Solid-State NMR to Evaluate the Molecular Changes in the
Mango Starch After 8 Years of Storage
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ABSTRACT: Mango seed starch was mainly investigated
by 1D solid state nuclear magnetic resonance (NMR) to eval-
uate the changes in the chemical structure and molecular
dynamic, as a response of time storage. X-ray diffraction
was used to accompany changes in the morphology after
time storage. Thus, the basic work was to understand the
changes of mango seed starch, after 8 years storage at room

conditions. The solid-state NMR and X-ray diffraction
results showed that no changes in both chemical structure
and molecular dynamic as well as morphology was
found after 8 years of being storage at room conditions.
© 2012 Wiley Periodicals, Inc. ] Appl Polym Sci 000: 000-000, 2012
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INTRODUCTION

The quality of starches and their derivatives is an im-
portant factor for their use in food industry. Consider-
ing that starches are the major chemical compounds of
food such as cereals, they are a subject of many studies.
Starches characterization has a great interest in the
entire world due to their many applications.'™ Tt is
known that each starch presents its own properties,
such as composition, crystal type, granule organization
and glass temperature, as well as gelatinization pro-
cess. Thus, the nature of starches infers in their charac-
teristics and consequently uses. Normally, studies on
starch focus the identification of crystal type and com-
position."™ Other studies involve the understanding
of chemical structure and molecular dynamics. Analyt-
ical techniques, including nuclear magnetic resonance
(NMR) via nuclear relaxation time has been well estab-
lished to be used as a methodology to evaluate hetero-
geneous samples like starch.'™ Fruit seed starch has
gained much attention in accordance with their charac-
teristics and benefits for the health. In this work basic
solid NMR techniques, such as magic angle spinning
(MAS), crosspolarization (CP), crosspolarization magic
angle spinning (CPMAS), variable contact time (VCT),
and proton spin-lattice relaxation time were chosen to
obtain responses on starch chemical composition and
morphology, to make a composition-interconnectivity
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between results.">* The MAS was used with short
delay between 90° pulses, to investigate the high mo-
bility domain. The CPMAS was applied to have a
response of entire sample. The VCT was employed to
evaluated the efficiency of polarization transfer and
consequently to identify the mobile domains.

The relaxation parameter gives response on mor-
phology changes that can be interconnected with X-
ray results.

The main objective of this work was:

1. Identification of glycosidic carbons by chemical
shift assignments employing *C MAS and
CPMAS NMR spectra

2. The study of Anomeric C1-Carbon due to the
pharmaceutics needs and food;

3. Domain evaluation due to the variation of amy-
lose and amylopectin composition, employed
by a comparison between MAS and CPMAS
NMR techniques;

4. Water absorption evaluation through the deter-
mination of relaxation times;

5. Chemical resistance to time storage accompa-
nied by changes in the '>*C NMR spectra.

EXPERIMENTAL
Material

The starch seed was stored at laboratory conditions
for 8 years in a plastic bag. These conditions were
chosen to simulate the time of market storage.
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Figure 1 '*C line shape CP and CPMAS.

Solid-state NMR experiments

The solid state ">C NMR spectra were obtained on a
VARIAN INOVA 400 spectrometer, operating at 100
MHz for carbon-13. The MAS conditions were, spec-
tral width: 30,000 Hz; acquisition time: 0.04 s; pulse
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Figure 2 '>C CPMAS spectra mango starch. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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width 90°, recycle delay 0.3 s, and number of transi-
ents 5000. For CPMAS, the spectral width: 30,000
Hz; acquisition time: 0.04 s; pulse width 90°, recycle
delay 3 s, and number of transients 512. The VCT
conditions used were the same for the *C. A 7-mm
static double resonance probe head was used. m/2
pulse lengths of 3.8 and 4.0 us were applied for °C
and 'H, respectively. The proton decoupling field
strength was ~ 60 kHz, crosspolarization time of 1.0
ms. CPMAS with a range of contact time established
as 200-8000 (ps). The processing used was zero fill-
ing and line broadening was 50.

Proton spin-lattice measurements conditions

The relaxation time was analyzed in a low field
NMR Maran Ultra (Resonance Oxford -UK), using
18-mm NMR tube, operating at 23 MHz for the
hydrogen nucleus. The pulse sequence used to
obtain data of spin lattice relaxation time was the
inversion-recovery (recycle delay—180° — t — 90° —
acquisition data) the 90° pulse of 4.5 ps was cali-
brated automatically by the instrument software.
The amplitude of the FID was sampled for 20 t data
points, ranging from 0.01 to 5000 ms, using 40 data
points and 4 scans for each point. The same sample
was analyzed at 27°C. The relaxation values and rel-
ative intensities were obtained by fitting the expo-
nential data with the aid of the program WINFIT.
Distributed exponential fittings as a plot of relaxa-
tion amplitude versus relaxation time were per-
formed by wusing the software WINDXP. Both
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Figure 3 VCT performed for bourbon starch.
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TABLE I
Tfp Values of Mango Starch Seed Before and After 8 Years of Storage

Bourbon® Bourbon microwave Bourbon storage
Type of carbon o (ppm) Ti, (ms) c (ppm) Tii, (ms) c (ppm) Tji (ms)
C1 anomeric 101.4 43 100.9 49 100.8 4.3
CH—OH 73.0 4.0 71.6 43 71.7 4.2
CH,—OH 62.4 44 61.4 4.7 61.4 4.6

@ Value from Ref. 9.

WINFIT and WINDXP are commercial programs
and come with the low-field NMR spectrometer.

X-ray measurements

X-ray diffraction (XRD) was used to investigate
changes in interlayer distance. It was performed
using a Rigaku diffractometer with Cu Ko radiation
(A = 0.154 nm, 40 Kv, 120 mA) at room temperature,
scanning over the 20 range from 2° to 50° in 0.05°

steps, at a rate of 1° min .

RESULTS AND DISCUSSION
13C CPMAS NMR

Figure 1 shows the ">C CP spectra of Bourbon starch
with and without MAS. The advantage of spectral
resolution with MAS is clearly visible and the peaks

Bourbon Microwave

correspond to different positions of glucose units
and are a typical of starch spectrum. A comparison
of the *C CPMAS spectra with and without rotation
for all samples showed the distribution shape of the
resolved carbon-13 signals. The “C CPMAS of
mango starch presents signals well defined and
located at: 61.8 ppm (CH,—OH), 725 ppm
(CH—OH), and 10.6 ppm (C—0—C).

Figure 2 shows a comparison between *C CPMAS
spectra of Bourbon mango starch before and after 8
years of storage. No difference between both spectra
was identified. The signal shapes are same and the
chemical shift values did not changed, which is a
strong indication that no structural changes have
occurred in this storage period.

To simulate changes in the starch granule curing
the cooking, a treatment employing microwave to
cook the starch sample was done to see changes
and/or degradation in the chemical structure after
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Figure 4 (a) mango treated with microwave, (b) starch storage (8 years).
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TABLE II
Values of Proton T; for Both Samples
Tj' (ms)
Sample 1Exp 2Exp
Starch mango 56 5.5 65
Starch storage for 8 year 58 5.5 65
Starch microwave 55 5.8 62

water loss. The motions detected in the range of
microseconds to milliseconds (us—-ms) were meas-
ured by VCT experiment, which detect the different
types of glucose mobility in the range of kHz,
according to the intensity of the spectral array (Fig.
3). From VCT experiment no change in the shape
decay of resolved carbons for both samples was
seen. This is again a strong indication that even the
time of storage or microwave cooking did cause
structural changes in the mango starch.

From the VCT experiment the Ti. parameter was
determined from the resolved carbons, C1 anomeric,
CH—OH and CH,—OH. Table I shows the values of
Tﬁ, for the starch mango seed before and after 8
years of storage.

The results shown in Table I agree with the other
measurements, confirming that no chemical struc-
tural change was detected for starch mango seed
after being storage at room temperature for 8 years.
Any alteration in the spectra confirms that no micro-
organism grow up.

Figure 4 shows the decay of individual carbon
after VCT experiment. The same decay behavior was
observed, which are in accordance with the values
of relaxation time determined.

To evaluate the structural changes in the starch seed
after being stored for 8 years and after being submit-
ted to microwave, proton spin-lattice relaxation time,
measured in a low field NMR, was carried out to eval-
uate both samples comparing to mango starch. Table
II shows the values of proton T; for the samples.

From the results listed in Table II no significant
change at all was detected in the sample chemical
structure or organization after being stored for 8
years at room conditions and also after being cooked
in a microwave.

X-ray diffraction was done to both samples to
evaluate the crystallinity degree. The crystallinity
degree for both samples did not change significantly
and the values found were 22.5% = 0.3% and 21.4%
+ 0.6%, for the sample after 8 years of storage and
the sample submitted to microwave, respectively.
This behavior is in agreement with all results al-
ready discussed by NMR.
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CONCLUSION

According to the main purpose of this work, the
techniques used were able to evaluate the starch
fruit seed taking into consideration the changes in
the organizational structure or at least in the chemi-
cal structure after both types of conditions that the
starch seed was submitted. The results showed there
are not significant changes in the structure of mango
starch, even after 8 years aging and treatment with
microwaves.
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