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A B S T R A C T

The starch from two aroid tuber viz. Ariopsis peltata and Lagenandra toxicaria were isolated and evaluated for their
morphological, physical and chemical properties. The tubers of these plants are used as food and medicine by the
indigenous communities. The starch yield from A. peltata tuber was 25 � 1.7% with an amylose content of 10 �
0.9%, while the tuber of L. toxicaria contained 28 � 6.5% starch with 15 � 0.5% of apparent amylose in it. The
starch isolated from both the tubers was highly pure (99%) starch exhibiting an A-type X-ray diffraction pattern.
The starch granules of L. toxicaria were of various shapes and exhibited a smooth surface without any cleft or
break. While the starch granules of A. peltata were spherical with smooth surface, as well as rough surface. The
breaks and clefts were apparent on the rough-surfaced granules. The gelatinization temperature range for
A. peltata and L. toxicaria starch is approximately 23 �C and 19 �C respectively. A. peltata starch showed higher
thermal stability compared to L. toxicaria starch and either of the starch was rapidly digestible as evident from in
vitro digestion study. The physicochemical properties of both the starches render them stable to withstand
extreme processing. Besides they also mimic simple sugar in digestibility. So it can be utilized as a substitute for
simple sugars in brewing and pharmaceutical industries.
1. Introduction and linear amylose units (Betancur et al., 2001; Kuttigounder et al., 2011;
Starch is the basic source of nutrition and energy for plants and ani-
mals, synthesized in plastids and exists as semicrystalline granules. It is the
second most important biopolymer consisting of branched amylopectin
urces of food and food ingredient

nakumar).
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Singh et al., 2007). Each plant starch has diverse physicochemical prop-
erties and is a storage product found in leaf chloroplast or amyloplast of
seeds, roots, tuber, etc (Ochubiojo and Rodrigues 2012). Most of these
storage organs are used as food by humans (Jobling, 2004).
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The industrial application of starch depends on the availability and
physicochemical characteristics of starch (Pascoal et al., 2013). Starch
finds application in the paper (for enhancing paper strength and printing
properties), pharmaceutical (as drug filler), packaging (as a binder),
textile (sizing of fine fabrics), cosmetic, and food industry. In the food
industry, it is used as a food additive to regulate consistency and texture,
withstand the breakdown of gel during processing and enhance the
shelf-life of end products (Falade and Okafor, 2013). Most of the natu-
rally occurring starches have limited application in the food industry
owing to their poor process tolerance, high retrogradation, weak shear
and heat resistance, higher viscosity and thermal decomposition. Also,
cooked starches form a weak, cohesive and rubbery paste (Alc�azar-Alay
and Meireles, 2015; Eliasson and Gudmundsson, 1996). Because of these
limitations of conventionally available starch, investigators are looking
for new sources of starch with better physicochemical properties. The
starch from maize, rice, wheat, potato and cassava is widely used to
produce commercial starches. In addition to these, starch is isolated from
non-conventional sources such as tubers of aroid plants like Alocasia
macrorrhiza, Amorphophallus campanulatus, Colocasia esculenta, Cyrto-
sperma merkusii and Xanthosoma sagittifolium (Zhu, 2016).

Ariopsis peltata (AP) and Lagenandra toxicaria (LT) belong to the
family Araceae. AP is an endemic, lithophytic, perennial herb with tu-
bers. LT is commonly seen in marshy regions of south India. It’s leaves are
used as food and the tubers are used by traditional healers to treat bilious
complaints, renal and cardiac ailments. The plant is recognized to be
diuretic, carminative and used as a tonic (Selvakumari, 2014). Most of
the Araceae members are rich in the storage protein lectin (Van et al.,
1995), which is used in anticancer therapeutics as it can bind to the
cancer cell membranes and/or receptors causing cell apoptosis (De Mejia
and Prisecaru 2005). Besides, there is no information available on the
physicochemical properties, crystallinity and in vitro digestibility of
starch from these two plants.

The present study is to assess the physicochemical properties of the
starch of these two lesser-known plant tubers. We determined the purity
of the isolated starch, apparent amylose content, physicochemical
properties (swelling factor and pasting properties), crystalline structure
and in vitro starch digestibility.

2. Material and methods

2.1. Reagents

Amylose from potato (CAS no. 9005-82-7) and α-amylase from porcine
pancreas (A3176-500ku, EC.No.232-565-6) were obtained from SIGMA
Aldrich chemical co. India. Sodium metabisulphite from Nice chemicals,
Kerala, India. All the other chemicals used were of analytical grade.
2.2. Plant collection and isolation of starch.

AP tubers were collected from Charmadi ghat (an integral part of the
Western Ghats), Dakshina Kannada, Karnataka, India (13�0403500 N,
75�2700600 E). While LT tubers were collected from Markanja village of
Sullia, Dakshina Kannada, Karnataka, India (12�34038.700 N, 75�.29054.800

E). The herbaria (AK 08, AK 09) of both the plants were prepared and
deposited in the Department of Applied Botany, Mangalore University.
Collected tubers were washed, chopped and shade dried. The dried
samples were powdered and starch was isolated using sodium meta-
bisulphite following the method of Chandra et al. (2016). The isolated
starch was dried and weighed, the yield from each sample was calculated
(Eq. (1)) and starch content was determined using the anthrone method
(Sadashivam and Manickam 2008).

Yield ð%Þ¼Ws
W

� 100 (1)

Here, Ws is the weight of the starch and W is weight of the sample.
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2.3. Physicochemical analysis of starch

2.3.1. Apparent amylose content and pH of the starch.
10 ml of 1:9 (v/v) mixture of Ethanol: 1N NaOHwas added to 100 mg

of powdered starch sample and incubated overnight, after which, the
volume was made up to 100 ml using distilled water. Further, 2.5 ml of
this extract was diluted with 20 ml of distilled water. To this, three drops
of phenolphthalein indicator was added followed by the addition of 0.1N
HCl dropwise until the pink colour disappears. 1.0 ml of Iodine solution
(0.2%) was added to this mixture and the volume was made up to 50 ml
using distilled water. Absorbance was measured at 590 nm. Amylose
content was calculated using the potato amylose standard curve (Sada-
shivam and Manickam 2008). The pH of the starch was measured using a
Systronics digital pH meter.

2.3.2. Water holding capacity
One gram of starch was suspended in 15 ml of distilled water and

stirred for 1 h. Free water was drained from the wet starch. After 10 min,
the wet starch was weighed and the result was given as percent on a dry
weight basis (Eq. (2)) (Deepika et al., 2013a).

Water holding capacity ð%Þ¼Ws
Ds

� 100 (2)

Here, Ws is the weight of the wet starch and Ds is the weight of the dry
starch.

2.3.3. Paste clarity
A 2% starch suspension (w/v) was prepared in distilled water and

incubated for 30 min in a boiling water bath and stirred thoroughly after
every 5 min. Samples were then stored at 4 �C for 5 days. The trans-
mittance of the stored sample was recorded at 640 nm after every 24 h
using a spectrophotometer against water as a blank (Ochubiojo and
Rodrigues 2012; Perera and Hoover 1999).

2.3.4. Swelling power and solubility
The swelling property and solubility of the starch were observed at

temperatures of 60 �C, 70 �C, 80 �C and 90 �C. Slurry of the starch was
prepared by dispersing starch in distilled water (1% w/v). The resulting
slurries were heated at 60 �C, 70 �C, 80 �C and 90 �C in a waterbath for 1
min with continuous stirring. Then the slurries were cooled to room
temperature and centrifuged at 3000 rpm for 15 min. The wet starch
pellet was weighed (Ws) while the supernatants were decanted to a
preweighed petridish and evaporated until dry at 110 �C. The weight of
the residue (W2) was determined after drying. The percentage of solu-
bility and swelling of the starch was calculated using the formula (Eqs.
(3) and (4)) given by Zhang et al. (2017) and Chel-Guerrero et al. (2016).

Swelling Power ðg = gÞ¼ Ws
ð100�% SolubilityÞ � S

� 100 (3)

% Solubility¼Weight of soluble starch
S

� 100 (4)

Here, Ws is the weight of wet starch (g) and S weight of starch on a dry
weight basis (g).

2.3.5. Morphology of the starch granules
The shape and morphology of the starch granules were examined

using a field emission scanning electron microscope (FESEM) Carl Zeiss
03–81 Germany. The granules were sprinkled on the double-sided ad-
hesive tape mounted on a metal stub, followed by gold sputtering. The
image was obtained under 5 kV (Chen et al., 2018; Xia et al., 2015). The
granule size was calculated using ocular micrometry fitted to an optical
microscope (Olympus CH20iBIMF) under 400x magnification (Lobo and
Gulimane, 2015; Zhang et al., 2018). The images of the granules were
captured using Canon power shot SX400.



Table 1. Physicochemical and morphological characteristics of starch isolated
from aroid tubers.

Ariopsis peltata Lagenandra toxicaria

Yield (%) 24.72 � 1.74a 28.33 � 6.51a

Starch content (%) 99.26 � 8.93a 99.65 � 2.44a

pH 5.8 � 0.15a 6.5 � 0.36b

Water holding capacity (%) 357.86 � 13.14a 314.18 � 5.64b

Mean of granule size (μm) 13.77 � 4.83a 21.23 � 6.35a

Granule size range (μm) 5–25 10–37.5

Amylose (%) 10.27 � 0.92a 15.12 � 0.47b

All the results are presented as mean � SD. The columns with different super-
script are significantly different (p < 0.05).

B. Akarsha et al. Heliyon 8 (2022) e11089
2.3.6. Type of crystallinity
The starch samples were equilibrated with a saturated solution of KCl

for one week to adjust their moisture content to approximately 20%. The
crystallographic pattern of AP and LT starch were determined using XRD
[Rigaku miniflex 600 with CuKα radiation (λ ¼ 0.15406 nm)] under the
following conditions: region of scanning angle 2θ ranged from 3� to 80�

for both the samples, operated at an emission current 15 mA and an
accelerated voltage of 40 kV with a scanning speed of 1� per minute. The
percentage of crystallinity was measured in Origin pro 9.0 software using
Eq. (5) (Malumba et al., 2017; Zhang et al., 2011).

Crystalline %¼ Ac
Acþ Aa

� 100 (5)

Here, Aa is the amorphous area, while Ac is the total area of crystalline
peaks and Ac þ Aa is the total area.

2.3.7. ATR-FTIR spectroscopy
The carbohydrate nature of the isolated starch sample was examined

using ATR-FTIR. The spectrum of the starch sample was recorded at 300
to 4000 cm�1 wavenumber range at room temperature (Ashwar et al.,
2017; Zeng et al., 2014).

2.3.8. Thermal characteristics
The gelatinization temperature, gelatinization enthalpy and thermal

stability were analyzed using a Universal thermal analyzer (Sl. no. 0600-
1399 SDT Q600 V20.9 Build 20). The instrument is equipped to carry out
both Differential Scanning Calorimeters (DSC) and Thermogravimetric
analysis (TGA) simultaneously.About4–8mgof starchsampleswereheated
to 25 �C to 500 �C under nitrogen gas (100ml/min) with a scan rate of 10�

C/min. The temperature atwhichgelatinizationbegins is onset temperature
(T0) while the peak temperature (Tp) is the temperature at which gelatini-
zation ismaximumand the temperature at which the gelatinization process
terminates is referred to as conclusion temperature (Tc). The enthalpy
change of gelatinization (ΔH) was recorded and the gelatinization tem-
perature range (Tc-To) was calculated (Malumba et al., 2017; Kouser et al.,
2020). The thermal stability of isolated starch was determined from TGA
data (Malumba et al., 2017; Abera et al., 2019; Kouser et al., 2020).

2.3.9. Starch hydrolysis
Isolated starch was hydrolyzed by the porcine pancreatic α-amylase

(PPA) enzyme following Zhu et al. (2018). 10 mg of the isolated starch
was separately subjected to enzyme hydrolysis with 2 ml of PPA enzyme
solution (contains 50 U PPA, 25 mM NaCl, 5 mM CaCl2, 0.02% NaN3, in
0.1 M sodium phosphate buffer pH 6.9) for 1, 2, 4, 8, 12, 24 and 48 h at
37 �C in a thermostat water bath with continuous shaking. After the
hydrolysis, the mixture was subjected to centrifugation at 5000 g for 5
min. The recovered supernatant was used for the soluble carbohydrate
analysis using the Anthronemethod with glucose as standard. The degree
of hydrolysis of the starch was calculated using Eq. (6).

Hydrolysis degree ð%Þ ¼ Quantity of soluble carbohydrates� 0:9
Initial weight of starch

� 100

(6)

2.4. Statistical analysis

All the experiments were carried out in triplicates and the results are
presented as mean� SD. The data were analyzed and compared using the
student t-test (PRISM Graphpad, version 5.0; Graphpad Software Inc.,
San Diego, CA).

3. Results and discussion

3.1. Yield and pH of the starch samples.

Both the isolated starch was light brown and had smooth texture. The
starch yield and purity in AP was 24.72 � 1.74 and 99.26 � 8.93%,
3

respectively, while starch yield and purity in LT was 28.33 � 6.51 and
99.65 � 2.44% respectively. The members of Araceae are reported to
have a starch yield ranging from 22% to 40% (Deepika et al., 2013a). The
pH values of the starches are given in Table 1. The pH of LT was neutral
while that of AP was slightly acidic.

3.2. Apparent amylose

The apparent amylose content in LT and AP starch were 15.12 �
0.47% and 10.27 � 0.92% respectively (Table 1). The apparent amylose
in most of the aroid tubers ranges from 13 to 28% (Table 2). Amylose
content determines the physicochemical property of the starch (Zhang
et al., 2017). The lower percentage of amylose implies higher proportions
of amylopectin. The percentage composition of amylose and amylopectin
determines the granule size and shape (Singh et al., 2016). Further, the
gel textural and pasting property of starch is determined by the amylose
content in it while amylopectin contributes to the firmness.

3.3. Water holding capacity.

The water holding capacity of both the isolated starch is given in
Table 1. AP and LT starch show 357.86� 13.14% and 314.18� 5.64% of
water holding capacity respectively. The lower water holding capacity of
LT starch may be due to the formation of a larger proportion of hydrogen
bonds within the starch than with that of water (Deepika et al., 2013a).

3.4. Paste clarity

The percentage transmittance increased in both samples (Figure 1).
On the fifth day, LT showed 71.1� 1.82% and AP showed 81.97� 0.55%
of transmittance. The paste clarity is related to the state of dispersion and
the retrogradation tendency of the starch. It relies on the granule size,
structure, paste concentration and pH of the starch. Further, the per-
centage of light transmittance of the starch paste is closely related to the
swelling and solubility of the starch. Increased light transmittance in-
dicates a higher swelling power of the starch granules (Ashwar et al.,
2017; Deepika et al., 2013a, 2013b). The higher paste clarity of both the
samples in this study may be due to the smaller granule size of the
starches.

3.5. Swelling properties and solubility of starch

The swelling power and solubility percentage of LT and AP starch
granules at different temperatures ranging from 60 �C to 90 �C is rep-
resented in Table 3. From 60 �C to 70 �C slight increase in the swelling
property of starch was recorded, but from 70 �C to 90 �C starch samples
showed a sudden increase in both swelling properties and solubility. The
swelling property, water holding capacity and solubility is related
directly to an increase in temperature. The presence of a non-covalent
bond between starch molecules favors the swelling and water holding
capacity of starch (Ubalua, 2007). Increasing the temperature of the



Table 2. Physicochemical properties of some Aroid starch.

Plant Amylose
content
(%)

Granule
size (μm)

Crystalline
type

Starch
Yield %

Reference

Colocasia
esculenta
varieties

14–28 5–10 A 6–14 Deepika
et al.
(2013a,
2013b)
Zeng et al.
(2014)

Xanthosoma
sagittifolium

18 2.1–2.28 A NA Saikia and
Konwar
(2012)

Xanthosoma
caracu

13 1.25–2.21 A NA Saikia and
Konwar
(2012)

Amorphophallus
paeoniifolius

13 5–12 A NA Saikia and
Konwar
(2012)

Alocasia indica
Linn.

NA 4.77 NA NA Lodha and
Nemade
(2012)

*NA – Not Available.

Figure 1. Paste clarity of AP and LT starch.

Table 3. Swelling power and solubility of the isolated starch.

Temperature Solubility (%) Swelling power (g/g)

Ariopsis
peltata

Lagenandra
toxicaria

Ariopsis
peltata

Lagenandra
toxicaria

60 �C 8.8 � 0.4a 4.53 � 0.42b 5.20 � 0.03a 4.74 � 0.09b

70 �C 14.06 � 0.31a 9.93 � 0.70b 5.73 � 0.10a 5.27 � 0.04b

80 �C 31.47 � 0.95a 23.67 � 0.58b 12.93 � 0.17a 10.48 � 0.17b

90 �C 38.2 � 0.92a 29.27 � 0.90b 18.77 � 0.34a 14.06 � 0.12b

All the results are presented as mean � SD. The data were analyzed and
compared using student t-test. The columns with different superscript are
significantly different (p < 0.05).
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starch suspension causes hydration of the structure due to rupture of the
intermolecular bridges in amorphous zones, thereby increasing the
swelling property of the starch granules. Furthermore, the swelling ca-
pacity of starch is positively correlated with the amylopectin content and
negatively correlated with amylose. Therefore, higher amylose content
inhibits swelling. Along with that, other factors also affect the swelling
property of the granules, like small-sized granules swell more compared
to larger sized granules at a higher temperature. The starch granules that
are highly associated with strong and extensive micellar structure display
relatively lower swelling and solubility (Singh et al., 2003). Furthermore,
starch that contains amylose – lipid complexes also exhibits restriction on
swelling and solubility (Alc�azar-Alay and Meireles, 2015; Wang et al.,
2017).

3.6. Crystalline structure of starch

AP and LT starch have 18.08% and 20.44% of crystallinity respec-
tively. The crystallinity of both the starch granules was lower than that of
Amorphophallus paeoniifolius (33%) and rice (34%) starch (Sukhija et al.,
2016; Yang et al., 2019). Both the starch showed an A-type crystalline
structure with characteristic reflection at about 15�, 23� 2θ and an un-
resolved doublet at 17� and 18� 2θ as observed in the diffractogram
(Figure 2). The diffractograms of most of the aroid starches are similar to
this (Lertphanich et al., 2013; Saikia and Konwar, 2012; Zeng et al.,
2014).

The diffraction pattern of starch is related to the chain length and
distribution of amylopectin. Based on this, there are three types of
starches A, B, and C (Lertphanich et al., 2013). The A-type starches
exhibit strong reflection at 15�, 23� and an unresolved doublet at 17� and
18�. B-type crystalline starches exhibit characteristic reflection at 5.6�,
15�, 17�, 22� and 23� and C-type crystalline starches exhibit both A and B
diffractograms and will be further classified into CA-, CB-, and CC-type
Figure 2. XRD pattern of LT and AP starch granules.



Figure 3. ATR-FTIR spectra of LT and AP starch.

Figure 4. Optical microscopy images of starch granules as observed under 400x
magnification. a) Lagenandra toxicaria. b) Ariopsis peltata.
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based on their resemblance to A- and B-type or between the two types,
respectively. Earlier studies suggest that starch with low amylose content
shows an A-type XRD pattern (Lertphanich et al., 2013; Wani et al., 2015;
Riley et al., 2004; Padmanabhan and Lonsane, 1992). This is further
corroborated by this study.

3.7. Chemical vibration authentication using ATR-FTIR

The absorption of infrared energy depends on the variation in the
crystal structure, difference in helical structure and chain conformation
of the starch (Ashwar et al., 2017). Infrared absorption spectra showed
(Figure 3) three characteristic vibrations between 926 cm�1 and 1150
cm�1, which represents the C–O bond stretching. Peaks at 999 cm�1,
1014 cm�1, 1022 cm�1, 1076 cm�1 and 1150 cm�1 refer to anhy-
droglucose ring C–O stretch of C–O–H in starch. The vibration at 1647
cm�1 represents strongly bound water present in the starch (Deepika
et al., 2013a, 2013b; Zeng et al., 2014). The absorption band at 2928
cm�1 and 2929 cm�1 is contributed by C–H stretching vibration. Ab-
sorption bands in the region of 1365–1410 cm�1 correspond to the C–H
bending vibrations. The broadband stretching vibration at 3290 cm�1

indicates the presence of hydroxyl group (O–H). In this study, it is clear
that there are no major differences in the isolated starches from two
different plant tubers as is seen in Figure 3.

3.8. Morphology of the starch granule

Morphology and granule size of starch vary with plant genotype. It
also depends on the biochemistry of the chloroplast or amyloplast, as
well as the physiology of the plant (Liu et al., 2018; Pfister and Zeeman
2016). The granule size varied from 10 to 37.5 μm in LT starch and 5–25
μm in starch isolated from AP. The mean values of the granule size are
given in Table 1. The average size of the starch granules of most of the
aroid tubers ranges from 1 to 10 μm (Table 2). The FESEM and optical
microscopic images of the LT starch show (Figures 4 and 5) a smooth
surface without any cleft and break. The shape of the starch granule
varies, some were dumbbell-shaped, but most of them were curved.
While spherical shaped granules (Figures 4 and 5) with both smooth and
rough surfaces were seen in AP starch. Breaks and clefts were found in AP
starch granules with a rough surface. Cracks may be due to low particle
integrity stemming from the defective packing of amylopectin
double-helical molecules. This was also found in transgenically modified
potatoes (Blennow et al., 2003) and pulse starches (Ambigaipalan et al.,
2011).

3.9. Thermal property

Gelatinization results due to the disruption of molecular arrange-
ment within the starch granule. This manifests as irreversible changes in
properties such as granular swelling, native crystallite melting, loss of
birefringence and starch solubilization. Gelatinization temperature
varies based on the crystalline nature of the starch. Also, gelatinization
temperature directly relates to the degree of arrangement of molecules
in starch granules (Abera et al., 2019). Reports suggest that starches
with A-type crystallinity show more gelatinization temperature
compared to starches with B-type crystallinity. Also, starch with higher
granule size and varied shape exhibit higher gelatinization temperature
(Wang et al., 2018). LT and AP showed higher gelatinization tempera-
ture and enthalpy (Figure 6 & Table 4) of 14.22 J/g and 19.52 J/g
respectively. This is greater than the corn (12.3 J/g) and wheat (10.7
J/g) starches (Jane et al., 1999; Singh et al., 2003). More enthalpy
represents the quantity and quality of crystallinity and also indicates the
loss of molecular arrangement of starch granules (Jane et al., 1999). The
higher change in enthalpy (ΔH) in AP and LT starch might represent the
formation of longer and more double helices by the amylopectin
external chains (Zhang et al., 2017). Thermogravimetric analysis (TGA)
reveals the thermal stability of starch samples (Figure 7). The weight
5

loss occurred in three sections. During the first section, from 25 �C to
240 �C about 13.52% and 13.63% of weight loss was observed for LT &
AP starch respectively. The stability of either of the starch was
comparably same during this section. While in the second section of 240
�C–320 �C, weight loss of LT starch was more (71%) compared to AP
starch (68%). This suggests that AP starch is thermally more stable than
LT starch.

3.10. In vitro digestion

PPA hydrolysis study imitates the hydrolysis in the small intestine and
blood glucose level response to starch. The hydrolysis rate of the AP and
LT starch is given in Figure 8. The hydrolysis rate increased drastically for



Figure 5. FESEM images of starch granules under various magnification. a)
Cluster of AP starch. . b) Single AP starch grain. c) Cluster of LT starch. d) LT
starch grains.

Figure 6. DSC thermogram of the Lagenandra toxicaria and Ariopsis pel-
tata starch.

Table 4. Thermal characteristics of starch isolated from aroid tubers.

Temperature Ariopsis peltata Lagenandra toxicaria

To (onset) 49.19 � 0.25a 47.73 � 0.15b

Tp (peak) 54.71 � 0.02a 52.37 � 0.21b

Tc (conclusion) 72.29 � 0.05a 66.8 � 0.1b

Tc-To (gelatinization temperature range) 23.09 � 0.25a 19.07 � 0.05b

Enthalpy change 19.52 � 0.04a 14.22 � 0.12b

All the results are presented as mean � SD. The columns with different super-
script are significantly different (p < 0.05).

Figure 7. Thermogravimetric analysis (TGA) of the Lagenandra toxicaria and
Ariopsis peltata starch.
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LT starch as compared to the starch of AP in the first hour of reaction.
After 1 h, the hydrolysis rate for AP starch increased as compared to LT
starch. Both samples showed a great extent of hydrolysis i.e. 43.48 �
6

2.31% for LT starch and 56.73 � 2.73% for AP starch up to 12 h, after
which the hydrolysis rate reached a plateau. The previous report suggests
that A-type granules present in normal maize, wheat and rice starches
show a much faster rate of hydrolysis than B-type (potato) starch due to a
greater extent of structural defects in granules (Jane, 2006; Riley et al.,
2004). The digestion of starch also depends on the amylose and amylo-
pectin content (Hoover, 2001). The hydrolysis rate increases with
decreased amylose content, for example, the hydrolysis rate of Cassava
starch is faster than potato starch since it has less amylose content
(Padmanabhan and Lonsane, 1992). Amylose restricts the digestion of
starch. The susceptibility of the starch to amylase is dependent on
granule size, morphology and porosity. Starch with a larger granule size
and low relative surface area will be hydrolyzed slowly by the enzymes
compared to the starch with a smaller granule size. Also, pores and
channels in the granules will increase the susceptibility of the granules to
the amylase enzyme (Zeng et al., 2014; Zhu et al., 2018). The starch of AP
has a smaller granule size with cracks on the surface of granules and
lower amylose content as compared to the LT starch (Table 1). Hence AP
starch sample might be more susceptible to enzyme hydrolysis making it
readily digestible.



Figure 8. Percentage of degradation of the Lagenandra toxicaria and Ariopsis
peltata starch hydrolysed by PPA enzyme.
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4. Conclusion

A good amount of starch was obtained in the tubers of both the plants.
The isolated starches showed differences in morphology, physicochem-
ical properties and digestibility. Both the aroid starch had low amylose
content and small granule size with an A-type crystalline structure. There
is no significant variation in the crystallinity percentage of both the
starch. The physicochemical properties of starch are greatly influenced
by the amylose - amylopectin ratio which determines the food and/or
non-food application of starch. The starch from both the tubers contains
low amylose content which renders it suitable as a food thickening agent.
The digestibility, crystallinity and amylose content of the aroid starch
granules are all found to be interrelated. Further studies are required to
fully elucidate the structural and functional properties of these two
starches.
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