presence of an
unusual arabinan in the seed coats was also found
(Zawadzki-Baggio et al., 1992).

When isolated endosperms from the seeds of S. parahy-
bae were kept in water at 4 °C for 24 h they had three differ-
ent parts (interior section, exterior section and a
mucilaginous fraction) as previously described for S. ama-
zonicum (Petkowicz et al., 2001). The interior section was
originally in contact with the embryo and the exterior sec-
tion, which has a relative high mechanical resistance, corre-
sponding to the seed coat side. Between these two parts is
the mucilaginous fraction which contains a galactomannan
with a 3:1 Man:Gal ratio and is the main polysaccharide in
the seeds of S. parahybae. However, a less substituted galac-
tomannan was found in interior sections (3.9:1 Man:Gal
ratio). The exterior sections were submitted to aqueous
extraction (65°C) and then two alkali extractions (100 °C)
and the composition of the resulting residues determined. A
pure mannan (97% mannose) was obtained from the insol-
uble residue of exterior section from the endosperm of S.
parahybae. The '>*C NMR spectrum of the mannan (Fig. 1)
consisted of 6 signals, at § 101.8 (C-1), 78.1 (C-4), 76.5 (C-5),
73.0 (C-3), 71.6 (C-2) and 62.0 (C-6), identical to those of a

78.1
— 765
73.0
71.6
62.0

Fig. 1. 3C NMR spectrum of the p-p-mannan isolated from endosperm of Schizolobium parahybae; solvent 50% urea in D,0 at 50 °C (chemical shifts are

expressed in 6 ppm).
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linear (1 — 4)-linked B-p-mannan (Gorin, 1973; Jarvis,
1990; Petkowicz et al., 2001). Thus, both S. parahybae and
S. amazonicum (Petkowicz et al., 2001) seeds contain pure
mannans, which is unusual for seeds of Fabales. This find-
ing along with similarities already described, reinforce the
hypothesis that S. parahybae and S. amazonicum are the
same species.

The seeds of S. parahybae were germinated and the con-
sumption of polysaccharides from the three parts of the
endosperm, determined at differents stages of germination.
Samples were collected after germination over 12 days and
named T, (first day after germination), T, (second day after
germination), ..., T}, (12 days after germination). After 12
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days from germination the interior section was present with
the same Man:Gal ratio as determined for ungerminated
seeds (3.8:1) and no mucilaginous fraction was observed.
The breakdown of galactomannan was followed by
HPSEC of polysaccharides isolated from mucilaginous
fraction. Profiles from HPSEC analyses (Fig. 2) showed
that the mobilisation process started three days after germi-
nation. After T, and T,, the elution profile was the same as
that of T,, showing that no degradation of galactomannan
took place. After 3 days a slight change was observed,
which become more intense at T,. The T profile indicated
that the rate of degradation was greater. The cumulative
distribution of molar masses for each fraction can be
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Fig. 2. High performance size exclusion chromatography (HPSEC) of 3:1 Man:Gal galactomannan from mucilaginous fraction from the endosperm of
Schizolobium parahybae, with multi angle laser light scattering detection (MALLS; 90° is shown) and refractive index (R1I) detection. (a) Before germina-
tion (Ty); (b) One day after germination (T)); (c) Two days after germination (T,); (d) Three days after germination (T;); (e) Four days after germination

(T,); (f) Five days after germination (Ts).
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Fig. 3. Cumulative distribution of molar mass for 3:1 Man:Gal galacto-
mannan from mucilaginous fraction from the endosperm of Schizolobium
parahybae before germination and after one day (T,), three days (T;), four
days (T,) and five days (Ts) from germination.

compared in Fig. 3. A large displacement of molar mass
(M,,) range can be observed from T to Ts. The average M,
of the isolated galactomannans ranged from 1,057,000 g/
mol for T;-515,000 g/mol for T, (dn/dc of 0.127 and 0.169,
respectively). Reid (1971) has shown for Trigonella foenum-
graecum that in the earliest stages of germination the raffi-
nose family oligosaccharides are metabolised and there was
no change in the appearance, amount or composition of
galactomannans. For Sesbania marginata, the maximum
velocity of galactomannan degradation was reached
between the 3rd and 4th day of germination (Buckeridge &
Dietrich, 1996). At T, no residual galactomannan in the
mucilaginous fraction could be detected, indicating that
complete degradation of the 3:1 Man:Gal galactomannan
had been reached. The results are consistent with a rapid
and complete hydrolysis of main reserve polysaccharide, as
pointed out by McCleary and Matheson (1975) for different
legume seeds. The Man:Gal ratio of the galactomannan
present in the mucilaginous fraction remained constant
(3:1) until it was completely consumed. This result is in
agreement with those obtained for other Caesalpiniaceae
spp. indicating a concerted action of enzymes (McCleary &
Matheson, 1975; Reid, 1971). However, for Sesbania mar-
ginata, Medicago sativa and Cyamopsis tetragonolobus,
which belong to the Fabaceae family, an increase in
Man:Gal ratios was detected at the end of the degradation
process (Buckeridge & Dietrich, 1996; McCleary & Mathe-
son, 1975). These data suggest that the mechanism of galac-
tomannan mobilization should be different among the three
taxonomic groups of Fabales.

The monosaccharide composition of polysaccharide
samples from the exterior section at differents stages of ger-
mination and before germination (T,) are shown in Table 1.
Mannose and galactose contents along the 12 days after
germination are typical of mannans. Glucose is only a
minor component suggesting the absence of cellulose in this
material; this is in agreement with the previous X-ray and

Table 1
Monosaccharide composition of exterior section of the endosperm of
Schizolobium parahybae at different stages of germination

Samples® Monosaccharide composition® (%)

Ara Xyl Man Gal Gle
T, 4.5 Tr 85.1 6.1 1.7
T, 7.7 Tr 83.7 8.5 Tr
T, 6.3 0.7 83.3 8.1 1.5
T, 8.5 1.7 80.7 7.2 1.9
T, 5.8 0.9 852 6.1 1.9
Ts 5.5 1.3 84.9 7.1 1.3
T 10.5 49 74.3 6.8 32
T, 6.8 3.7 84.3 32 20

4 By GC-MS of alditol acetate derivatives.
b Subscripts refer to days after germination.

Table 2

Comparison of the '*C chemical shifts (ppm) for mannans isolated before
and after germination of Schizolobium parahybae seeds (solvent 50% urea
in D,0 at 50 °C)

Mannan o (ppm)

C-1 C-2 C-3 C-4 C-5 C-6
Before germination 101.8 71.6 73.0 78.1 76.5 62.0
After germination 101.7 71.6 73.0 78.1 76.6 62.1

electron diffraction studies (Petkowicz et al., 2001). The
mannan isolated at T,, was examined by '*C NMR spec-
troscopy. The '3C NMR data for the polysaccharide con-
firmed a linear mannan. The chemical shift assignments
(Table 2) are in close agreement with those reported for
ivory nut mannan (NaOD solution) and Phoenix dactylif-
era (solid state) and are in accord with those obtained for
ungerminated seeds. The presence of the mannan at T,
demonstrated that is not a reserve material, as described for
seeds of Arecaceae, coffee (Rubiaceae) and lettuce (Astera-
ceae) (Avigad & Dey, 1997; Halmer, 1989; Marraccini et al.,
2001). The lettuce endosperm contained 60% of a mannan,
which is completely mobilized in germinating seeds before
the depletion of the main embryonic reserves, lipid, and
protein (Halmer, 1989).

Mannose differs from glucose by the stereochemistry of
the OH-2 group and pure mannans resemble cellulose in
the conformation of its individual chains. The mannan
from S. parahybae seeds has probably a structural role by
replacing cellulose.

Acknowledgements

The authors thank the Brazilian agencies, CNPq and
Fundag¢ao Araucaria-PRONEX for financial assistance.

References

Avigad, G., & Dey, P. M. (1997). Carbohydrate metabolism: storage car-
bohydrates. In P. M. Dey & J. B. Harbourne (Eds.), Plant Biochemistry
(pp. 143-204). London: Academic Press.

Buckeridge, M. S., & Dietrich, S. M. C. (1996). Mobilisation of the raffi-
nose family oligosaccharides and galactomannan in germinating seeds



664 C.L.O. Petkowicz et al. | Carbohydrate Polymers 69 (2007) 659—664

of Sesbania marginata Benth. (Leguminosae-Faboideae). Plant Sci-
ence, 117,33-43.

Chanzy, H., Dubé, M., Marchessault, R. H., & Revol, J. F. (1979). Single
crystals and oriented crystallization of ivory nut mannan. Biopolymers,
18, 887-898.

Chanzy, H. D., Grosrenaud, A., Vuong, R., & Mackie, W. (1984). crystal-
line polymorphism of mannan in plant cell walls and after recrystalli-
sation. Planta, 161, 320-329.

Ernani, P. E. R. (1994). In Espécies Florestais Brasileiras (pp. 470-475).
Colombo: Embrapa-SPI.

Fischer, M., Reimann, S., Trovato, V., & Redgwell, R. J. (2001). Polysac-
charides of green Arabica and Robusta coffee beans. Carbohydrate
Research, 330,93-101.

Ganter, J. L. M. S., Heyraud, A., Petkowicz, C. L. O., Rinaudo, M., & Rei-
cher, F. (1995). Galactomannans from Brazilian seeds: characterization
of the oligosaccharides produced by mild acid hydrolysis. International
Journal of Biological Macromolecules, 17(1), 13-19.

Ganter, J. L. M. S., Zawadzki-Baggio, S. F., Leitner, S. C. S., Sierakowski,
M. R., & Reicher, F. (1993). Structural studies on galactomannans
from Brazilian seeds. Journal of Carbohydrate Chemistry, 12(6), 753~
767.

Gorin, P. A. J. (1973). Rationalization of carbon-13 magnetic resonance
spectra of yeast mannans and structurally related oligosaccharides.
Canadian Journal of Chemistry, 51,2375-2383.

Halmer, P. (1989). De novo synthesis of mannanase by the endosperm of
Lactuca sativa. Phytochemistry, 28(2), 371-378.

Hopf, H., & Kandler, O. (1977). Characterization of the ‘reserve cellulose’
of the endosperm of Carum carvi as a B(1 — 4)-mannan. Phytochemis-
try, 16,1715-1717.

Jarvis, M. C. (1990). The '3C-NMR spectrum of (1 — 4)-p-p-mannans in
intact endosperm tissue of the date (Phoenix dactylifera). Carbohydrate
Research, 197,276-280.

Krizkova, L., Zitnanova, 1., Mislovicova, D., Masarova, J., Sasinkova, V.,
Durackova, Z., et al. (2006). Antioxidant and antimutagenic activity of
mannan neoglycoconjugates: mannan-human serum albumine and
mannan-penicillin G acylase. Mutation Research, 606, 72-79.

Liu, C, Leung, M. Y. K., Koon, J. C. M., Zhu, L. F., Hui, Y. Z., Yu, B, et al.
(2006). Macrophage activation by polysaccharide biological response
modifier isolated from Aloe vera L. var. chinensis (Haw) Berg. Interna-
tional Immunopharmacology, 6(11), 1634-1641.

Mackie, W., Sheldrick, B., Akrigg, D., & Perez, S. (1986). Crystal and
molecular structure of mannotriose and its relationship to the confor-
mations and packing of mannan and glucomannan chains and manno-
biose. International Journal of Biological Macromolecules, 8, 43-51.

Marraccini, P., Rogers, W. J., Allard, C., André, M. L., Caillet, V., Lacoste,
N., et al. (2001). Molecular and biochemical characterization of endo-
beta-mannanases from germinating coffee (Coffea arabica) grains.
Planta, 213(2), 296-308.

McCleary, B. V., & Matheson, N. K. (1975). Galactomannan structure and
B-mannanase and B-mannosidase activity in germinating legume seeds.
Phytochemistry, 14, 1187-1194.

Meier, H. (1958). On the structure of cell walls and cell wall mannans
from ivory nuts and from dates. Biochimica and Biophysica Acta, 28,
229-240.

Navarini, L., Gilli, R., Gombac, V., Abatangelo, A., Bosco, M., & Toffanin,
R. (1999). Polysaccharides from hot water extracts of roasted Coffea
arabica beans: isolation and characterization. Carbohydrate Polymers,
40, 71-87.

Nieduszynski, 1., & Marchessault, R. H. (1972). The crystalline structure of
poly-B,D(1 — 4")mannose: mannan 1. Canadian Journal of Chemistry,
50,2130-2138.

Oosterveld, A., Voragen, A. G. J., & Schols, H. A. (2003). Effect of roasting
on the carbohydrate composition of Coffea arabica beans. Carbohy-
drate Polymers, 54, 183-192.

Percival, E. (1966). The natural distribution of plant polysaccharides. In T.
Swain (Ed.), Comparative Phytochemistry (pp. 139-155). London: Aca-
demic Press.

Petkowicz, C. L. O., Mazeau, K., & Reicher, F. (1998). Conformational
analysis of galactomannans: from oligomeric segments to polymeric
chains. Carbohydrate Polymers, 37, 25-39.

Petkowicz, C. L. O., Reicher, F., Chanzy, H., Taravel, F. R., & Vuong, R.
(2001). Linear mannan in the endosperm of Schizolobium amazoni-
cum. Carbohydrate Polymers, 44, 107-112.

Petkowicz, C. L. O., Sierakowski, M. R., Ganter, J. L. M. S., & Reicher, F.
(1998). Galactomannans and arabinans from seeds of Caesalpiniaceae.
Phytochemistry, 49(3), 737-743.

Redgwell, R. J., Trovato, V., Curti, D., & Fischer, M. (2002). Effect of
roasting on degradation and structural features of polysaccharides in
Arabica coffe beans. Carbohydrate Research, 337,421-431.

Reid, J. S. G. (1971). Reserve carbohydrate metabolism in germinating
seeds of Trigonella foenum-graecum L. (Leguminosae). Planta, 100,
131-142.

Rizzini, C. T. (1986). Arvores e Madeiras Uteis do Brasil. Sio Paulo: Edgar
Blicher pp.133-134.

Sachslehner, A., Foidl, G., Foidl, N., Giibitz, G., & Haltrich, D. (2000).
Hydrolysis of isolated coffee mannan and coffee extract by mannanases
of Sclerotium rolfsii. Journal of Biotechnology, 80, 127-134.

Saeman, J. F., Moore, W. E., Mitchell, R. L., & Millet, M. A. (1954). Tecch-
niques for the determination of pulp constituents by quantitative paper
chromatography. Tappi, 37, 336-343.

Sampedro, M. C., Artola, R. L., Murature, M., Murature, D., Ditamo, Y.,
Roth, G., et al. (2004). Mannan from Aloe saponaria inhibits tumoral
cell activation and proliferation. International Immmunopharmacology,
4,411-418.

Timell, T. E. (1957). Vegetable ivory as a source of a mannan polysaccha-
ride. Canadian Journal of Chemistry, 35, 333-338.

Tvaroska, 1., Perez, S., Noble, O., & Taravel, F. (1987). Solvent effect on the
stability of mannobiose conformers. Biopolymers, 26, 1499-1508.

Wolfrom, M. L., Laver, M. L., & Patin, D. L. (1961). Carbohydrates of the
coffee bean. II. Isolation and characterization of a mannan. Journal of
Organic Chemistry, 26, 4533-4535.

Yui, T., Miyawaki, K., Yada, M., & Ogawa, K. (1997). An evaluation of
crystal structure of mannan I by X-ray powder diffraction and molecu-
lar mechanics studies. International Journal of Biological Macromolole-
cules, 21, 243-250.

Zawadzki-Baggio, S. F., Sierakowski, M. R., Corréa, J. B. C,, & Reicher, F.
(1992). A linear (1 — 5)-linked a-L-arabinofuranan from seeds of guapur-
uvu (Schizolobium parahybum). Carbohydrate Research, 233,265-269.



	The mannan from Schizolobium parahybae endosperm is not a reserve polysaccharide
	Introduction
	Materials and methods
	Polysaccharide source
	Polysaccharide isolation
	Monosaccharide composition
	Nuclear magnetic resonance spectroscopy
	High performance size exclusion chromatography of galactomannans
	Seed germination
	Isolation of polysaccharides from germinated seeds

	Results and discussion
	Acknowledgements
	References


