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Abstract

In this work, the chayote tuber starch (CHS) was isolated and its chemical composition and its physical and microscopic characteris-
tics were determined, and compared with potato (PS) and maize (MS) starches. The starch content in chayote tubers (728 gkg™' dry
weight) was similar to potato tubers (700 gkg~! dry weight), with a high level of purity (>98%), while its phosphorous content was higher
(0.15%) than PS (0.08%) and MS (0.01%). Starch granules were oval, irregular, truncated and rounded with sizes between 7 and 50 um
with smooth surfaces. CHS dispersions (1% and 4%, w/w) showed higher viscosity (75 and 1715 mPas), than PS (350% and 50% lower)
and MS (715% and 600% lower). The gelatinization temperature (65 to 74 °C) was similar in CHS and PS. The pasting properties (RVA)
of the starches suggest that CHS showed better characteristics than the commercial potato and maize starches. Therefore, CHS could be
used as a thickening agent and a substitute to PS in food dispersions where a high viscosity is needed.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Chayote (Sechium edule) Jacq. Swartz, is a native cucur-
bit plant of México and Central America (Lira, 1996),
which has been cultivated in small-scale in some countries
like England, France and Spain. This plant produces fruits
of different sizes and forms, green stalks, tender leaves and
tubers, all of them edible. Chayote has been significant in
the autochthonous diet since pre-Columbian times and it is
an important export crop of some Latin American coun-
tries (Lira, 1996). Its cultivation in México has been focused
to fruit production, which produces about 100,620.25 tons/
year (SAGARPA, 2004). However, there is no published or
official data on tuber production and the integral use of this
resource. In this study, the average production of chayote
tuber in México was calculated as 1084.5 tons/year, consid-
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ering the number of hectares cultivated (2065.5Ha), the
number of plants per hectare (125 plants) and number of
tubers produced per plant (2 tubers), as well as the average
weight of the tuber (2.1 kg). These data shows that chayote
tubers can be a potential source of raw material.

The importance of the chayote tuber lies on its high
starch content (136 gkg ™! tuber fresh weight), which is sim-
ilar to that reported for the potato tuber (140 gkg™' tuber
fresh weight) (Aung, Ball, & Kushad, 1990; Aung, Fouse, &
Kushad, 1991; Lira, 1996). Very little information is avail-
able on the fine structure and physical and chemical prop-
erties of chayote tuber, similar to other under-utilized
tropical tubers. Consequently, it is necessary that these
starches should be studied in order to obtain and report
their structural parameters, information which is required
to gain competitiveness in an international-scale industry
(Jakakody, Hoover, Liu, & Weber, 2005; Lira, 1996).

Some tropical tubers such as sagi (Canna edulis), zulu
(Maranta sp.), guapo (Myrosma cannifolia) and chayote
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(S. edule), that contain starch as a main component, have
been used for fresh consumption; however, pure starches
are difficult to extract from these tubers and their proper-
ties are unknown (Pérez, Lares, & Gonzalez, 1997; Rincon,
Padilla, Araujo, & Tillett, 1999). Therefore, it is valuable to
determine the physicochemical characteristics of these
starches and to explore its potential applications in the
food industry.

The principal sources of refined starch are maize (79%),
potato (9%) and tapioca (7%). These starches are used
extensively in the manufacture of food and other applica-
tions due to their structural and physicochemical character-
istics (Han & Saskatoon, 1998; Jakakody et al., 2005). The
usage of potato starch is preferred over other starches, as in
many foods, in adhesive and oil-field applications as well as
in papermaking, because it can give a high consistency on
pasting, and have advantage in film-forming and binding
characteristics. The hydration behavior of potato starch
differs from cereal starches, and suggests its application in
many formulated foods that require a high stability and a
long shelf life (Ganga & Corke, 1999).

Starch extraction from different sources can provide new
raw material, with special properties for specific uses in the
chemical and food industry (Moorthy, 2002). Therefore, the
aim of this work was to isolate and study the chemical com-
position and the physical and microscopic characteristics of
chayote tuber starch, and to compare its parameters versus
potato and maize starches.

2. Materials and methods
2.1. Materials

Fresh tubers of chayote (S. edule) (Fig. 1) — medium size
without any mechanical injuries — were purchased in a local
market (La Merced, Mexico City). For the determination
of edible yield the tubers were washed and peeled off with a
commercial potato peeler, and then weighed (OHAUS bal-
ance, USA). The peeled off portion was called the “edible
portion” and its yield (%) was calculated as a ratio between
the edible portion weight and whole tuber weight. Fresh

Fig. 1. Chayote (Sechium edule) tubers cultivated in México.

potato (Solanum tuberosum) tubers var. Alpha were used for
comparing the physical characteristics and the chemical
composition with chayote tubers. Maize (MS) and potato
(PS) starches also were purchased from Sigma (México),
and glycerol (99% purity) from Baker (México).

2.2. Physical characteristics and edible yield from tubers

The physical characteristics determined were morphol-
ogy, size and weight. Morphology was evaluated describing
the external appearance and apparent color; the color was
registered using the Kiippers (1996). Size (length) was mea-
sured with a vernier caliper (Mitutoyo, Japan).

2.3. Starch isolation

The starch was isolated from chayote tubers according
to a modification of the technique described by Ganga and
Corke (1999). Chayote tubers were peeled off and cut in 1 to
2cm cubes, mixed with 2 volumes of distilled water, and
homogenized in a blender model 853-10 (Osterizer, México)
for 1 min at maximum speed. The obtained dispersion was
transferred to a beaker where it remained motionless for
20 min. Subsequently, the dispersion was decanted (fraction
A), and the supernatant (fraction B) containing the pulp
was homogenized again in a blender with distilled water
(2:1; pulp:water) and it was left to rest for 40 min (called
“residue”). The starch-containing sediment (fraction A)
was homogenized in a blender for 1 min at maximum speed
and left to rest for 30 min. Then this fraction was filtered
using a 250-pm-mesh sieve (Montinox, México). The solid
remnants in the sieve (pulp) were eliminated, while the
filtrate (starch) was washed until the washing water was
translucent, which indicated that the starch had been
extracted. On the other hand, the fraction A was decanted
and the sediment residues (starch) were sieved and also
were washed with distilled water until the washing water
was translucent. Subsequently, starch-containing fractions
were mixed and the product was dried in an incubator
model 132000 (Boekel, USA) at 40°C during 24 h, and
finally ground in an analytical mill (IKA, Germany) and
sieved at 250 um. The chayote tuber starch (CHS) samples
were stored in hermetic plastic containers at room tempera-
ture (21-24 °C) for further chemical and physical analysis.

2.4. Chemical composition

Moisture, proteins, crude fiber, ashes, phosphorus and car-
bohydrates (total and soluble) were determined using the
methods described in the AOAC (1995). Starch content was
determined by the enzymatic method described by Rose et al.
(1991), which consists in solubilizing the starch in an alkaline
medium (pH 9) and subsequently neutralizing (near to pH
5.1), and digesting it with a mixture of a-amylase (EC. 3.2.1.1)
and amyloglucosidase enzymes (EC. 3.2.1.3) (200:1 wiw,
respectively). The determinations were performed in fresh
tubers and all starches (<8% moisture) studied.
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2.4.1. Amylose content

The amylose content in the studied starches was deter-
mined using the colorimetric method reported by
McGrance, Cornell, and Rix (1998), which consisted in sol-
ubilizing starch in dimethylsulfoxide and gelatinized it at
85°C, after that was stain with iodide solution and left to
rest for 10 min. The sample was read at 600 nm wavelength.
The starch content (100%) could be considered as the sum
of amylose and amylopectin. The amylose/amylopectin
ratio was also calculated.

2.5. Morphology of starch granules

The morphology of granules in CHS, PS and MS was
studied with a scanning electron microscope model SEM
JSM-35C (Jeol, Japan). The starch granules were placed
separately on double-sided adhesive tapes, which were
attached to a support and then introduced into the etching
unit model Desk-II (Denton Vacuum, USA.), in order to
cover them with a 250 A gold layer. Finally, the granules
were observed in the microscope with 15kV voltages.

2.6. Pasting properties

Pasting properties of starches were measured on a Rapid
Visco Analyzer (RVA-4), using the RVA General Pasting
Method (Newport Scientific Pty. Ltd., Warriewood,
Australia). Starch samples were processed according to
the Ragaee, El-Sayed, and Abdel-Aal (2006) method. The
parameters determinate were: pasting temperature (pT, the
temperature where viscosity first increases by at less
25mPas over 20s period), peak time (PT, the time at which
peak viscosity occurred), peak viscosity (PV, the maximum
hot paste viscosity), holding strength or trough viscosity
(TV, the trough at the minimum hot paste viscosity), final
viscosity (FV, the viscosity at the end of the test after cool-
ing to 50°C and holding at this temperature), breakdown
(BV, peak viscosity-holding strength or trough viscosity)
and setback (SV, final viscosity-holding strength). All these
parameters were calculated from the pasting curves, using
the software Thermocline version 2.2 Newport Scientific
Pty. Ltd. (Warriewood, Australia).

2.7. Flow behavior

The flow behavior of CHS, PS and MS dispersions at
1% and 4% (w/w) concentrations was determined with a
concentric cylinder viscometer model RV2 (Haake, Ger-
many), which includes an interface (rheocontroller), a
temperature bath (Haake C) and a measuring head (MK-
500). Starch dispersions were prepared at 90 °C with dis-
tilled water on a hot plate stirrer model 524C (Barnstead
Int., USA), with a vigorous stirring for 15 min and subse-
quently left to cool and rest for 24 h at room temperature
before the rheological determinations were performed.
The analysis was done at 25°C with a shear rate of
2000s~' using the MV1 geometry. The Ostwald de

Waele’s model was used for obtaining the rheological
parameters (1,, apparent viscosity; n, flow behavior
index; K, consistency coefficient; and R?%, correlation
coefficient) with the Standard Rotational-C PG-140 soft-
ware (Haake, Germany).

2.8. Thermal properties

Thermal property determinations were performed with a
differential scanning calorimeter model DSC 2010 (TA
Instruments, USA). The equipment was calibrated with
indium (In), and 3 mg of the dry sample (8% moisture) with
9 uL of deionized water placed in an aluminum pan. Each
pan was sealed and left to rest for 1 h at room temperature
(21-24°C) and later placed in the analysis device in order to
be scanned between 0 and 200 °C, with a heating ramp of
20°C/min. An empty aluminum pan was used as reference
during the determinations. The thermal parameters
obtained from thermograms were: onset temperature (7,),
peak temperature (7}), conclusion temperature (7;) and
gelatinization enthalpy (AH,). The parameters were deter-
mined using the Thermal Analyst Controller Differences
9900 software, and the gelatinization temperature range (R)
was calculated as T, — T.

2.9. Statistical analysis

The data were analyzed with ANOVA and a posteriori
tests (Duncan and Tukey) in order to determine statistically
significant differences (p <0.05) among the samples, using
the SPSS ver. 12.0 statistical software. Results were the
average of three determinations.

3. Results and discussion
3.1. Physical characteristics and edible yield of chayote tuber

The natural external appearance of chayote (S. edule)
tubers showed a rough surface with transversal lines
(Fig. 1) and a more elongated (280-430mm) form than
potato (70-300mm) tubers, similar to the previously
reported by Lira (1996). Physical characteristics and edible
yield of chayote tubers were compared with those of
potato. The color of chayote and potato tubers, according
to the Kiippers (1996), was in the orange color field
described with the keys Ny, A,y My, and Ny, Agy Ms,
respectively.

Chayote tubers weighed between 480 and 930 g, which
suggest that they are medium sized, considering that
these tubers could sometimes weigh more than 2100 g.
The weight for potato tubers var. Alpha was 50-250g.
Edible yield in chayote tubers (86%) was similar (87.97%)
to one reported (Pérez et al., 1997) on wild zulu (Maranta
sp.) tubers from South American, which indicates that
both tubers have a thin peel and suggests a clear possibil-
ity of commercial application in the same way that
potato tubers.
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3.2. Chemical composition

The chemical composition of chayote and potato tubers
is summarized in Table 1. No statistically significant differ-
ence between the compositions of the tubers was found.
Similar values were reported (Aung et al., 1991; Lira, 1996;
Wolfgang, Detmold, & Hans-Peter, 1999) previously for
each tuber. The similar starch content in chayote and
potato tubers (72.80% and 70.01%, respectively) indicates
that chayote tuber could be considered as a novel starch
source high in starch, rivaling potato.

The chemical composition (Table 2) of the analyzed
starches (CHS, PS and MS) presented statistically signifi-
cant differences (p <0.05), except in carbohydrates content.
The moisture content of all analyzed samples was <10%,
which is acceptable (Wolfgang et al., 1999), because com-
mercially up to 20% of moisture is allowed in starch as raw
material. Regarding the lipid and protein content, MS pre-
sented highest values (0.68 and 0.50% respectively); accord-
ing to previous studies (Badui, 2001; Beynum & Roels,
1985; Hoseney, 1991; Lovedeep, Narpinder, & Navdeep,
2002) the high content of these components in the starch is
related with cereal the source. In agreements to tubers, the
lipid and proteins contents for CHS (0.16% and 0.29%) and
PS (0.18% and 0.20%) were lower than MS.

No statistical differences (p <0.05) were found in the car-
bohydrate total content between the three studied starches
(CHS, PS and MS). Additionally, the test results of soluble

Table 1

Chemical composition of chayote and potato tubers

Components (g/100 g d.w) Chayote Potato
Moisture 81.30+£0.19 80.06 £+ 1.36
Carbohydrates 85.50+0.01 85.1+0.85
Starch 72.80 £ 0.6 70.01 +2.64
Fiber crude 0.17+£0.08 0.21£0.03
Proteins 10.354+0.02 10.07 +0.08
Lipids 0.33 £0.06 0.39 +£0.02
Ash 3.65+0.17 4.044+0.25

Average values of three measurements. (For n =3 £ s.d.).

Table 2
Chemical composition of chayote tuber starch (CHS), potato starch (PS),
and maize starch (MS)

Characteristics (%) CHS PS MS

Moisture 70240.15°  8.5240.10° 490 +0.32?
Protein®X62%) 029+0.00°  0.20+0.00°  0.50+0.00°
Carbohydrates 98.56+£2.95* 9897+ 1.15* 9842+ 1.83*
Lipid 0.16+0.00*  0.18+0.00*  0.68 +0.02°
Ash 046+0.04° 0344000  0.38+0.00°
Phosphorus 0.154+0.00° 0084003  0.01+0.00?
Amylose 1290 +0.64* 2590043 29.30+0.17°
Amylopectin 87.10£0.23°  74.10 £ 0.36° 70.70 4 0.64%
Amylose/amylopectin ratio  0.13 £0.01 0.34 +£0.05 0.41+0.03
Ph 8.124037°  7.66+022°  4.96+0.51°
Granule size (um) 7-50 10-85 7-28

Average values of three measurements. (For n =3 +s.d.). The letters indi-
cate statistically significant differences (Tukey p <0.05) for each determi-
nation.

sugars (low molecular weight) showed an absence of these
compounds in all the starches; therefore, likely samples
consist only of oligosaccharides and polysaccharides (sug-
ars of high molecular weight). Moreover, the absence of sol-
uble sugars suggests that the tuber was at optimal
harvesting stage (Moorthy, 2002; Wolfgang et al.,, 1999),
because the concentration of these sugars before or after
the harvesting stage is higher. In addition, the isolated
starch (CHS) presented high purity degree (>98%) like MS
and PS, which are reactive grade.

Considering that chayote is a starch-rich tuber such as
potato, it could be a possible source of this polymer. In the
same way, during the homogenization step, chayote tubers
showed a similar behavior that those reported in potato
(Wolfgang et al., 1999), because of their similar appearance.
This may have advantages in the industrial starch extrac-
tion process, because the mechanical forces that can be
applied in the starch extraction process will be lower in
relation to those required for cereals such as maize and
wheat (Wolfgang et al., 1999).

The contents of ash (0.46%) and phosphorus (0.15%)
were higher for CHS than PS (0.34% and 0.08%, respec-
tively) and MS (0.38% and 0.01%). Generally, starch ashes
are mainly composed of phosphorus, sodium, potassium,
magnesium and calcium (Beynum & Roels, 1985). In the
starch, the phosphorus content is as the phosphate groups,
which are bounded to the amylopectin molecules and con-
fer a polyelectrolyte nature to the chains. Beynum and
Roels (1985) suggested that this ionic nature allows starch
dispersions to develop high viscosity. In the same way,
Wolfgang et al. (1999), have proposed that the thickening
capacity of starch is associated with the high content of
phosphate ester groups and they have reported an average
phosphorus content of 0.079% of starch in potato, which is
lower than (0.15%) CHS. Therefore, it could be that the
high phosphate content of chayote starch is also the
responsible parameter of high viscosity developed by these
starch dispersions.

The amylose/amylopectin ratio was <0.5 in all studied
starches (Table 2), which indicates a predominance of amy-
lopectin (CHS, 0.13; PS, 0.34; and MS, 0.41); CHS showed
the highest content of amylopectin. The literature suggests
(Beynum & Roels, 1985) that starches with an amylopectin
high content could form gels with a low trend to retrogra-
dation. CHS presented an alkaline pH value (8.12), while in
PS this value was close to neutrality (7.66) and in MS it was
acid (4.96), which indicated that there is a higher degree of
ionization in CHS dispersions. The degree of ionization has
a significant effect in the hydration behavior of starches in
order to permit the interaction between water molecules
and amylopectin and amylose chains, this effect is increased
in higher pH values (Pérez et al., 1997).

Considering the quality standards of Thai cassava
starch (Sriroth, Piyachomkwan, Wanlapatit, & Oates,
2000), which is classified in several grades, according to
customer’s need, CHS could be placed in grade 1. This
means that the starch qualifies as low in moisture content



J. Jiménez-Hernandez et al. | Carbohydrate Polymers 68 (2007) 679-686 683

Fig. 2. Scanning electron micrographs 430x of granules from, (a) chayote
tuber starch (CHS), (b) potato starch (PS) and (c) maize starch (MS).

(<13%), high in purity (>97.5) and low in protein con-
tent (< 0.3%); however, the ash content for CHS is higher
(>0.05) than commercially acceptable in the highest
grade starch. This category is the best in the Thai quality
standards.

3.3. Morphology of starch granules

According to various authors (Badui, 2001; Beynum &
Roels, 1985; Hoseney, 1991; Lovedeep et al., 2002), the
morphology and size of starch granules are related to their
source; thus, granule morphology is used as taxonomic cri-
terion to identify the vegetable source of this polysaccha-
ride. Fig. 2 shows the morphology of the CHS, PS and MS
granules. Granule size (Table 2) was within the range of 7—
50pum for CHS, 10-85um for PS and 7-28 pm for MS.
Granules from all studied starches showed oval, rounded or
truncated forms, and some granules were broken; in this
study the granule surfaces were observed smooth and with-
out pores. The presence of broken and truncated granules
was higher in CHS than in the other studied starches, which
suggests that probably starch isolate method was too
strong during the homogenization step; therefore, it is nec-
essary to take care in time and speed of this process. Actu-
ally, the presence of broken and truncated granules is not
considered in the quality standard of starches (Sriroth et al.,
2000; Wolfgang et al., 1999).

The granule size suggests some possible applications, for
example those smaller than 60 um are used in the produc-
tion of cosmetic products due to their high water absorp-
tion capacity (Paredez-Lopez, Shevenin, Hernandez-Lopez,
& Carabez-Trejo, 1989; Zhao & Whistler, 1994), and also as
encapsulating agent for flavors, colorants and essences
(Lovedeep et al., 2002). Therefore CHS, because of its gran-
ule size adequate (7-50 um), could be considered as a useful
and interesting polymer in the alimentary industry.

3.4. Pasting properties

The pasting properties (RVA) of starch dispersions are
presented in Table 3. As expected for tubers, the shapes of
the pasting curve were similar between PS and CHS, with
differences in the peak high (Fig. 3). The studied samples
(CHS, PS and MS) presented statistically significant differ-
ences (p<0.05) during heating and cooling behavior in
presence of water excess. However, fortunately the pasting
properties for CHS were advantageous over the PS. CHS
had the highest peak viscosity (PV =14746mPas), and the
highest values for breakdown (BV) and final viscosity (FV).
Trough viscosity (TV) was similar in all samples (Table 4).
Peak time (PT) and pasting temperature (pT) were similar
in PS and CHS, except for MS, which required a longer
time (6.08 min) to reach maximum viscosity. This RVA

Table 3

Pasting properties (RVA) of chayote tuber starch (CHS), potato starch (PS) and maize starch (MS)

Simples pT (°O) PT (min) PV (mPas) TV (mPas) FV (mPas) BV (mPas) SV (mPas)
CHS 67.75+ 1.36* 3.59+0.26* 14746 £ 787¢ 2329 + 166% 4939 +118° 12417 £+ 853°¢ 2610 4 87°
PS 65.83+1.01% 297+0.15% 9412+ 61° 1987 +£210% 4253 +136* 7424 + 148° 2455 +£213°
MS 78.55 4+ 3.79° 6.08£0.79° 4959 +£101° 3231 +307° 4237 £+ 168* 1724 +75° 1037 £101°

Average values of three measurements. (For n =3 £ s.d.). The letters indicate statistically significant differences (Duncan p < 0.05) for each parameter. pT,
Pasting temperature; PT, peak time; PV, peak viscosity; TV, trough viscosity; FV, final viscosity; BV, breakdown viscosity and SV, setback viscosity.
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Fig. 3. Pasting curves (RVA) of chayote tuber starch (CHS), potato starch
(PS) and maize starch (MS).

Table 4
Rheological parameters of dispersions of chayote tuber starch (CHS),
potato starch (PS) and maize starch (MS) at 1% and 4%, w/w

Simples [%6] 1ap (mPas) n* K (Pas)” R?

CHS 1 75.09 +£0.43° 0.52 1.59 0.98
PS 1 16.66 + 0.67° 0.89 0.03 0.97
MS 1 9.21 +£0.49* 0.54 0.18 0.83
CHS 4 171520 £ 0.63° 0.39 4.89 0.97
PS 4 1141.70 4 23.54° 0.41 294 0.93
MS 4 14.63 +0.84° 0.56 0.25 0.91

* Dimensionless. Average values of three measurements. (for
n=3=s.d.). The letters indicate statistically significant differences (Dun-
can p <0.05) among the samples at the same concentration. The rheologi-
cal parameters: #,, apparent viscosity; n: flow behavior index; K,
consistency coefficient; and R, correlation coefficient.

behavior (Fig. 3) might be explained by a higher content of
amylose, and a lipid complexed amylose chains (Jakakody
et al.,, 2005), therefore the lower capacity of absorption and
swelling of starch granules (Ragaee et al., 2006).

During the holding period (TV) of the viscosity test, the
dispersions were subjected to a high temperature and
mechanical shear stress, which further disrupt starch gran-
ules, according to Ragaee et al. (2006) this could result in
alignment and leaching out of the amylose. In our data, the
analyzed samples (CHS, PS and MS) did not have statisti-
cal differences for this parameter, no matter the differences
between the characteristics according to Table 2 and Fig. 2.
This period (which ends at 10 min of the pasting test for all
the samples, Fig. 3) is commonly associated with a break-
down in viscosity (BV). High values of breakdown are asso-

ciated with high peak viscosity (PV) and the degree of
swelling of the starch granules during heating. This was the
case of CHS, which had a higher peak viscosity
(PV=1476mPas) and breakdown (BV=12417mPas)
than all of the other samples, followed by PS peak viscosity
(PV=9412mPas) and breakdown (BV =7424mPas). By
this, according to Ragace et al. (2006), the PV provides
practical indication of the viscous load likely to be encoun-
tered by a mixing cooker.

It is possible that during the cooling, starch molecule re-
association took place, especially between amylose chains,
which resulted in a gel structure formation and, therefore
increase in the final viscosity. This phase is commonly
described as the setback region (SV) and is related to retro-
gradation, syneresis (Niba, Bokanga, Jackson, Schlimme, &
Li, 2001; Ragaee et al., 2006; Varavinit, Shobsngob, Vara-
nyanond, Chinachoti, & Naivikul, 2003) and amylose
leaching degree (Jakakody et al., 2005). There were signifi-
cant differences (p <0.05) in SV between cereal starch (MS)
and tuber starches (PS, CHS), where the tuber starches had
higher values (2610 and 2455 mPas, respectively). Then, the
results of starch pasting properties suggest that CHS due to
high PV and FV could be used as thickening agent in food
dispersions, where a high viscosity could be needed.

3.5. Flow behavior

Starch dispersions (CHS, PS and MS) presented a non-
Newtonian pseudoplastic-type behavior (n<1) (Table 4),
which was characterized by a decrease in viscosity by an
increasing shear rate (Steffe, 1996). The apparent viscosity
(n,p) of starch dispersions (CHS, PS and MS) at 1% and 4%
(w/w) concentrations was statistically different (p <0.05). CHS
dispersions presented higher apparent viscosity than PS and
MS. In comparison with PS dispersions, CHS presented 350%
more viscosity at 1% (w/w) and an increase of 50 % for starch
dispersion at 4% (w/w). Regarding MS dispersion, CHS
showed an increase in viscosity of 715% for 1% (w/w) and
600% in dispersion at 4% (w/w). In the present study, the CHS
dispersions developed higher viscosity than PS and MS dis-
persions; therefore, it could be considered that chayote tuber
is a good starch source and this material is a better thickening
agent than PS, MS and other sources. CHS presented a high-
est content of phosphorus and amylopectin, which are proba-
bly the main reasons for the development of a higher viscosity
than PS and MS (Badui, 2001; Beynum & Roels, 1985; Hose-
ney, 1991; Lovedeep et al., 2002).

Table 5

Thermal parameters of chayote tuber starch (CHS), potato starch (PS) and maize starch (MS)

Samples T, (°C) T, (°C) T, (°C) R(°C) AH . (Jg)
CHS 65.18 £ 1.26* 68.66 +1.58* 74.02 £+ 1.96* 8.84 4+0.77% 1.13 £0.07*
PS 64.06 & 0.54* 67.80 £ 0.61% 7516 +2.21% 11.10 £ 1.42° 12940.11°
MS 70.56 +0.24° 7448 +0.24° 81.73 £0.77° 11.17 £0.89° 1.33 +£0.04°

Average values of three measurements. (For n =3 £s.d.). The letters indicate statistically significant differences (Duncan p <0.05) for each parameter.
Thermal parameters: onset temperature (7,), peak temperature; (7,), conclusion temperature; (7,), gelatinization temperature range; (R), gelatinization

enthalpy; (AH).
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3.6. Thermal properties

According to some authors (Hagenimana, Pu, & Ding,
2005; Yu & Christie, 2001), starch shows a very complex
thermal behavior due to the physicochemical changes of
the granules during gelatinization, thermal transition, crys-
tallization, molecular degradation, among others. The ther-
mal parameters of tuber starches (CHS and PS) presented
statistically significant differences (p <0.05) in relation to
MS (Table 4). The endothermic peaks (7, — T;) for CHS
and PS were between 64 and 75 °C, while the ones for MS
appeared between 70 and 81 °C. These results are partially
due to the differences in size, and chemical composition
(mainly, phosphorus and lipid content) among the studied
starches (tubers and cereals). Some authors (Badui, 2001;
Beynum & Roels, 1985; Hoseney, 1991) have reported that
starch composition depends on the source (tubers or cere-
als). Potato starch from different crops in India and Philip-
pines had endothermic peaks between 60 and 73 °C (Ganga
& Corke, 1999; Lovedeep et al., 2002), which were similar to
the ones obtained in the present study. CHS showed
enthalpy values (AH,,) statistically lower (p<0.05) than
the other two studied sources (Table 5). The AH,, indicate
the presence of crystalline regions (attributed to amylopec-
tin linear fraction and amylose fraction) (Banks & Green-
wood, 1975; Beynum & Roels, 1985) and amorphous zones
(mainly amylose). Some reports (Iturriaga, Lopez, & Afon,
2004) indicated that the presence of crystalline zones
increases the amount of thermal energy required to initiate
the starch melt, while the amorphous zones reduce the
amount of energy. Therefore, CHS requires a lower temper-
ature to gelatinize. This indicates that PS and MS present
more crystalline regions than the chayote tuber starch
because they showed higher values of AH,, than CHS.
These differences can be attributed to granule structure,
amylose and amylopectin content, polymer arrangement,
and gelatinization temperature, according to Lovedeep
et al. (2002).

4. Conclusions

Chayote tubers are presented as a novel starch source,
considering that they are larger than potato tubers with
similar edible yield. The extracted starch (CHS) presented a
high degree of starch purity (>98%). Starch dispersions of
CHS, PS and MS presented a non-Newtonian pseudoplas-
tic-type behavior. The CHS dispersions developed higher
viscosities than PS and MS dispersions, which were attrib-
uted to the higher content of phosphorus and amylopectin
in CHS. The thermal properties of this novel starch (CHS)
source, showed that it is similar to the potato one (p <0.05),
although CHS presented a lower gelatinization enthalpy
(AH,) than PS and MS. The shape and size of the CHS
granules were comparable to those of MS granules, which
could suggest some possible uses for CHS as encapsulating
agent for many substances of commercial interest. In addi-
tion, the results of starch pasting properties suggest that

CHS showed better characteristics than commercial potato
and maize starches due to high PV and FV. Therefore, it is
considered that CHS could be used as a thickening agent
and a substitute to PS in food dispersions where a high vis-
cosity could be needed.
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