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Abstract

The molecular mobility of the starch obtained from Mangifera indica Cv. Bourboun and Espada, has been characterised by 13C

solid state nuclear magnetic resonance, using techniques, such as magic angle spinning (MAS) and cross polarisation magic angle

spinning (CPMAS) NMR and by proton spin-lattice relaxation time in the rotating frame ðTH
1 rÞ: The CPMAS 13C NMR spectra of

these seeds showed three signals for Bourboun and two very broad signals for Espada. The seeds of the Mangifera indica Cv.

Bourboun and Espada are heterogeneous amorphous polysaccharides that present, at least, two domains with distinct

molecular mobility. These domains differ in size and chain packing. The variable contact time decay confirms that these starches

are amorphous and present one predominant rigid domain. Mango fruits were also analysed by delayed contact time experiments,

and the 13C decays showed that the polysaccharides are heterogeneous and contain one rigid domain that controls the relaxation

parameter.
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1. Introduction

Knowledge of the chemical structure and molecular

dynamics of the starch present in seeds is necessary to

obtain information possible application. The main objective

of this work is to obtain useful chemical and physical

microstructural information, to understand the molecular

behaviour, to contribute to the classification of the seeds in

mango fruits, and to evaluate their uses. Solution and solid

state NMR spectroscopy were chosen, from among the

diversity of techniques that allow us to evaluate the

chemical structure, microstructure and dynamics (Bovey

& Mirau, 1996; Feng, Feng, & Shen, 1993; Harris, 1996,

2000; Mothé & Tavares, 2000; Silva, Tavares, & Stejskal,

2000, Stejskal, & Memory, 1994; Tavares, Bathista, Silva,

& Noguira, 2000). NMR is important in the evaluation of

amorphous and heterogeneous materials, such as starches

(Fringant, Rinaudo, Foray, & Bardet, 1998). In particular,

the microstructure can be discriminated in solids due to the

fact that distinct pulse sequences can be applied to obtain

subspectra of components in different domains (Bovey

1996; Harris, 2000; Nogueira & Tavares, 2001; Silva et al.,

2000). MAS and CPMAS are examples of techniques that

allow us to observe mobile regions and the rigid phase,

respectively. For instance, from cross-polarization magic

angle spinning with dipolar dephasing (CPMASDD) the

mobile regions can automatically be detected together with

non hydrogenated carbons (Nogueira & Tavares, 2001).

Consequently two distinct phases can be detected. NMR can

also provide detailed information on mobility at

the molecular level over a wide range of rates, by relaxation

time experiment (Feng et al., 1993; Harris, 2000).
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2. Experimental

2.1. Materials

The starches extracted from the Mangifera indica Cv.

Bourboun and Espada seeds were powdered on collection

with no further treatment.

2.2. NMR Measurements

All solid spectra were obtained on an INOVA 300

spectrometer, operating at 75.4 MHz for 13C. All solid

experiments were carried out at an ambient probe temperature

with highpowerdecoupling.Azirconium oxide rotorof7 mm

diameter was used to acquire the NMR spectra at spinning

rates of 5.5 kHz. The 13C NMR spectra were obtained using

MAS, with a short recycle time (0.3 s) between 90 degree

pulses and 5000 scans; in the CPMAS experiment, the

strengthofspin-lockingfieldB1 was40 kHz; the recycledelay

time was 2 s and 3200 scans were used. For the variable

contact-time experiment, the lock time ranged from 200 to

8000 ms. Proton T1r values were determined from

the intensity decay of 13C peaks with increasing contact-

timesandalsofromthedelayedcontact-timeexperiment,with

a spin-lock time varying from 200 to 8000 ms.

3. Results and discussion

The basic MAS 13C was recorded with a short recycle

time (0.3 s) between 908 pulses, in order to observe only the

mobile species. Both seeds showed sharp signals that were

attributed to the oil present in the seeds (Fig. 1). This oil was

characterised using solution 13C NMR as a triacylglycerol

with long linear chains. It was also observed that the

starches do not give signals under these conditions, which is

an indication that they do not have domains, which have

high molecular mobility on this time scale.

The CPMAS 13C NMR spectra for these seeds are shown

on Fig. 2, there are three dominant NMR signals for

Bourboun and two very broad signals for Espada (see

Table 1). Other small signals from the oil and weak peaks

thought to be due to gluten proteins were also detected. The

broad nature of the NMR signals indicated that the seeds of

both mango types could be mainly constituted by starch in

an amorphous heterogeneous form.

The single exponential decay observed in the variable

contact time decay confirms that these samples are due

to one large domain, which controls the relaxation process.

After these first results, we decided to make an

extraction of the oil presented in the seed starch with

acetone for 24 h. The starch, after removal of the

acetone, was dried and analysed by the same techniques.

The MAS 13C recorded under the conditions speci-

fied in the experimental section, did not show any signals

at all.

Fig. 1. MAS 13C, recorded with short delay time (0.3 s) between 908 pulses,

for both mango seeds.

Fig. 2. CPMAS 13C NMR spectra of Bourboun and Espada seeds, before

acetone extraction.
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The CPMAS 13C spectra (Fig. 3) showed three wide

NMR signals for Bourboun and two very broad signals for

Espada. These NMR lines derive from the polysaccharide.

The difference in the CPMAS line broadening lead us to

suggest that these starches have differences in the quantity

of chemical components. According to these observations

espada starch seems to be more amorphous than bourbon

starch.

The TH
1 r parameter, for both seed starches, was obtained

from the variable contact time (VCT) experiment. TH
1 r

depends on the extent of dipolar interaction which is

dominated by near neighbour spin diffusion. TH
1 r was also

obtained from delayed contact time (DCT) before and after

extraction. The values for the TH
1 r parameter measured by

VCT are listed in Tables 2 and 3. The TH
1 r values measured

by DCT, in this experiment the contact time is constant and

the values of TH
1 r detected come from the mobile region are

listed in Tables 4 and 5.

The values of TH
1 r; obtained by VCT, for bourbon

indicate that the starches are non-ordered either within

the time scale of the dipole–dipole interaction or in the

sense that the average distance between dipoles is too

great for efficient transfer.

The TH
1 r values, obtained by DCT, for both mango

seeds, show no significant difference. The distribution of

starch components now seems to be homogeneous. These

values should represent the more mobile fractions and

may represent the a (1–6) branching of the amylopectin

chain. These branches exhibit higher relaxation rates

implying fast molecular reorientation in the branches,

causing higher frequency molecular motions.

Table 1

Chemical shift, measured for both types of mango seeds before

extraction

Type of carbon Bourboun Espada

d(ppm) d(ppm)

C1 anomeric 101.8 100.4

CH–OH 73.1 73.0

CH2–OH 62.8 –

Fig. 3. The CPMAS 13C spectra for Bourboun and Espada seeds, after

acetone extraction.

Table 2

TH
1 r values, as a function of chemical shift, obtained by VCT before

extraction

Type of carbon Bourboun Espada

d(ppm) TH
1 r(ms) d(ppm) TH

1 r(ms)

C1 anomeric 101.8 2.6 100.4 4.7

CH–OH 73.1 5.3 73.0 5.3

CH2–OH 62.8 7.3 – –

Table 3

TH
1 r values, as a function of chemical shift, obtained by VCT after

extraction

Type of carbon Bourboun Espada

d(ppm) T1
Hr (ms) d(ppm) TH

1 r (ms)

C1 anomeric 101.4 1.9 100.2 1.8

Ch–OH 73.0 5.1 71.5 6.1

CH2–OH 62.4 7.1 – –

Table 4

TH
1 r values, as a function of chemical shift, obtained by DCT before

extraction

Type of carbon Bourboun Espada

d(ppm) TH
1 r(ms) d(ppm) TH

1 r(ms)

C1 anomeric 101.8 4.6 100.4 3.7

Ch–OH 73.1 4.0 73.0 3.3

CH2–OH 62.8 4.3 – –

Table 5

TH
1 r values, as a function of chemical shift, obtained by DCT after

extraction

Type of carbon Bourboun Espada

d(ppm) TH
1 r(ms) d(ppm) TH

1 r(ms)

C1 anomeric 101.4 4.3 100.2 3.6

Ch–OH 73.0 4.0 71.5 3.8

CH2–OH 62.4 4.3 – –
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