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Abstract Amaranth nutritional value has been widely recog-
nized, but the required conditions for its processing cannot be
adapted to traditional technologies. For the proposal of alter-
native strategies, the changes of several components should be
understood. Enriched starch and lipid—protein fractions of
amaranth flour upon different milling treatments were obtained
and characterized by attenuated total reflectance—Fourier
transform-infrared spectroscopy. Starch- and lipid—protein-
enriched amaranth fractions were obtained by abrasive milling;
amaranth starch was isolated by wet-milling procedure, and
flour samples were obtained from planetary ball milling.
Changes on starch, protein, and lipids relative contents, on
starch crystallinity and on lipids and protein stability after
milling and 6-month storage, were evaluated. The Fourier
transform-infrared (FT-IR) spectroscopy peaks of the main
grain components were identified in the middle-infrared range.
By calculating the ratios between height intensities of selected
specific peaks, several characteristics of the samples could be
explained: increased protein content and lipid proportion of the
enriched fraction; decrease of the starch crystallinity degree by
abrasive milling and especially by ball milling due to starch
amorphization during these processes; and lipids modification
in milled and in 6-month aged samples. FT-IR analysis can be
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considered a rapid, nondestructive, solvent-free, sensitive, and
useful tool to investigate starch, lipid, and protein modifica-
tions provoked by processing and storage as well as to deter-
mine, based on intensity ratio, the relative proportion of grain
components within amaranth milling fractions. The abrasive
milling associated to planetary ball milling to obtain modified
different fractions is presented as an interesting strategy for the
processing of amaranth grain.

Keywords Amaranth - Ballmilling - Abrasivemilling - FT-IR -
Starch - Lipid—protein fraction

Introduction

Amaranth is a pseudo cereal that shows rapid growth, with high
tolerance to arid climate conditions and poor soils where tradi-
tional cereals cannot be grown. The main cultivars used are
Amaranthus hipochondriacus, Amaranthus cruentus, and
Amaranthus caudatus. Amaranth seeds contain a significant
proportion of starch (62 %), protein (14-17 %), and fat
(5-9 %) which make the flour a promising material for film
production (Tapia-Blacido 2006). Amaranth has shown inter-
esting functional properties compared to other widely used
grains in starch production, regarding its water binding, swell-
ing, and pasting properties (Calzetta Resio et al. 2006). By
applying acid wet-milling procedure, Calzetta Resio (2007)
has isolated amaranth starch at laboratory scale. However, the
grain fractionation by wet or dry milling has not been performed
at industrial scale due to several factors which involve the poor
development of grain varieties suitable for mechanical harvest-
ing (Peiretti 2009) and the lack of suitable milling method to
overcome low fraction yields associated to grain size. Enriched
amaranth fractions were obtained by Tosi et al. (2000) who
developed a differential dry-milling technique to produce three
fractions: a protein enriched with more than 40 % of protein,
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another rich in dietary fiber, and a starchy fraction containing
about 79 % of starch. More recently, Roa-Acosta et al. (2011)
have obtained enrichment fractions by abrasive milling of am-
aranth grain. Starch fraction (enrichment of 88 %) and lipid—
protein-enriched fraction with 23 % of lipid content and protein
content of 46 % were obtained. Such abrasive milling was
presented as a pretreatment in wet-milling method to isolate
amaranth starch.

Fourier transform-infrared (FT-IR) spectra analysis has
being widely used to evaluate product composition and to
determine chemical modifications induced by different food
processing methods. This technique was used by Shrestha et
al. (2010) to study changes in long- and short-range molec-
ular order provoked by extrusion procedure in high-amylose
maize starch. The formation of hydrogen bonds between the
blend components was confirmed using FT-IR spectroscopy
by Jiménez-Elizondo et al. (2009), who developed biode-
gradable films based on amaranth. Liu et al. (2011) have
determined changes in crystalline/amorphous fractions of
maize starch subjected to ball-milling treatment. Capron et
al. (2007) studied the organization of various starch samples
varying in molecular structure and moisture content by
attenuated total reflectance—FT-IR (ATR-FT-IR) spectrosco-
py. These authors analyzed main changes related to the glass
transition as function of moisture content and crystalline/a-
morphous ratio. During sesame protein isolation, FT-IR
analysis revealed that heat treatment as well as use of
chemical additives (NaCl and ammonium sulfate) at lower
concentrations induced changes in protein conformation,
whereas at higher concentrations of the latter additives, the
protein conformation was more stable (Achouri et al. 2012).

The development of suitable fractionation technolo-
gies for the application of amaranth grains will provide
benefits from nutritional and economical standpoints.
The aim of this work was to analyze several amaranth
milling treatments as innovative strategies for obtaining
enriched starch and lipid—protein fractions and to char-
acterize those fractions by using FT-IR. Changes on
starch, protein, and lipid relative content, on starch
conformation after abrasive, ball, and wet milling and
on lipid stability after 6-month storage, were evaluated.

Materials and Methods
Material

Amaranth grain (4. cruentus) used in this study was har-
vested on the west of Buenos Aires. The grains were
screened to remove foreign matter and stored in sealed
containers at room temperature previous to their use. The
moisture content of amaranth grain was 10.5+0.1 g/100 g
(determined by official method AOAC 2000, 925.09).

@ Springer

Milling Treatments

Figure 1 shows a flow chart with the milling procedures.
Raw seeds [control samples (C)] were ball milled (C-BM)
and also were used for starch isolation by wet milling
(SWM). Abrasive milled was also performed from raw
seeds, obtaining two fractions: lipid—protein-enriched frac-
tion (LPEF) and starch-enriched fraction (SEF). SEF frac-
tion was also subjected to ball milling at different times
(obtaining SEF-BM1 and SEF-BM2). LPEF samples were
aged to analyze lipid and protein changes. All milling pro-
cedures were performed by triplicate.

Abrasive Milling

Starch- and lipid—protein-enriched fractions were obtained
by abrasive milling using a laboratory rice mill Suzuki MT-
95 (Suzuki, San Pablo, Brazil), which separates automati-
cally pearled amaranth (starchy fraction yield, 70 %) and
bran (lipid—protein fraction yield, 28 %). After an optimiza-
tion evaluation through an experimental design, the selected
milling conditions involved 100 g of milling load and
90 min of milling time (Roa-Acosta et al. 2011). In order
to observe the changes during long-time storage of enriched
fractions, some LPEF samples (10 g) were stored at 8§ °C
during 6 months in sealed containers (aged LPEF).

Ball Milling

The SEF sample previously obtained by abrasive milling and
control sample were milled in a planetary ball mill. A PM-100
planetary ball mill (Retsch, Haan Mettman, Germany) with
one stainless steel milling cylinder (500 mL) was used. The
amaranth samples and five times weight stainless steel balls
(¢=10 mm) were placed into the stainless steel container up to
about one third of their capacity. The milling was rotated
horizontally at constant milling speed of 350 rpm for 47 min
obtaining SEF-BM1 and C-BM samples and for 180 min
obtaining SEF-BM2 sample. The ball milling was changed
in rotational direction in every 30 s. Such milling conditions
were adopted based on literature findings (Martinez-Bustos et
al. 2007; Zhang et al. 2010). Samples milled were sifted in a
vibrating screen Zonytest (model EJR200; Buenos Aires,
Argentina) through sieves no. 60 (250 pm), no. 80
(177 pm), and no. 200 (74 wm). The residue (74 pwm)
contained the flour and was selected for FT-IR analysis.

Wet Milling: Starch Conventional Isolation

Amaranth starch was isolated by acid wet-milling procedure
developed by Calzetta Resio et al. (2006). Soaking was per-
formed at 50 °C during 120 min, using a soaking solution of
0.55 g SO,/L (made with NaHSOj; from Sigma Chemical Co.,
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Fig. 1 Amaranth milling
diagram. Milling and analysis
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St. Louis, USA) with a ratio of solution/grain of 3:1 (in milliliter
per gram). The isolated starch (SWM) was dried in a vacuum
oven at 40 °C for 48 h and stored at room temperature in a
sealed container.

Attenuated Total Reflectance—Fourier Transform-Infrared
Spectroscopy

FT-IR spectra were obtained in a FT-IR spectrometer model
spectrum 400 (PerkinElmer, Inc., Shelton CT, USA) with a
DTGS detector. All the samples were measured as obtained
respectively by the milling treatment. Whole-seed control
flour and SEF samples were prepared in a butt mill (Decalab
Fbr®, Buenos Aires, Argentina) with 30 s of milling time in
order to obtain a powder; this grinding mild condition was
considered negligible regarding starch structure. All the pow-
ders were studied in a MIRacle single-reflection attenuated
total reflectance (ATR) accessory (PIKE Technologies, Inc.,
Madison WI, USA) with a single-reflection diamond/ZnSe
crystal at an incident angle of 45°. The spectrum of each
sample was obtained by taking the average of 64 scans at a
resolution of 4 cm ', at 25 °C. The spectra were acquired
between 600 and 4,000 cm™'. A strong apodization was used,
with a magnitude phase correction. A flat tip was used to
obtain an intimate contact between sample and crystal, with-
out pressure control. A background spectrum was recorded in

Milled starch

enriched fraction

SEF-BM1 SEF-BM2

Sieve (74 pm)
and

humidity control

ATR-FT-IR

analysis

air (without sample) prior to each spectrum measurement.
Spectral analysis was performed using the Spectrum software
version 6.3.5 (PerkinElmer, Inc.). The average of the tripli-
cates for each milled sample was reported. Since the used
crystal showed a great absorbance (around 95 % of the inci-
dent light) in the spectral region between 1,800 and
2,500 cm_l, this region was subtracted. Baseline was cor-
rected, and the spectra were normalized (between 0 and 1)
for figure presentation. The spectra shown in Fig. 4 were
previously normalized using max/min. The wave number of
the peaks was obtained through the equipment software tool
by using a 1 % reflectance threshold. The reflectance signal
heights of each spectrum at 996, 1,014, 1,039, 1,075, and
1,145 cm™' were recorded from each sample; the intensity
ratios of the bands at 996 and 1,014 cm ' (996/1,014) and at
1,039 and 1,014 cm ! (1,039/1,014) were used as convenient
indexes of short-range starch conformation (Lopez-Rubio et
al. 2008; Shrestha et al. 2010; Liu et al. 2011). The intensity
ratio of the bands at 1,145 and 1,075 cm ™ (1,145/1,075) was
used as a convenient starch content index of the samples since
these bands were not influenced by the short-range changes.
The band heights were also studied for proteins (1,640 and
1,540 cm ") and lipids (2,923, 2,853, and 1,740 cm ') and
were related to the starch main peak (996 cm™"), in order to
establish normalized ratios in each spectrum among the prin-
cipal constituents of the samples.
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Determination of Amaranth Fractions Composition

The proximate composition of amaranth and amaranth fractions
was determined in triplicate by official methods: moisture con-
tent (AOAC 2000, 925.09 method); starch (AACC 1995, 76—
11 method); protein (AOAC 2005, 960.52 method); fat (AOAC
2005, 925.12 method); ash (AOAC 2005, 923.03 method).

Statistical Analysis

Significance of the effect of milling treatment and the effect of
composition on amaranth seed fractions were evaluated by
one-way ANOVA (significance level «=0.05 %) with Tukey
posttest using Prism 5 (GraphPad Software, Inc., San Diego,
CA, USA). In some cases, p value was calculated by using a t
test in order to deeply analyze differences between samples.

Results and Discussion

The main components of control, starch- and lipid—protein-
enriched fractions from abrasive milling, and starch from wet
milling were determined, and the results are reported in
Table 1. The samples obtained by ball milling (C-BM, SEF-
BM1, and SEF-BM2) have the same starch content of that of
the input sample (ball-milling treatment only changes the
short-range starch conformation, but not its content). It can
be seen that the abrasive-milling procedure successfully pro-
duced two well-enriched fractions, one in lipids and proteins
and the other in starch. The enrichment level obtained in this
work was higher in comparison with reported data of Tosi et
al. (2000). SWM sample showed, as it was expected, higher
starch purity in comparison to SEF sample obtained by abra-
sive milling. However, it is important to remark that from the
industrial point of view, though in this procedure, two
enriched fractions were produced together.

FT-IR spectroscopy was employed in order to study the
main bands observed in the amaranth whole-flour control
sample (Fig. 2) and in both enriched fractions obtained by

Table 1 Composition of amaranth whole grain and fractions obtained
by wet and abrasive millings

Grain fraction Lipids (%) Proteins (%) Carbohydrates (%)

Whole grain (control) 7.7+£0.1°  16.8+0.1>  73.0£0.4°
SwM! - 0.6+0.19  98.9+0.4°
SEF? 1.5+0.1°  5.0+0.1°  87.7+0.4°
LPEF? 23240.1° 46.6£0.2°  10.2+0.4¢

Different letters (a—d) indicate significant differences (p<0.05) on
composition. Standard deviation values are included.

! Starch isolated by wet milling.

2 Starch-enriched fraction obtained by abrasive milling.

3 Lipid—protein-enriched fraction obtained by abrasive milling
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Fig. 2 Typical FT-IR spectrum of amaranth flour control sample.
Arrows point out the main bands analyzed for lipid, protein, and
carbohydrate regions

abrasive milling (Fig. 3). Figure 2 shows a complex spectrum
in which it is possible to identify three separated areas for
analyzing starch, lipids, and proteins. The bands assignment
based on the literature for similar flours is shown in Table 2.
The main band at 996 cm ™' can be ascribed to starch contri-
bution. This band showed two shoulders at 1,014 and
1,039 cmﬁl, being the latter more intense than the first one.
Protein bands can be observed at 1,640 and 1,540 cm ' and
correspond to the amide I and II vibrations, which are the most
common vibration to study proteins (Cremer and Kaletung
2003; Barth 2007). Lipid contribution can be observed in the
bands at 2,923, 2,853 and 1,740 cmﬁl, corresponding to C-H
vibration. Similar spectra were obtained by Tapia-Blacido
(2006) with edible films based on amaranth flour and starch.

The protein and lipid relative content after the different
treatments was also analyzed by FT-IR spectroscopy. Figure 3
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Fig. 3 FT-IR spectra of amaranth fractions obtained by abrasive mill-

ing and control sample. LPEF lipid—protein-enriched fraction, SEF
starch-enriched fraction
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Table 2 Peak assignment of

amaranth whole flour control Peak Possible peak assignment Reference
sample FT-IR spectrum (em™)
3275 OH stretching (H bonded) Tapia-Blacido 2006; Jiménez-Elizondo et al. 2009
2923 C—H stretching (asymmetric) Cremer and Kaletung 2003; Jiménez-Elizondo et al. 2009
2853 C—H stretching (symmetric) Cremer and Kaletung 2003; Jiménez-Elizondo et al. 2009
1740 Ester carbonyl group (stretching) Tapia-Blacido 2006
1640 C=0 stretching (amide I) Barth 2007
1540 N-H bending and C-N stretching Barth, 2007
(amide 1I)
1240 O-H bending Tapia-Blacido 2006
1147 C-O stretching C-O-H, glycosidic bond Jiugao et al. 2005
1076 C—O stretching C-O-H Jiugao et al. 2005
1039 C—0 bending Capron et al. 2007
1014 C—0 stretching C—-O-C/C—0 bending  Jiugao et al. 2005/Capron et al. 2007
996 C-0 bending, glycosidic bond Jiménez-Elizondo et al. 2009
850 C—0 stretching C-O-C Tapia-Blacido 2006
750 C—0 stretching C-O-C Tapia-Blacido 2006

shows the spectra of control sample and those of the abrasive-
milled amaranth flour. All the acquired spectra of the treated
samples presented the same main bands observed in the control
amaranth flour. It can be observed that SEF sample showed
higher relative intensity of the starch bands (996 em ! and
others) with respect to the control spectrum. Besides, LPEF
showed higher relative intensities for protein and lipid bands
and a distinct pattern of the carbohydrate region (1,200—
700 cmﬁl), revealing that the main contribution to this band
may be attributed to fiber of amaranth bran or starch of peri-
sperm, which were removed by abrasive milling, supported by
the lower starch content in this sample, as previously discussed.

Table 3 shows the main changes observed in the FT-IR
spectra of the different fractions as a consequence of differ-
ent milling treatments and aging. In order to avoid

differences in bands intensity due to ATR data acquisition,
normalization was performed by taking adequate intensity
ratios. Then, the intensity ratios between the main lipid and
protein bands with respect to starch main band (996 cm ™)
for each fraction were compared among them, as is shown in
Table 3. An increase from 0.76 to 1.07 in the 1,640/996 ratio
and from 0.46 to 0.68 in 1,540/996 ratio were observed for
lipid—protein-enriched fraction according to its higher pro-
tein proportion in relation with control. In the same way, the
increase from 0.35 to 0.48 of 2,923/996 ratio reflected the
major proportion of lipid in such enriched fraction.

Several FT-IR intensity ratios have been proposed for eval-
uating structural changes of starch-rich systems. The bands at
1,047 and 1,020 cm ! have been assigned to ordered and
amorphous structure of starch, respectively (Lopez-Rubio et

Table 3 Intensity ratios of characteristics FT-IR bands using starch main band (996 cm™") as reference

Fractions Starch bands Lipid bands Protein bands

996/1,014 1,039/1,014 2,923/996 1,640/996 1,540/996
C 1.020+0.004 a, b 0.896+0.004 b 0.35+0.05 b 0.76+0.04 b 0.46+0.03 b
C-BM 1.029+0.001 a 0.840+0.009 d 0.280+0.003 b, ¢ 0.66+0.02 ¢ 0.37+0.02 ¢, d
SEF 1.0174£0.004 b 0.87+0.02 ¢ 0.30+0.02 b 0.678+0.007 b 0.378+0.007 ¢
SEF-BM1 1.023+0.003 a, b 0.816+0.005 e 0.23+£0.03 ¢, d 0.62+0.01 ¢ 0.34+0.01 d
SEF-BM2 1.0196+0.0004 a, b 0.796+0.005 f 0.23+0.03 ¢, d 0.62+0.01 ¢ 0.34+0.01 d
SWM 1.006+0.003 ¢ 0.682+0.004 g - - -
LPEF 0.957+0.007 d 0.99+0.01 a 0.48+0.08 a 1.07+0.05 a 0.68+0.02 a
Aged LPEF 1.0224+0.002 a, b 0.830+0.003 d 0.237+0.004 d 0.70+0.02 b 0.41+0.02 b, ¢

Different letters (a—g) indicate significant differences (p<0.05) on each intensity ratio. Standard deviation values are included.

C control whole seeds, C-BM control whole milled seeds (milled means planetary ball milling), SEF starch-enriched fraction (from abrasive milling),
SEF-BM1 milled starch-enriched fraction for 47 min in the ball milling, SEF-BM2 milled starch-enriched fraction for 180 min in the ball milling, SWM
starch extracted by wet milling, LPEF lipid—protein-enriched fraction (from abrasive milling), aged LPEF aged lipid—protein-enriched fraction
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al. 2008). The ratio between the bands at 1,039/1,014 and
996/1,014 cm ™' have been more frequently used to quantify
the crystallinity degree in starches (Sevenou et al. 2002; Capron
et al. 2007; Liu et al. 2011). The spectra for starch-enriched
fractions (SEF and SEF-BMI1) and starch extracted by wet
milling showed differences in the crystalline/amorphous re-
gion, as shown in Fig. 4. The values of the 996/1,014 and
1,039/1,014 cm ! intensity ratios for these samples are reported
in Table 3. The ratio 1,039/1,014 cm ! decreased from 0.896
(O) to 0.870-0.796 (SEF-SEF-BM2), indicating that the or-
dered structure in treated starch granules was partially
destroyed, especially by ball-milling treatment and, in less
extent, by abrasive milling. The ball-milling treatment caused
a relative intensity decrease in the 1,039 cm ™' band, indicating
a rise of amorphous structure in starch granules caused by this
process. On the other hand, the 996/1,014 cm ™" ratio signifi-
cantly decreased. The ball-milling treatment may induced an
irreversible distortion of the ordered structure of the starch
granule and generation of more amorphous phase which lead
to the increase in the degree of disorder of treated starch
granules (Xie et al. 2006; Liu et al. 2011). This phenomenon
was further demonstrated by Liu et al. (2011) in maize starch
with X-ray diffraction analysis, showing the reduction and even
disappearance of the principal diffraction peaks along ball-
milling treatment. The higher reduction of 1,039/1,014 ratio
in the starch fraction obtained by wet milling can be explained
by the annealing effect associated to the soaking tem-
perature (50 °C) during wet-milling procedure (Calzetta
Resio 2007).

Figure 5 shows the intensity ratios of selected peaks from
FT-IR spectra of amaranth flour fractions obtained by abrasive
milling (SEF and LPEF), control, and starch from wet milling
as a function of their lipid, protein, and carbohydrate concen-
trations determined by means of standard analytical methods
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Fig. 4 FT-IR spectra of starch enriched amaranth fractions obtained by

planetary ball milling (SEF-BM1) and wet milling (SWM), with re-
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(Table 1). In Fig. 5, the fractions obtained from ball milling
(C-BM, SEF-BM1, and SEF-BM2) and the aged lipid—pro-
tein-enriched sample were not included, since in ball milling,
the thermomechanical treatment may change biomolecules
conformation and the FT-IR pattern, and they cannot be com-
pared to the abrasive-milled samples, as well as for the chem-
ically modified samples by aging. While, as discussed before,
in the starch-rich fractions, the 996/1,014 and 1,039/1,014
ratios are frequently related to structural aspects of starch,
such as crystallinity loss and amorphicity, and they did not
correlate with the starch content. It was found, however, that
the ratio between the intensities at 1,145 and 1,075 (not shown
in Table 3) correlated with the starch content of the samples.
Good correlations were obtained for lipid, protein, and carbo-
hydrate contents as can be observed in Fig. 5, with correlation
coefficients higher than 0.984. It can be concluded that pro-
tein, lipid, and carbohydrate contents could be accurately
obtained by FT-IR means for the following ranges of content:
5-47,2-23, and 73-99 %, respectively.
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Fig. 6 FT-IR spectra of aged lipid—protein-enriched fraction (aged
LPEF), control ball milled (C-BM), and control amaranth flour (C),
showing the effect of aging and ball milling on lipids and proteins
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Finally, the effect of planetary ball milling and of 6-
month aging was studied on lipids and protein as shown in
Fig. 6. The effect of planetary ball milling (C-BM sample)
on lipid and protein bands in comparison with the control is
also shown in Table 3. A reduction of 20 % was found for
lipid band (2,923/996); besides, the amide I and amide II
bands decreased 13.1 and 19.6 %, respectively. Besides, the
ratio of 2,850/996 corresponding to lipid region also showed
a similar decrease respect to control, as shown in Fig. 6.
Prabhasankar and Rao (2001) have reported protein degra-
dation (glutenin fraction) in wheat flour obtained by stone
and plate milling. These authors also found a diminution of
free lipid and unsaturated fatty acids contents as conse-
quence of dry milling. They related the lower binding con-
tent of free lipids to other constituents to the heat generated
during milling. Considering the high level of energy in-
volved in planetary ball milling, the observed reductions
of FT-IR bands can be attributed to thermomechanical deg-
radation of grain components.

The aging effect can be also observed in terms of lipid
intensity ratio (2,923/996) decrease in Table 3, which
reached a 50 % reduction in comparison with the
corresponding band of LPEF fraction. Besides, a lower
reduction of 34.6 and 39.7 % was found for amide I and
amide II protein bands, respectively. Lipid degradation dur-
ing flour storage (aging) is caused by several factors, in-
volving the presence of lipases (Doblado-Maldonado et al.
2012), increase of free radicals, and antioxidant degradation
(Calucci et al. 2004). A decline in both soluble and storage
protein contents is observed during accelerated aging in
seeds of wheat (Calucci et al. 2004) and other plants
(Basavarajappa et al. 1991), probably associated to protein
bond breakage occurring in endosperm proteins during seed
aging. Lipid oxidation and parallel protein modifications are
promoted by shearing action as well as friction in the ball
mill, and it continues during aging benefited by the mini-
mum particle size of flour.

Conclusions

The characteristic FT-IR peaks of the main components in
whole amaranth seeds and in milled fractions (starch, lipid,
and protein) were identified. By calculating the ratios be-
tween height intensity of selected specific peaks and that at
996 cm ™', which corresponds to the C—O-C glycosidic
starch bond and was the one with fairly constant intensity,
several characteristics of the samples could be conveniently
explained: increased protein content and lipid proportion of
the LPEF; decrease of the crystallinity degree in the ball-
milled samples due to starch amorphization during this
process; and decrease of the C—H vibration band of the
lipids in the aged samples. FT-IR analysis can be thus

considered as a useful tool to determine the relative propor-
tion of grain components within amaranth milling fractions
as well as to investigate starch modifications provoked by
abrasive and ball milling and lipid deterioration due to
oxidative reactions. As a nondestructive, solvent-free, and
sensitive technique, it results attractive to follow molecular
and structural changes caused to the main food components
during processing and storage.

The abrasive milling associated to planetary ball milling
to obtain modified milling fractions or combined with wet
milling to isolate starch fraction is presented as an interest-
ing milling strategy of amaranth grain to overcome techno-
logical issues related to the processing of amaranth grain.
This study provides further insights about the industrial use
of amaranth, which possess interesting functional properties
in starch production and for protein-enriched products, com-
pared to other widely used grains.
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