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Leopoldo González-Cruz1
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Abstract Starches isolated from four ayocote bean vari-

eties were modified by thermal treatment to determinate the

effect of the treatment on the structural changes of ayocote

bean starch. Scanning electron microscopy indicates that

the starch granules have oval and round shapes, with

heterogeneous sizes and fractures when the extraction

method is used. The presence of new bands at 2850 and

1560 cm-1 in the FT-IR spectra showed that the thermal

treatment of ayocote beans induced an interaction between

the protein or lipid and the amylose or amylopectin, while

the sharpest band at 3400 cm-1 indicated a dehydration

process in the starch granule in addition to the presence of

the band at 1260 cm-1, indicating the product of the ret-

rogradation process. The thermal treatment reduced the

crystallinity as well as short-range order. Raman spec-

troscopy revealed that acute changes occurred in the

polysaccharide bonds after thermal treatment. This study

showed that the thermal treatment affected the structural

properties of ayocote bean starches, the interactions of the

lipids and proteins with starch molecules and the ret-

rogradation process of starch.

Keywords Retrograded starch � Ayocote beans �
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Introduction

The species of Phaseolus are the most important food

pulse consumed in the countries of Central America,

South America, Central Africa and East Africa (Gathu

et al. 2012) because they contain a high concentration of

starch. They are less of a staple food in many other

countries; however, they can be cultivated to substitute

for the conventional sources of starch. In the human diet

of developing countries, beans are, after cereals, the

most important source of starch and protein and are

good sources of dietary fiber, minerals, vitamins and

polyunsaturated fatty acids (Audu and Aremu 2011). In

particular, the ayocote bean (Phaseolus coccineus), a

cultivated species of the genus Phaseolus, is exceptional

for several reasons.

The ayocote bean is generally consumed after cooking;

however, this process undergoes several reactions, causing

the gelatinization of starch. The primary reactions are

depolymerization followed by repolymerization with the

formation of new bonds between the carbon atoms of

glucose units, which are different from those present in

native starch (Łabanowska et al. 2013a). The crystalline

nature of starch is due to the amylose-amylopectin ratio,

and any food processing, such as cooking and cooling of

starchy foods, can lead to retrogradation (Flores-Morales

et al. 2012).
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México, Antonio Garcı́a Cubas Pte #600 esq., Av.

Tecnológico, A. P. 57, 38010 Celaya, Gto, Mexico

2 Centro de Investigacion en Cienciay Tecnologia de

Alimentos, Instituto de Ciencias Agropecuarias, Universidad

Autonoma del Estado de Hidalgo, Av. Universidad Km 1,

43000 Tulancingo, Mexico

3 Centro Interdisciplinario de Investigación para el Desarrollo

Integral Regional del Instituto Politécnico Nacional, Unidad
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Raman spectroscopy has been used for rapid data

collection, and it provides more selective spectral fea-

tures than other methods (Feng et al. 2013). However,

there are only a few studies describing the use of Raman

or Infrared spectroscopy to determine changes in starch

after the cooking process, and these works focused on

the changes that occurred in the polysaccharide structure

and the bond modifications in starch and in its fractions

with the cooking process (Łabanowska et al. 2013b).

Therefore, the goal of this study was to examine the

changes after thermal treatment of four ayocote bean

varieties. Two spectroscopic methods, FT-IR and Raman

spectroscopy, were applied to study the changes that

occurred in starch structure after thermal treatment, and

a microscopy method was also used to study these

changes.

Materials and methods

Vegetal material

Ayocote beans were obtained from Zacatlan, Puebla,

Mexico. Before the chemical analysis was performed,

the ayocote beans of each variety were milled into a

fine powder and sieved through a 40-mesh (425 lm)

sieve.

Physical characterization of ayocote beans

The physical properties of ayocote beans were character-

ized by measuring the dimensions and densities, the

thousand-grain weight and the hectoliter weight.

Chemical characterization of ayocote beans

The methods of the Association of Official Analytical

Chemists (AOAC 1995) were used to determine the

crude protein, moisture, ash and crude fat content. The

nitrogen content was determined using the Kjeldahl

method, and the result was multiplied by a factor 6.25 to

determine the crude protein content. All results are

expressed on a dry weight basis.

Hydrothermal processing of ayocote beans

The ayocote beans (10% w/v) were dispersed in distilled

water under agitation for 1 h at 20 �C, boiled in a water

bath at 90 �C for 25 min, stored overnight in a freezer at

-40 �C, freeze-dried in a freeze dryer (Freezone Plus 6,

Labconco, USA) at -40 �C and 0.30 mPa until reaching a

constant weight (approximately 72 h), and then ground

with a domestic coffee grinder. The dried ayocote bean

powders were sealed airtight and stored at 4 �C until fur-

ther analyses.

Starch extraction

Aqueous extraction

Starch was extracted using the wet method described by

Schoch and Maywald (1968). Ayocote beans (30 g) (with

or without thermal treatment) were suspended in six times

their volume of water at pH 6.5 for 12 h, and then, the

water was decanted, and the beans were pulverized in a

high-speed blender for 5 min. The pulp was suspended in

ten times its volume of water, stirred for 5 min and filtered

using 60-mesh and 200-mesh sieves sequentially. The fil-

trate was allowed to stand for 3 h to allow the starch to

settle, and the top liquid was decanted and discarded.

Water was added to the sediment, and the mixture was

stirred again for 5 min. The filtration procedure was

repeated, and the starch from the filtrate was allowed to

settle; this process was repeated three times. After

decanting the top liquid, the sediment (starch) was sun

dried for 24 h and then packaged in 25-g glass bottles.

Ethanolic extraction

Ayocote bean powder (20 g) (with or without thermal

treatment) was suspended in six times its volume of 96%

ethanol solution; then, it was centrifuged at 3000 rpm,

and the supernatant was discarded. The precipitated

starch was deposited in a 40-mesh sieve and washed

successively with a 96% ethanol solution. The filtration

procedure was repeated, and the starch from the filtrate

was allowed to settle; this process was repeated three

times. After decanting the top liquid, the sediment

(starch) was sun dried for 24 h and packaged in 25-g

glass bottles.

Starch characterization

Scanning electron microscopy (SEM)

Samples of native starches were examined using a JEOL

(JEOL, type EX-1200, Japan) scanning electron micro-

scope fitted with a Kevex Si(Li) X-ray detector. The

analyses were performed under vacuum at an accelerating

voltage of 15 kV. The samples were mounted on double-

sided carbon tape and covered with approximately 10 nm

of gold in a Denton sputter coater.
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Fourier transform infrared (FT-IR) spectroscopy

The FT-IR spectrum of ayocote bean starch was acquired

on a Perkin Elmer FT-IR spectrophotometer (Perkin Elmer,

Inc., MA, USA) using a potassium bromide (KBr) disc

prepared from powered samples mixed with dry KBr. The

spectra were recorded (16 scans) in the transparent mode

from 4000 to 400 cm-1.

Raman spectroscopy

The Raman measurements were obtained on a Perkin-

Elmer (Perkin Elmer, Inc., MA, USA) NIR FT-Raman

Spectrometer 2000R equipped with a Nd:YAG laser

emitting at a 1064-nm wavelength and equipped with an

InGaAs detector. The 180� backscattering refractive

geometry was used. The spectrometer was managed

through the Spectra software provided by Perkin-Elmer.

The spectral data of ayocote bean starches were obtained at

a resolution of 4 cm-1 and at a nominal laser power of

500 mW. For each spectrum, 20 scans were accumulated to

ensure an acceptable signal-to-noise ratio. All Raman

spectra were collected at room temperature.

Statistical analysis

The quantitative data are expressed as the mean ± stan-

dard deviation, and the analysis of variance (ANOVA) was

performed, followed by Tukey’s test. SAS software was

used for the data analysis, and all experimental determi-

nations were performed in triplicate.

Results and discussion

Physical characterization

Light brown ayocote beans had the lowest hectoliter

weight, while black ayocote beans showed the highest

however, no statistical differences were observed between

purple, black and dark brown varieties. There were sig-

nificant differences in ayocote bean dimensions. Purple

beans and light brown beans (19.30 mm) had the longest

length, while the shortest for black bean (17.10 mm) was

observed. The variety with the widest bean width was the

light brown bean (12.80 mm), while the black bean had the

smallest width (11.80 mm). The variety with the highest

seed thickness was the light brown bean (8.50 mm), while

the lowest seed thickness belonged to the black bean

(7.50 mm).

The variability in bean size may have affected the

cooking time and uniformity of seed cooking, and many

authors have indicated that the canning quality and

hydration coefficients statistically different in both large

and small seeded genotypes of beans (Gathu et al. 2012;

Warsame and Kimani 2014). The differences in hydration

capacity were attributed to inherent differences in per-

meability to water, which was associated to bean size

(Basra 2006). Lowest hectoliter weight of the ayocote

bean (64.88) corresponded to the light brown variety; in

addition to density was associated with the fat content, the

carbohydrate content and quality indices (Méndez et al.

2012). In general, it was observed that the purple and

light brown ayocote bean varieties had the best physical

characteristics.

Chemical composition

Significant differences (p\ 0.05) in chemical composi-

tions proximate of ayocote bean samples were observed

(Table 1). The protein content of ayocote bean varieties,

which ranged from 21.73 to 23.80%, the highest for black

variety, and lowest for the light brown variety was

observed. The difference in protein content is associated

with the fertilizer application and the growing locations,

which influenced the yield and protein concentration of

some seeds (Malik et al. 2012). The crude fiber and ash

content ranged from 4.21 to 6.22% and from 3.50 to 4.11%,

respectively.

The values for the lipid content in ayocote beans varied

significantly (p\ 0.05) and were higher for purple variety.

The lipid content in all ayocote seeds was similar to that

observed for common beans (Audu and Aremu 2011) on a

dry basis.

Table 1 Chemical composition

(%) of ayocote bean varieties

(mean ± standard deviation of

triplicate analyses)

Component Purple Black Dark brown Light brown

Moisture 9.62 ± 011c 9.37 ± 0.20d 10.34 ± 0.06a 10.32 ± 0.10b

Crude fat 3.78 ± 0.11a 3.50 ± 0.02b 3.42 ± 0.12c 3.25 ± 0.18d

Crude protein 21.93 ± 0.68c 23.80 ± 0.87a 22.97 ± 0.34b 21.73 ± 0.37d

Crude fiber 6.22 ± 0.10a 4.79 ± 0.08c 4.21 ± 0.07d 5.18 ± 0.12b

Ash 3.77 ± 0.13c 3.50 ± 0.87d 4.11 ± 0.13a 4.08 ± 0.01b

Total carbohydrate 64.30d 64.41c 65.29b 65.76a

Means followed by same superscript within a row do not differ significantly (P\ 0.05)
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Effect of different extraction methods on the yield

and morphology of ayocote bean starch

The starch yield in ayocote beans was significantly dif-

ferent (p\ 0.05) for each extraction method for the four

varieties; the starch yield was higher for aqueous method

than ethanolic method. Aqueous extraction yields of starch

ranged from 32.30 to 34.10%. The aqueous extraction gave

starch yield are similar to those reported by Tovar et al.

(1990), who obtained values between 30.4 and 35.2%. The

ethanolic extraction yields of starch ranged from 25.53 to

26.13%.

SEM images and the granule sizes of ayocote bean

starch extracted by the two isolation methods are shown in

Fig. 1. The granules were round and oval, exhibiting some

fractures. These fractures were more evident in the starch

obtained from the ethanolic method (Fig. 1b) for the four

varieties, suggesting that the effect of the ethanolic method

is more extensive. Considering the varieties, there were no

significant differences detected among starch particle sizes.

The mean granule size ranged from 23 to 25 lm for

aqueous isolation and from 25 to 65 lm for the starches

isolated with ethanol.

The maximum variability was observed for the purple

variety of the ayocote bean starches, with an average

granule size of 25 and 65 lm for starch reported by the

aqueous and ethanolic method, respectively. Starch

extracted from black, dark brown and light brown varieties

showed minor variations in size. For the four varieties, the

isolation method appeared to affect the granule size

because the starch isolated by the aqueous method did not

show the presence of granules larger than 25 lm, which

can be considered as medium/small granules (Correia et al.

2012). It was also observed that some of the starch granules

of the purple variety isolated with ethanol were larger than

60 lm; thus, the ethanolic extraction method induced a

larger size range of starch granules than the aqueous

method, or rather, that during the extraction with water, the

components associated with the starch granule are lost/

destroyed and removed over the aqueous phase by non-

starch polysaccharides.

Infrared spectroscopy analysis of structural changes

due to the extraction process

The FT-IR spectra of the ayocote bean starch samples

without hydrothermal treatment extracted with water or

ethanol are shown in Fig. 2. It can be observed that the

spectra of starches extracted with water show an acute band

around 3400 cm-1 (Fig. 2 a), while that in the spectra of

starches extracted with ethanol was smother, implying the

formation of more hydrogen bonds in the samples (Fig. 2 b)

due to the stretching vibration of the O–H bond. The starch

obtained with ethanol or water from the dark brown variety

showed the presence of a light band near 2860 cm-1,

indicating that the spatial structure of the protein was

attached to the starch, overlapping the stretching vibration

of the C–H bond from the glucose units and the -CH2

symmetric stretching vibration of proteins, considering that

the bands around 2930 cm-1 may be attributed to not only

starch but also protein (Lian et al. 2014). It is important to

mention that the ayocote beans have a high protein content;

therefore, a light band around 1560 cm-1 was observed in

the starch extracted with water from the purple and light

brown varieties (Fig. 2a; 1 and (2)), which was associated to

the groups from proteins attached to both the surface and the

interior of the starch granules (Flores-Morales et al. 2012).

Authors have indicated that starch presents a significant

peak around 1660 cm-1, which corresponded to the scissor

vibrations of –OH from hydration water on the amorphous

regions of starch (Pascoal et al. 2013). In the samples

extracted with ethanol (Fig. 2b), the peak’s intensity showed

distinct variations compared to that from starch extracted

with water; the enhancement of this band in the starch

extracted with ethanol implies changes in the crystallinity,

indicating a loss of amorphous structure due to amylose

hydrolysis (Dutta et al. 2011). The results showed that the

interaction of starch with ethanol involved the hydrolysis of

glycosidic bonds, and authors have indicated that the degree

of hydrolysis was inversely proportional to the concentration

of the starch suspended in ethanol (Robyt et al. 1996).

The spectra of starches extracted with water (Fig. 2a)

showed the characteristic peak of the polysaccharides

Fig. 1 SEM micrograph of

ayocote bean starches. a Starch

granules extracted with water

b starch granules extracted with

ethanol
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corresponding to the O–H in-plane bending around

1440 cm-1; however, in the starches extracted with etha-

nol, this peak was displaced to approximately 1460 cm-1,

apparently due to the interaction of the fatty acids and

starch in a complex system (Lopez-Rubio et al. 2009;

Nobrega et al. 2012). According to other authors, the

presence of two bands around 1460 and 1380 cm-1 was

characteristic of the angular deformation of the C–H bonds

in starch (Fan et al. 2012; Guo et al. 2014; Parvinzadeh

Gashti et al. 2013; Pascoal et al. 2013).

The starches extracted with water or ethanol showed

three characteristic peaks between 1000 and 1256 cm-1,

which were attributed to the stretching vibration of C–O–C

and C–O–H from glycosidic bonds. The first peak near

1000 cm-1 was ascribed to the C–O stretching of C–O–C

in starch, the second peak around 1165 cm-1 was attrib-

uted to C–C and C–O–H bond stretching, while the third

peak near 1245 cm-1 was associated with the ordered

structures of starch (Guo et al. 2014). The primary differ-

ence in these three peaks between starches extracted with

water or ethanol was that the peak around 1165 cm-1

increased in intensity for the starches extracted with etha-

nol, indicating that the crystallinity of the polymer was

modified. These results were consistent with the modifi-

cation in the intensity of the peak at 1660 cm-1 observed

in the samples extracted with ethanol.

The type of solvent used in the extraction process

resulted in a slight change in the ratio of the band inten-

sities of 1047/1022 cm-1 (1.06–0.98) for starch extracted

with water and ethanol, respectively, which according to

other authors, indicated a decrease in the crystallinity

(Kaur et al. 2013). However, the ratio of 1047/1035 cm-1

was not changed as a result of the solvent (water or etha-

nol). The changes in the crystalline and amorphous region

in starch due to the solvent were independent. A similar

behavior was reported when different water contents were

used in the thermal treatment of potato starch, affecting

only the ratio of 1047/1022 cm-1, while no changes were

detected in the ratio of 1047/1035 cm-1 over the range of

10–40% water (van Soest et al. 1995).

Ultimately, the bands around 864 and 770 cm-1, which

were related to the stretching vibration of C–O–C and C–
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O–H from glycosidic bonds, confirmed the a–configuration

of the glycosidic linkage typical for starch (Capek et al.

2010), and these bands were best observed in the starch

extracted with ethanol. The skeletal modes of the pyranose

ring showed a weak absorption at 575 cm-1 (Fan et al.

2012; Zhang et al. 2009).

Infrared spectroscopy analysis of structural changes

due to thermal treatment

The FT-IR spectra for the starch of ayocote beans after

thermal treatment are shown in Fig. 3. A broad, strong

peak between 3200 and 3600 cm-1 and a sharper peak at

approximately 3400 cm-1 in ayocote bean starches after

the thermal treatment was observed. This was possibly due

to the presence of fewer hydrogen bonds compared with

those in native starch, which was derived from a smaller

number of molecules of hydration water, with the effect

being more evident in starches extracted with ethanol

(Fig. 3b) than in starches extracted with water (Fig. 3a).

In addition, the appearance of new bands at around 2850

and 1560 cm-1 in thermally treated starch, which was

assigned to protein in some cases (Lian et al. 2014), suggested

that the ayocote bean protein or lipid may have combined

with amylose during thermal treatment. However, Xijun et al.

(2014) mentioned that the absence of a C–H stretching

vibration near 2850 cm-1 in the IR spectra of starches

hydrolyzed by lipase or protease and was attributed to an

interaction of amylose and amylopectin without lipid or

protein. However, other authors have indicated that the band

observed at 2930 cm-1 may be affected by thermal treatment

due to starch retrogradation, and for this reason, two

absorption bands appeared afterwards (2930 and

2850 cm-1), which were assigned to CH2 vibrations. In

addition, the enhancement of the peak around 1260 cm-1 in

the starch obtained from thermally treated beans was also a

product of the retrogradation process; similar changes were

observed in stored tortilla starch (Flores-Morales et al. 2012).

Another change observed in the thermally treated starch

was the enhancement of the peaks ranging from 2100 to
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2370 cm-1 that may be a combination of bands originating

from amides due to the high level of protein and unsatu-

rated fatty acids in the ayocote beans. It was mentioned that

the C–H stretching vibrations resulted primarily from the

CH2 groups in fats but with a considerable contribution

from the C–H bonds in carbohydrates and proteins (Holse

et al. 2011). Thus, the interactions among proteins—fatty

acids—carbohydrates may have been responsible for this

modification.

The ratio between the band intensities of

1047/1022 cm-1 for starches without thermal treatment

ranged between 0.98 and 1.06 (for starch extracted with

ethanol or water), while the ratio obtained for starches with

thermal treatment decreased to values between 0.89 and

0.91 (for starch extracted with water or ethanol). However,

the thermal treatment also influenced the ratio between the

band intensities of 1047/1035 cm-1. The ratio for starches

without thermal treatment was similar for both cases, those

extracted with water or ethanol (0.97), while for starches

with thermal treatment, a decrease in the ratio to 0.93 and

0.95 (for starch extracted with water or ethanol, respec-

tively) was observed.

Compared with the extraction process, the thermal

treatment caused a decrease in the intensity of both band

ratios at 1047/1035 cm-1 and 1047/1022 cm-1 and was

more evident in the starch extracted with water, which

according to other authors, indicated a decrease in crys-

tallinity as well as short-range order (Kaur et al. 2013; van

Soest et al. 1995).

Raman spectroscopy analysis of structural changes

due to the extraction process

The Raman spectra of the starch samples taken without

thermal treatment are presented in Fig. 4. All spectra of

starches obtained from unheated ayocote beans are highly

similar; consequently, all of the principal characteristic

bands for starch are observed, and it is visible that the

positions of the observed bands were almost the same but

with different intensities.

The patterns in the Raman spectra of starches extracted

by the aqueous and ethanolic method were highly similar

(Fig. 4a, b) among all ayocote bean varieties, but some

differences in the relative intensity were observed in the

patterns of Raman spectra of starches extracted with

ethanol (Fig. 4b) compared with those extracted with water

(Fig. 4a). However, all of the principal characteristic bands

for starch were observed, which were associated with

amylose and amylopectin; however, unresolved bands were

observed in the region near 1700 cm-1, corresponding to

glucose, the building block of starch chains.

Some differences in the spectra of starch extracted with

ethanol or water were observed in the band around

2930 cm-1. Starch extracted with water showed the most

well-defined peak however, starch extracted with ethanol

showed a bifurcation in at least three varieties and some

authors have reported this bifurcation to CH and CH2

stretching vibrations (Galat 1980).

In the starch extracted with ethanol (Fig. 4b), a band

around 1620 cm-1 was observed that originate from

C = C stretching in aromatic amino acids (Holse et al.

2011). This may be appropriate considering the high pro-

portion of protein in the ayocote bean seeds; however,

other authors have indicated that this band with varying

intensity could be correlated with the amount of amylose

present in the starch (Flores-Morales et al. 2012).

The characteristic bands for polysaccharides around

1460 cm-1 attributed to d(CH2) twisting and CH bending

and the band near 1370 cm-1 assigned to d(CH2) and C–OH

bending (Łabanowska et al. 2013b) were the most well-de-

fined in the starch extracted with water. A light band at

1260 cm-1 attributed to CH2OH-related deformation, which

is characteristic of the amylose V-form (Kizil et al. 2002),

was imperceptible in the starch extracted with ethanol.

The band around 942 cm-1 and accompanied by a

second peak around 930 cm-1, assigned to the ma and ms of

the (C–O–C) a-1,4-glycosidic linkage (Nobrega et al.

2012), was more well defined in the Raman spectra of the

starch extracted with water than that extracted with etha-

nol. In addition, starch extracted with ethanol, a change in

intensity and in position was observed. Authors have

indicated that a change in the location of the bands

assigned to glycosidic linkages can be attributed to the

presence of an a-1,6-glycosidic linkage of the amylopectin

that shifts the bands to higher wavenumbers around

945 cm-1 (Kizil et al. 2002). The same behavior was

observed in other bands characteristic of starches: the band

around 870 cm-1 assigned to ms (C–O–C) (Bel Haaj et al.

2013) showed a shift to 860 cm-1 in the starch extracted

with ethanol. This change may be related to a decrease in

crystallinity caused by the dissolvent. The band around

477 cm-1 is attributed to the skeletal mode of the pyranose

ring and was assigned to the (C–O–C) ring mode and the

d(C–C–O) mode, which was present in a lower intensity in

the Raman spectra of starches extracted with ethanol. This

vibration mode is not stable in the presence of ethanol,

influencing the relative intensity and energy of the chem-

ical bonds and groups (Fan et al. 2012).

Raman spectroscopy analysis of structural changes

due to thermal treatment

The degradation of ayocote bean starch induced by the

thermal treatment was monitored by Raman spectroscopy

(Fig. 5). After thermal treatment of starch at 95 �C, the

spectra showed a significant increase (approximately
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threefold) of the background, principally in the range from

1600 to 500 cm-1, indicating that the degradation process

diminished the number of carbohydrates. Specifically, the

C–C and C–O stretching region (1300–800 cm-1) was

sensitive to the degradation process, showing a reduction in

the intensity of almost all bands. This result unequivocally

indicated structural modifications, leading to the degrada-

tion of starch polymers, and this effect was more evident in

starch extracted with ethanol after the thermal treatment

(Fig. 5b).

In particular, the thermal treatment affected the band at

1460 cm-1, which was assigned to the CH2 twisting mode,

and the band at 1260 cm-1, was ascribed to a complex

mode involving the CH2OH side chain. This effect was

more evident in the starch that was extracted with ethanol

and thermally treated; however, the largest effect was

observed in the band around 1260 cm-1. Similar results

were reported by Łabanowska et al. (2013b), who men-

tioned a significant decrease in the band intensities might

be due to the changes in the hydrogen bond network
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involving CH2OH groups. Other authors indicated that

retrograded starch displayed significant changes in the

bands assigned to the general starch structures due to the

very low sensitivity of the OH groups to Raman excitation

(Flores-Morales et al. 2012).

The band at 940 cm-1 assigned to the ma and ms of the

(C–O–C) a-1,4-glycosidic linkage lowered its intensity to a

higher degree due the easier glycosidic bond cleavage in

starch derived from the thermal treatment. This was

principally observed in the starch thermally treated and

extracted with water (Fig. 5a). The band at around

940 cm-1 was imperceptible in the Raman spectra of the

starch thermally treated and extracted with ethanol, con-

firming that the solvent is the determining factor in the

starch modifications.

New bands appear in the Raman spectra of the thermally

treated starch at 1676 and 1600 cm-1. These bands were

likely due to the nominal C = O stretching and O–H
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stretching vibrational modes, and according to Flores-

Morales et al. (2012), may be due to the presence of lipid

chains associated with resistant starch. This confirms the

data obtained from the FT-IR spectra of the thermally

treated starch.

Conclusion

Starch of the four varieties of ayocote beans showed

homogeneity in morphology and structure; however, the

extraction method with ethanol damages the starch gran-

ules, as observed by the presence of clusters without a

defined granular structure and deformation of the starch

granule surface. In addition, changes in the FT-IR and

Raman spectra patterns were observed due to the extraction

solvent. The starch of ayocote beans showed structural

changes associated with retrogradation due to the thermal

treatment. These changes can be observed using IR and

Raman spectroscopy.
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