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Introduction. The aim of this study was to evaluate the
main morphological and structural properties of native and
modified starch by heat-moisture treatment (HMT) of
“pinhdo” seeds.

Materials and methods. “Pinhdo” starch was
extracted from seeds of Araucaria angustifolia. Amylose
content was determined by iodine affinity. Humidity, ashes,
protein and fats were determined by the Association of
official analytical chemists (AOAC) methods. The
microscopic techniques used were Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy (AFM).
For structural evaluation of the granules, X-ray Powder
Diffraction (XRD) was used.

Results and discussion. The “pinihdo” starch
extracted from aqueous methodology showed an amylose
content of 26.3%. The samples showed low moisture
(<8.5%) content as well as ash content (<1.44%). By SEM
and AFM, the largest average diameter (d.) was for
untreated “pinhao” starch granules; 10.85 and 10.64 um,
respectively. The smallest granules were those treated with
10% humidity for 60 min and 120 °C. The medium
roughness (r.) studied by AFM increased according to
HMT, from 321.68 to 470.06 um, respectively. A reduction
in the relative crystallinity (Rc) was observed according to
the HMT performed.

Conclusions. Round and oval shapes were found for
the starch granules, with a flat face. Similarities were found
in the mean diameter values (d,) between the techniques.
The average diameter of the granules increased as humidity
increased during the modification by HMT. The mean
roughness (ra) increased with the HMT while the relative
crystallinity (RC) decreased.
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Introduction

Starch is a source of carbohydrates in nature. It is a natural biopolymer arranged as semi-
crystalline granules. Their main fractions are macromolecules of linear amylose and branched
amylopectin. Due the abundance it is main source of carbohydrates in human diet. Starches
can be obtained from several sources as roots, seeds, stems, etc.

“Pinhdo” are the seeds from Araucaria angustifolia tree. This is a pine tree and grows in
south of Brazil and other countries of south America. The seed contain 68-72% starch which
presents 26-28% amylose. Other compounds are proteins (= 3%), lipids (=21%), soluble
sugars (=2.4%) and fibres, minerals, phenolic compounds (= 0.2%) [1-4].

Starch is useful in various industrial fields. However, in its native form has restricted
limitations as low solubility in cold water, high viscosity, paste instability, etc. Talking in
account this aspect, starch is frequently submitted to physical, chemical or enzymatic
treatment, or their combinations in order to obtain some desirable properties to industrial
applications [4, 5].

The heat-moisture treatment (HMT) of starches is a physical procedure that consists in
add water upon starch (ratio <35%) and following by heating to temperatures above its
gelatinisation temperature (90—120°C) and for some time (15 min — 16 hours). This
hydrothermal modification is a technique considered natural and safe. It causes some features
in starch granules, acts within the amorphous and crystalline regions and without destroying
granular structure of starch granules [5-9].

The main microscopic techniques used in observation of starches are: optical
microscopy — OM [2, 10, 11], scanning electron microscopy — SEM [5-11], atomic force
microscopy — AFM [4, 12, 13]. In a previous review [14] has been reported the main
characteristics (shape and size) of native starches from different sources obtained by SEM.

Many starches have been classified as A-type, B-type and C-type, by X-ray powder
pattern diffractometry technique (XRD). This classification is in agreement with the position
of diffraction angle (20). The A-type show higher peak intensity at 20 at 15° 17°, 18° and
23°; the B-type with higher peak intensity for angles of refraction 20 at 5°, 6°, 15°, 17°, 22°
and 23 °. The C-type is a blend of A and B with peaks at 20 at 15°, 17°, 22° and 23°[16]. On
the other hand, with this technique it is possible to calculate the relative crystallinity of starch
granules [11-13].

The “pinhao” is an unconventional source of starch, recognized for its nutritional value,
and therefore encourages studies that enable its application. Thus, modifications can be tested
to understand the behaviour of starch under different conditions employed. Physical
modification, such as HMT, is widely valued as an environmentally friendly technology.

Therefore, the aim of this study was to evaluate the main morphologic and structural
properties of untreated and modified starch by heat-moisture treatment (HMT) of “pinhdo”
seeds.

Materials and methods

Materials

The “pinhao” seeds were purchased from a popular market in the city of Ponta Grossa-
PR-Brazil.
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The starch was extracted in aqueous medium according the methodology described by
Bet et al.,[1]. After extraction the starch was filtered and dried in an oven at 40°C by 24 hours
and maintained in a desiccator up to constant mass.

Methods

Amylose Content

The amylose content of “pinhdo” starch was performed in agreement with literature [1].
A potentiometric titrator (702 SM Titrino, Brinkmann Instr., NY) was used in determination
of iodine affinity (IA). The procedure was performed in triplicate. The calculation of the
amylose content, the IA value of starch was divided by the IA according the Equation 1:

Amylose (%) = 100% 1A /0.2 (1)
Physicochemical Analysis
The moisture, ash, protein and fat content were determined as AOAC methodology [19].
Heat Moisture Treatment (HMT)

The heat-moisture treatment (HMT) of starches were performed in the following way
[11]: an aliquot of 100 g “pinhdo” starch was divided in four portions with 25 g. All samples
were maintained in desiccator with anhydrous calcium chloride up to constant mass. Each
sample show 8.1% moisture. One sample (untreated) was maintained in desiccator and
labelled (a). Upon the second was added distilled water up to 10% (b); upon the third up to
15% (c) and upon the fourth up to 20%, respectively. The samples (b, ¢ and d) were
homogenised and transferred to tree pressure flasks., sealed tightly with a hermetic lid. So,
the flasks were maintained in an autoclave for 60 min at 120°C. After this time, the flasks
were opened and maintained in desiccator up to constant mass.

Scanning Electron Microscopy (SEM)

The micro-images of each sample were observed with high resolution using a Scanning
Electron Microscope (model VEGA 3 Tescan, Czech Rep.) [10]. Initially, the samples were
sprayed on a carbon tape and metalized with gold and so observed. It was possible to observe
the shape and measure it size as well as the average diameter (d,) of a number of granules.

Atomic Force Microscopy (AFM)

Micro-images of “pinhdo” starches were observed with high resolution using an atomic
force microscope SPM 9600 (Shimadzu, Japan), by the non-contact method [8]. The starch
samples were spread directly onto an adhesive tape fixed in the AFM sample holder. The
micro-images of samples were observed with high resolution in 2D or 3D. Measurements
and average diameter “d,” can be performed. With the scanning of surface of a set of granules
it is possible to observe that this surface has irregularities. Thus, more or less smooth parts
can be observed with protrusions and depressions. The measurement parameter that
corresponds to the arithmetic mean of the absolute values of the distance ordinates (yi1, y2, y3,
.., ¥n), divided by the number of measurements (y,) in the considered distance (d,), Figure 1.
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Figure 1. Measurements of average roughness (r,)
The Equation 2 was used in the calculation of average roughness (r,):
Ln=yir+y+ys + .. =w/n 2)
X-ray Powder Pattern Diffractometry (XRD)

The X-ray diffractogram of each sample was obtained by the instrument Ultima IV
(Rigaku, Japan). The following parameters were used: Cu K o radiation (A = 1.5444),
voltage 40 kV and current 30 mA; scanning speed 2 min, step 0.02, Bragg-Brentano
geometry of 5 © <0 < 80° (20). The main degrees of diffraction angles were observed and
registered. The relative crystallinity was calculated in agreement with Equation 3, as
described in literature [7, 12].

Re=Ap/ (Ap+ Ab) .100 3)

where: R. = relative crystallinity; A, = peak area; A, = base area

Results and discussion

The amylose content in the studied “pinhao”
found by Bello-Pérez et al. and Costa et al. [10, 12].

The moisture content for untreated and HMT modified starches were, 8.5%, 6.4%, 7.0%
and 7.4%, respectively.

The ashes were determined quantitatively and the values obtained were: 1.44%, 1.08%,
1.39% and 0.85%, respectively.

The protein (2.12%) and fat (0.44%) content were determined only for untreated
"pinhdo" starch, due to the changes that these macronutrients can undergo during HMT.

starch was 26.3%. Similar values were

Scanning Electron Microscopy (SEM)

The microimages obtained by SEM are collected in Figure 2.
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Figure 2. Scanning electron microscopy (SEM) of “pinhio” starch granules (a) untreated;
(), (¢), and (d), treated by HMT (magnification 1200 X, bar 10 pm)

According to the micrographs observed by SEM, the starch granules of the "pinhdo"
presented a rounded or oval shape, besides a flat face with some protuberances and
depressions. No aggregation of granules was found in this investigation. Pinto et al., 2015,
found aggregation in pinion starch granules when they were modified with moisture >25%
[6]. The mean diameter of untreated and modified starches measured by SEM was 14.65 um;
the smallest granules had a diameter of 8.1 um and the largest 23.6 um. Conto et al., 2011
[15], found values of 10-25 wm. The measurement of the average diameter (d.) by SEM is
shown in Table 1.

Atomic Force Microscopy (AFM)

This tool was used as the contactless method (AFM-NC). The samples were spread
directly on an adhesive tape fixed on the sample holder, and this was enough to immobilize
the granules and avoid contamination of the starch surface. In Figure 3(a) scan size (24 x 24
um), a 3D acquisition image of the typical untreated “pinhdo” starch granule demonstrating
an oval shape is shown. On the surface we can see that it is relatively smooth with depressions
and shallow grooves. Below Figure 3(b), the same 2D image of the starch granule with the
measurements and next to the segments A-B, C-D, E-F, G-H that represents the height profile
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of the morphological surface. Considering the values found for the cross-section segments:
A-B = 20.67 pm, C-D = 15.01 um, E-F = 16.65 pm and G-H = 19.46 um, the average
diameter (d,) found for this granule was 17.95 pm. However, at least three similar
measurements must be made and the mean as well as a larger number of granules must be
calculated. The graph of the section in Figure 3(b), right, corresponds to the measurement of
the surface topography from different angles of the granule and is used with the software of
the instrument to calculate the average roughness (7,), which was 302.4 pm for this granule.

In Figure 4, with the resolutions of 120 x 120, 50 x 50 pm, as in Figure 3, the 2D
microimage of “pinhdo” starch granules is represented. Here each segment A-B, C-D, E-F,
G-H, displayed in a group of granules in each Figure, corresponds to a section measurement
(in pm) that can be used to calculate the average diameter of each granule. On the right side
of Figure 4-b, the segments displayed correspond to the surface of the starch granules and
are used to calculate the average roughness (r,), according to Equation 2.
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Figure 3. NC-AFM, 3D (a) and 2D (b) topographic micro-images of untreated “pinhao” starch
(scan size 24 x 24 pm), height difference 2.02 pm, and the cross section
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Since in a large amount of starch granules, they displayed different sizes, with each
segment it is possible to measure different granules. Thus, other measurements are made in
resolutions 20 x 20, 50 x 50, 80 x 80, 100 x 100 and 120 x 120 um and in each one of them
at least 4 measurements are made with 3 repetitions. Therefore, as shown in Figure 3, the
measurements were made using the software of the instrument and it was possible to
determine the average diameter (d,) of the granules and the average roughness (7,) of the
surface granules

50 pm

50%50 pm 20 um 50x50 p
(c) (d)

Figure 4: NC-AFM, 2D micro-image of untreated “pinhao” starch
(a) and (b) — scan size 120 x 120 pm, height difference 4.29 pm;
(¢) and (d) — scan size 50 x 50 pm, height difference 2.61 pm.
In Figure 5 we can observe the 3D microimages of each sample of “pinhdo” starch
granules (untreated and after HMT with 10, 15 and 20% moisture), under a scan size of 50
x 50 pm.
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Figure 5. NC-AFM 3D micro-images of:

(a) — untreated “pinhao” starch granules;

(b) — “pinhao” starch granules with 10% moisture and after 60 min at 120 °C;
(¢) — “pinhdo” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhao” starch granules with 20% moisture and after 60 min at 120 °C.

Visually it is possible to verify that some changes occurred in the structure, mainly in the
roughness, which increased proportionally with the increase of moisture in the HMT and
heating for 60 minutes at 120 °C. The roughness was calculated according to Equation 2 and
the values are represented in Table 1.

Table 1

Average diameter (d,) of “pinhdo” starch granules measured by SEM and AFM and average
roughness (r,) measured by AFM

(a) — untreated “pinhao” starch granules;

(b) — “pinhao” starch granules with 10% moisture and after 60 min at 120 °C;
(¢) — “pinhdo” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhao” starch granules with 20% moisture and after 60 min at 120 °C.

Samples SEM — da (um) AFM — da (um) AFM - ra (um)
(a) 10.85 10.64 321.68
(b) 9.56 9.29 426.15
(©) 9.67 9.37 439.72
(d) 10.48 10.26 470.06

X-ray Diffractometry (XRD)
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The X-ray diffractometer pattern of untreated and modified “pinhde” starches is shown
in Figure 6. The values of the main peaks in the diffraction angle 26 are shown in Table 2.
The analysis of these figures and values reveals that “pinhde” starches are semicrystalline
solids, with main peaks (20) around 15, 17, 18 and 230, characteristic of C-type.
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Figure 6. X-ray Diffractograms (XRD) of:

(a) — untreated “pinhdo” starch granules;
(b) — “pinhdo” starch granules with 10% moisture and after 60 min at 120 °C;
(¢) — “pinhiao” starch granules with 15% moisture and after 60 min at 120 °C;
(d) — “pinhéo” starch granules with 20% moisture and after 60 min at 120 °C.

According to the literature [17], the C type starch pattern is a semicrystalline polymorph
characteristic of cereal and tuber starches, being a mixture of A and B polymorphs.

The relative crystallinity (RC) of untreated “pinhdo” starch and modified HMT was
calculated. The results obtained are in Table 2, and a decrease in RC with an increase in HMT
was observed. This behaviour was observed by other authors [7]. The differences in values
may be associated with the starch extraction method, which in this study was performed by
aqueous methodology.

Table 2
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XRD values of: (a) untreated “pinh&0” starch granules;
b) “pinhao” starch granules with 10% moisture and after 60 min at 120 °C;
p g
¢) “pinhao” starch granules with 15% moisture and after 60 min at 120 °C;
p g
(d) “pinhao” starch granules with 20% moisture and after 60 min at 120 °C.

Peaks Peaks Peaks Peaks Peaks ch:tl:ltlii‘r’:;
Sample (26) (26) (26) (26) (26) y(Rc)% ty
(a) 15.09 17.05 18.10 18.75 23.30 20.94
(b) 15.11 17.12 18.05 18.60 23.11 19.89
(c) 15.23 17.10 18.01 18.66 23.00 19.02
(d) 15.80 17.22 18.00 18.62 22.94 17.76
Conclusion

Untreated and modified HMT “pinhdo” starch granules were investigated by SEM and
AFM microscopy techniques, and the results were similar between the two techniques. Some
changes could be observed in the surface of the granules when analyzed by AFM, mainly in
the average roughness that increases with heat-moisture treatment. The XRD technique
allowed to determine the characteristics of type C and to calculate the relative crystallinity
that decreased with the treatment performed.
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