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ABSTRACT: The knowledge of  polysaccharides
obtained from fruit seed and its chemical characteristics
are important to evaluate their final properties, as well
as their uses and benefits. Solid state nuclear magnetic
resonance (NMR) has been used to evaluate the behavior
of the samples, since NMR permits to evaluate both
chemical and dynamic molecular behavior of polysaccha-
rides, because they are amorphous and heterogeneous.
The NMR analyzes were carried out using high and low
field NMR techniques. The results obtained from high
field showed the main chemical constituents present in

the seeds and seed flour. Through low field NMR differ-
ent domains with their own molecular mobility and
interactions were observed; due to the measurements of
proton spin-lattice relaxation time (T;H). According to
the results obtained for Cumbaru seed, solid state NMR
showed to be a powerful source to characterize fruit
seed flour. © 2009 Wiley Periodicals, Inc. ] Appl Polym Sci
116: 50-54, 2010
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INTRODUCTION

Dipteryx alata Vogel belongs to Fabaceae family and
it is the scientific name of a fruit, whose trees is
found in Central Brazil, principally in Minas Gerais,
Goias, Distrito Federal, Mato Grosso, and Mato
Grosso do Sul. This species is known popularly for
baru in Minas Gerais; barujo, coconut-beans, and
cumbaru in Mato Grosso; cumarurana, emburena
brave, and cumaru wood in the other states. As far
as characteristic is concerned this fruit is described
to have a pulp-rich in proteins, and seeds—mainly
constituted by oil, starch, fiber, and protein. Cum-
baru seed is also eatable, nutritional and has medici-
nal properties." It is known that the applications,
properties and benefits of these seeds have relation-
ship with its composition and chemical characteris-
tics. That is the reason why it is important to have
as much as knowledge is possible of fruit seed.
Then, some techniques such as x-ray, electronic
scanning electron microscopy (SEM), thermal analy-
sis and nuclear magnetic resonance (NMR) have
been used to evaluate these types of materials. NMR
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can also give information on chemical and dynamic
molecular behavior.®”

The NMR spectroscopy in the solid state has
many techniques that are available to study chemical
characterization at the molecular level of materials.
3C cross polarization and magic angle spinning
(CPMAS) and 'H relaxation times have been very
much used to study food and systems like polysac-
charides, proteins, sugars and so on, because of their
relevance in studying bulk samples. The '*C CPMAS
NMR is helpful to understand structural differences
between samples that have similar nature. The pro-
ton spin-lattice relaxation time in the rotating frame
(T1,H), which can be determined by the resolved
carbon-13 decay, during the variable contact time
experiment (VCT), can inform on sample homogene-
ity, chemical components and chains interaction and
amorphous polymers. The 'H high resolution
("H HR-MAS) is a technique that allows us to obtain
"H-NMR spectra in the solid state, using magic
angle spinning with the same resolution as obtained
for liquids. The use of this technique permits better
hydrogen assignment and can be used as a part of a
methodology to better evaluate the carbohydrates
behavior.” '

The low field NMR is another technique that can
be wused together with the others techniques
mentioned to determine proton spin-lattice relaxa-
tion time (T;H) parameter, using the traditional
inversion-recovery pulse sequence. The values
of this parameter allow us to provide detailed



SOLID STATE AND PROTON RELAXATION NMR STUDY OF Dipteryx alata 51

information on mobility at the molecular level. The
wide use of NMR techniques comes from the time
scale and, of course, the responses that you
obtain.'”!®

According to this context, the aim of this work is
to obtain chemical structural and dynamical infor-
mation from cumbaru seed before and after oil
extraction to contribute to better understand its
behavior and consequently to improve their applica-
tions and benefits. To achieve this purpose, we have
used solid state NMR spectroscopy, through the
determination of proton spin-lattice relaxation time
in the rotating frame parameter, measured by the
resolved carbon-13 decay, during the VCT experi-
ment with increasing the contact time. And also by
measuring the values of proton spin-lattice relaxa-
tion time in the laboratory, applying the traditional
inversion-recovery pulse sequence (180° - t - 90°),
using low field NMR spectrometer. In the present
work these NMR techniques were chosen, because
they will provide chemical characterization of mate-
rials; the understanding of structural differences,
due to the domain formation, and also detailed
information on molecular mobility at the molecular
scale.

EXPERIMENTAL PROCEDURE
Sample preparation

The cumbaru seeds had been extracted from the pit
mechanically with an aid of lathe, and then they had
been peeled manually. After that procedure the
seeds were worn out in a mill of balls. In a second
step the oil seed was extracted using hexane in
soxhlet equipment, for 24 h. The last step was to
dehydrate, in which the seeds where heated at 70°C
for 48 h in an oven, to obtain the cumbaru seed
flour. To avoid water absorption after this procedure
the samples had been kept in a dissector.

Characterization by high field NMR
13C CPMAS analyzes

The powdered samples were analyzed in NMR spec-
trometer of 400 MHz (Varian — Unity Plus 400),
using the basic techniques: cross polarization and
magic angle spinning (CPMAS) beyond the variation
contact time experiment (VCT). They have been
placed in zirconium rotor and the '*C-NMR experi-
ments in the solid state were carried out according
the following conditions: frequency of '*C nucleus:
100.4 MHz; acquisition time: 0.02 s; spectral window:
100 kHz; 90° pulse width: 4.7 ps; recycle delay: 2 s;
range of contact time: 200-6000 pis; number of transi-
ents: 3200. The MAS technique was also carried out

using short recycle delay (0.3 s) to observe only the
mobile region, which in this case is the seed oil.

"H HR-MAS analyzes

The powdered samples had been placed in rotor of
zirconium and added some drops of D,O. The 'H
HR-MAS spectra were obtained on a BRUKER DRX
400 spectrometer operating at these conditions:
spectral width: 5668.9 Hz; acquisition time: 1.8 s;
pulse width: 45°; recycle delay: 1 s and number of
transients: 128. The type of processing was zero
filling and line broadening: 0.

Characterization by low field NMR

The powdered samples (4-6 g) had been placed in
appropriate pipe and the measurements were
carried out on a MARAN ultra 23 (Resonance,
Oxford-UK), operating at 23 MHz (for protons) and
equipped with an 18 mm variable temperature
probe. The proton spin-lattice relaxation (T;H)
values were determined directly by the traditional
inversion-recovery pulse sequence (180° - t - 90°) at
27°C, the instrument software calibrated the 90°
pulse of 7.5 ps automatically. The amplitude of the
FID was sampled for forty t data points, ranging
from 10 to 10e° ps, with 4 scans for each point and
5 s of recycle delay. The distributed exponential fit-
tings as a plot of relaxation amplitude versus relaxa-
tion time were performed by using the software
WINDXP®, which come with the equipment. The
relaxation values and relative intensities were
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Figure 1 'SC-NMR spectra obtained by CPMAS for:
(a) cumbaru powdered seed and (b) cumbaru seed flour.
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Figure 2 NMR >C CPMAS series of spectra for cumbaru
powdered seed.

obtained by fitting the exponential data with the aid
of the programs WINFIT®, which is a commercial
program and DPP® developed in our laboratory
(which is process of registration).

RESULTS AND DISCUSSION

Characterization by high field NMR
13C CPMAS analyzes

The *C MAS spectra, in special conditions, were
recorded and no signal refer to the oil was detected
after the oil extraction process being done in the
seed, showing that the procedure was efficient.

The '*C CPMAS NMR analysis is a technique that
observes all carbon-13 nuclei, in special the carbons
placed in the rigid domains. The spectra obtained
for the seeds and seed flour (Fig. 1) show broad sig-
nals, which indicate that the samples are amorphous
and/or have low crystallinity degree. In these spec-
tra a signal located at 173 ppm refers to carbonyl
group; the signals located at the range of 60-105
ppm refer to carbons linked to oxygen, as the
anomeric carbon and the region from 25 to 40 ppm
refer to CH;, CH,, and CH groups. These signals
presented similar chemical shift according to the
studies of other polysaccharides.'”*'

The VCT experiment (Figs. 2 and 3) allows us to
obtain a profile of spectra distribution with the
increase of contact timescontact time; optimum
contact time, first indication of heterogeneity and the
values of T;,H for each resolved carbon (Table I).
From Figures 2 and 3 the major intensity signals are
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Figure 3 NMR "C CPMAS series of spectra for cumbaru
seed flour.
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TABLE I
T;1,H Values Obtained From High Field NMR for
Cumbaru Worn Out Seeds and Cumbaru Seed Flour
in its Respective Chemical Shifts

8 (ppm)
Sample 173 104 92 72 62 40 29 25
T, ,H
(x10° ps)
Worn 5 4 2 4 4 4 5 4
out seeds
Seed flour 11 5 2 3 3 5 4 4

concentrated between 800 and 2000 ps. Thus, the
optimum contact time was the 800 ps, for both
seeds. From the analyzes of °C nucleus in the VCT
experiment, the region with low molecular mobility
presents signals with more intensity in short contact
times, which is an indication that the samples pres-
ent molecular rigidity.

From Table I it was observed a significant differ-
ence on the T;,H values for the carbonyl region,
comparing cumbaru seed and seed flour. It occurs
because of the oil present in a major quantity in the
seed before the extraction, promoting multiple inter-
actions. For the seed flour, had to the low quantity
of oil, constituents’ interactions diminished and new
interactions among the chains are created, which
implies modifications in the molecular mobility. The
Ti,H values obtained for the others chemical shifts
do not present significant differences, since then,
intermediate T;,H is what predominates, because of
the materials heterogeneity and rigidity.

"H HR-MAS analysis

The spectra obtained by seeds and seed flour
(Figs. 4 and 5) show signals in the region from 5.0 to
5.5 ppm, which refer to hydrogen linked to anomeric
carbon; from 4.0 to 4.5 ppm referring to hydrogen
present in CH—OH groups; and from 3.0 to
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Figure 4 'H-NMR spectrum of cumbaru powdered seed
obtained by HR-MAS.
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Figure 5 'H-NMR spectrum of cumbaru seed flour
obtained by HR-MAS.

40 ppm, which refer to hydrogen in CH,—OH
groups. The spectrum obtained for the seeds show
signals with much higher intensity in the region
from 0.5 to 3.0 ppm that refer to hydrogen in the
oily fraction. These signals are according to the stud-
ies already done for other polysaccharides.”'*

Characterization by low field NMR

The results obtained by the measurement of proton
relaxation times showed that the entire seed and
powdered seeds presented three regions with
different molecular mobility (Fig. 6), two with high
mobility as assigned in Table II, which are men-
tioned to the water proton nucleus (0.05 and 0.3 x
10 ps) and oil proton nucleus (1.5 and 4 x 10° ps);
and the third region that represents the region with
more restricted mobility, which belongs to the
protons nucleus from water/polysaccharides and
proteins (125 and 144 x 10% ps).

In the case of seed flour, two regions was
observed, one with high mobility, which is assigned
to the water proton nucleus (1.5 X 10% ps), due to
their molecular mobility in this type of samples and
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Figure 6 Distribution curves obtained by low field NMR
for (-) entire seed, (--) powdered seed and (A) seed flour.

TABLE II
T; Values Obtained by Low Field NMR for the Samples
T]H Intensity TlH (1 FIT)
Sample (x10° ps) (%) (x10° ps)
Entire seed 0.05 1 97
1.5 2
125 97
Worn out seeds 0.3 3 115
4 4
144 93
Seed flour 1.5 7 73
84 93

another, with more restricted mobility, which is
related to the water protons nucleus interacting with
the polysaccharides and proteins (84 x 10° ps)
intracellular that presents less molecular motions,
because of strong multiples intermolecular and
intramolecular interactions.

Comparing the T;H values obtained for the rigid
domains of the samples, it can be observed that the
seed flour presented low value indicating an
increase in the sample molecular mobility after the
oil extraction, because of the decrease in the inter-
molecular interactions, creating more freedom to the
chains, which confirms T;,;H results, showing that
the oil causes multiple interactions with the constitu-
ents. In relation to the intensities, it was observed
that the rigid domains are presented with higher
intensity, comparing to the others. Because they
are responsible for controlling of the relaxation pro-
cess, due to the fact their relaxation processing is
longer since they have more interaction among the
molecular chains. Analyzing the results obtained by
TiH@apm), it was observed a decrease in the time
relaxation obtained for seed flour comparing with
the other samples, because of the diminish in the
intermolecular chains interactions, these statement
was also confirmed the results showed by T;,H.

CONCLUSIONS

The NMR in the solid state showed to be a good
source to characterize both chemical components
and the molecular mobility of seed fruit, as we have
done, this work, for cumbaru seed.

References

1. Corréa, M. P. Dicionario das Plantas tteis do Brasil e das
exoticas cultivadas; IBDF: Rio de Janeiro, 1984.

2. Lorenzi, H. Arvores brasileiras: manual de identificacdo e
cultivo de plantas arboéreas nativas do Brasil; Plantarum, Nova
Odessa: Sao Paulo, 1998.

3. Botezelli, L.; Davide, A. C.; Malavasi, M. M. Cerne 2000, 6, 9.

Journal of Applied Polymer Science DOI 10.1002/app



54

10.

11.
12.
13.

. Takemoto, E.; Okada, I. A.; Garbelotti, M. L.; Tavares, M.;

Aued-Pimentel, S. Revista do Instituto Adolfo Lutz 2001, 60,
113.

. Tavares, M. I. B.; Bathista, A. L. B. S.; Costa, . M.; Silva, E.

O.; Filho, N. P.; Nogueira, J. S. ] Appl Polym Sci 2004, 92,
2151.

. Tang, H.; Hills, B. P. Biomacromolecules 2003, 4, 1269.
. Kramer, K. J.; Hopkins, T. L.; Schaefer, J. Insect Biochem Mol

Biol 1995, 25, 1067.

. Mcdowell, L. M.; Schaefer, ]J. Curr Opin Struct Biol 1996, 6,

624.

. Costa, P. M.; Tavares, M. 1. B.; Bathista, A. L. B. S.; Silva, E.

O.; Nogueira, J. S. ] Appl Polym Sci 2007, 105, 973.

Kimura, S.; Naito, A.; Sait6, H.; Ogawa, K.; Shoji, A. ] Mol
Struct 2001, 562, 197.

Bock, K.; Guzman, J. F. A. Carbohydr Res 1998, 174, 354.
Duus, J.; Bock, K.; Ogawa, S. Carbohydr Res 1994, 252, 1.
Choi, S.; Kerr, W. L. Food Res Int 2004, 36, 341.

Journal of Applied Polymer Science DOI 10.1002/app

14.

15.

16.

17.

18.

19.
20.
21.

MACIEL AND TAVARES

Tavares, M. I. B.; Bathista, A. L. B. S.; Silva, E. O.; Filho, N. P.;
Nogueira, J. S. Carbohydr Polym 2003, 53, 213.

Conte, P.; Spaccini, R.; Piccolo, A. Prog Nucl Magn Reson
Spectrosc 2004, 44, 215.

Costa, P. M.; Tavares, M. 1. B.; Silva, E. O.; Bathista, A. L. B.
S.; Nogueira, J. S.; Ferreira, A. G.; Barison, A.; Daolio, C.;
Vizzotto, L. Int ] Polym Mater 2007, 56, 1135.

Gil, A. M. An Insight into the structure of foods using *C and
'H magic angle spinning (MAS) NMR: Application to wheat
dough. The Fifth International Conference on Applications
of Magnetic Resonance in Food Science, I; Aveiro, Portugal,
2000; 43.

Harris, R. K. Recent advances in solid state NMR. The Fifth
International Conference on Applications of Magnetic Reso-
nance in Food Science, I; Aveiro, Portugal, 2000; 1.

Gidley, M. J.; Bocieck, M. S. ] Am Chem Soc 1985, 107, 7040.
Gidley, M. J.; Bocieck, M. S. ] Am Chem Soc 1988, 110, 3820.
Cheetham, N. W. H.; Tao, L. Carbohyd Polym 1998, 36, 285.



