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Flour has been an ample source of research and most abundant material for a number of food applications. The aim of this study
is to introduce modified Kithul flour for certain industrial requirements. Several physical and chemical treatments were employed
to modify Kithul (Caryota urens) flour. The effects of pregelatinization (PG-I and II), acid modification (AC), and dextrinization
(DX) on their swelling power, solubility, granular morphology, viscosity, and X-ray diffraction (XRD) patterns were studied. At
75∘C, pregelatinized treated (PG-II) flour had a high solubility (5.31), while at 70∘C pregelatinized treated (PG-I) flour had a low
solubility (4.47) as compared to the solubility of native flour sample (RW = 4.88). Same pattern has been followed by the swelling
power while viscosity showed the highest value for PG-II (7296.51 Cp) and lowest value for DX treatment (873.40 Cp) as peak
viscosities. There were no significant changes in granular size of all treatments compared with the native Kithul flour (45.52 𝜇m).
X-ray diffraction (XRD) also followed the same pattern by presenting Bragg’s angle (2𝜃) positions near 15 (Peak 1), 17 (Peak 2), 18
(Peak 3), and 23 (Peak 4) providing evidence for the presence of crystallites which belong to type A in all modified and native Kithul
flour treatments.

1. Introduction

Starch is a very important raw material with a broad range
of applications in a number of fields with a very high
demand from the food industry [1, 2]. It is a carbohydrate
[3] biopolymer of glucose units constructed of amylose and
amylopectin [4] as a renewable resource from green plants
[5]. These two polymers (as amylose and amylopectin) are
specific for starch properties [4] by forming amorphous and
crystalline regions of the starch granule.

Based on the botanical source properties of starch it
differs [6] and most of the native forms of starches are
not suitable for direct use in industrial applications due to
unsound attributes [7]. Physically and chemically modified
starch is generally used as a food additive (thickeners, bulking
agents, stabilizer, gelling agent, etc.).

Pregelatinization (PG), annealing (ANN), and heat-
moisture treatment (HMT) are the main physical modi-
fications which could alter the molecular arrangement in
the starch granule [8]. Annealing and heat-moisture treat-
ment do not rupture the granule while [8] acid-thinned
modification and lintnerization which refer to the acid-based
dextrinization also does not destroy the granular structure
[9, 10].

The amylose-lipid complex formation is a very impor-
tant feature which could occur during the hydrothermal
modifications (PG, ANN, and HMT) [11–13]. This complex
formation is beneficial to food systems which could affect
many functional properties of starch such as swelling, solu-
bilization, and thickening power [14].

The acid modification is widely used not only in the
food industry but also in paper and textile industries to
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produce thin-boiling starches [15]. Dextrinization is also a
very common modification method which is achieved by
either thermal or acid catalyzation of starch. In the chemical
dextrinization with diluted hydrochloric acid (HCl) referred
to as linearization, the modification level of the starch could
differ depending on the temperature and duration of the
treatment applied [16].

However BeMiller et al. [17] reported that acid molecules
preferentially attack the branched molecule while many
researchers postulated the opposite idea to above, as acid
preferentially buffers the amorphous region [18–20]. More-
over, Biliaderis et al. [21] reported that this hydrolysis accom-
modates the reorientation of the fragments of the chain to the
fore crystalline structure.

There aremany analyticalmethods to identify the changes
of modified starch comparable with native starch, such as
structuring order within the starch granule by X-ray dif-
fraction (XRD), thermal properties by differential scanning
colourimetry (DSC), granular morphology by scanning elec-
tron microscope (SEM), swelling power, and viscosity.

It is reported that X-ray diffraction type is a fingerprint
of crystal anatomy in the starch granule. Based on the peaks
which are formed on the X-ray diffraction graph which is
designed based on the crystal structure, starch can be divided
into thick main types as A, B, and C. According to the studies
of a number of researchers broad classificationmade as typeA
of starchmainly represents cereal starches while type B starch
is usually reported from tubers. C pattern which is a mixture
of both A and B types are available in pea starch and different
bean starches [22–24].

Gelatinization is a series of events which are very critical
in the product development not only in the food industry
but also where applicable [25]. To identify the gelatinization
properties differential scanning colourimetry (DSC) can be
used as it is an energy absorbing process [26]. Swelling
power of flour is a simple study which represents a number
of functional characteristics such as gelatinization, swelling
volume, thickening capacity, and pasting ability of starch, to
predict the suitability of various industrial applications [27].
However, standing few well-known starch sources could not
fulfill the high demand for industrial purposes [28]. There-
fore, Kithul (Caryota urens) which is one of the significant
socioeconomic crops indigenous to India, Sri Lanka, and
Malaysia [29] has been detected as a distinct commercially
viable starch source.

Kithul flour extracts from the trunk of the palm are
another basic example except Sago (Metroxylon sagu Rottb.)
for flour derived from the pith. Although this flour is still
not used for industrial applications. There is an emerging
requirement to discover novel flour source that could fulfill
industrial applications and strengthen the rural economy
by introducing another expansion of Kithul industry in Sri
Lanka.The aimof the current study is to investigate the effects
of five different modification methods which represent both
physical and chemical modifications versus native flour on
physicochemical properties to find out the suitability as a
new modified flour source for industrial use. This will help
to empower the Kithul flour production in Sri Lanka which

directly influences home economy of number of houses in
rural areas.

2. Materials and Methods

2.1. Flour Sample Collection and Modification. Freshly pre-
pared controlled Kithul flour (RW) samples (under Sec-
tion 2.1.1) were used for the modifications given in Sections
2.1.1–2.1.3 and all samples were sifted through a 355 𝜇m sieve
before further analysis.

2.1.1. Preparation of Control Samples. Three Kithul palms
from the same area (Kandy, Sri Lanka) were fallen down
and split. Pieces of pith were removed (Heartwood pulp) and
powdered thoroughly in a mortar. Then, a pot filled with
water and a clean cloth is tied to its mouth, after the crushed
pith is mixed with water and allowed to strain through the
cloth to the pot.The flour settled at the bottom of the pot and
the water is skimmed off. Finally, the flour was put in the sun
to dry.

2.1.2. Pregelatinization Modifications of Kithul Flour on Qual-
ity of Yoghurt. Pregelatinized modification-I (PG-I) was
done with a slight modification of method described by
Knight [30, 31]. A 1 : 1 flour solution (100 g flour for 100mL
deionizedwater) was incubated at 70∘C (PG-I) and 75∘C (PG-
II) for 5minutes. Gelatinized flourwas dried in a hot air dryer
at 40∘C till moisture level dropped from 10% to 15% [30, 31].
Raw Kithul flour was used as the control.

2.1.3. Acidic Modification (AC). The method proposed by
Caglarirmak and Cakmakli [31, 32] was used for the process.
50mLof 0.1MHCl solutionwas added to amixture of 100 g of
flour and 50mL of deionizedwater andmixed for 30minutes.
Then pHwas adjusted to 7 with 1MNaOH. Neutralized flour
was dried at room temperature (30∘C) following washing and
filtered throughwatchman (No. 1) filter paper. Final pH of the
flour must be 7.

2.1.4. Dextrinized Modification (DX). The method proposed
by Caglarirmak and Cakmakli [31, 32] was used with slight
modifications. Weight of 75 g of flour mixed thoroughly with
60mL of 0.1M HCl. Then mixture was dried at 50∘C for 24
hours (until moisture level dropped to 5%). The dried flour
again dissolved in 75mL deionized water and the pH was
adjusted to 7 by using 1MNaOH.Then flour was dried in hot
air dryer at 40∘C till moisture level dropped to 10% to 15%.

2.2. Analysis of the Flour Properties

2.2.1. Swelling Power and Solubility. The solubility and
swelling power were assayed according to the method
described by Leach et al. [33] with slightmodifications. Starch
(0.25 g) was heated with 10mL of water at 78∘C for 30min
with continuous stirring. It was cooled to room temperature
and centrifuged at 3000 rpm for 15min. The supernatant
was carefully removed and starch sediment was weighed.
The supernatant was taken into a preweighed Petri dish and
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Table 1: Granular size, swelling power, and solubility results of modified and native Kithul flour samples.

Sample name Granular length (𝜇m) Granular width (𝜇m) Swelling power (%) Solubility (%)
RW 45.52 ± 13.22a 34.10 ± 9.88a 12.63 ± 0.43c 4.88 ± 0.59ab

PG-I 37.22 ± 10.34a 27.61 ± 8.08a 12.34 ± 0.39c 4.47 ± 0.85b

PG-II 33.27 ± 12.47a 24.17 ± 8.48a 13.80 ± 0.26a 5.31 ± 0.36a

AC 38.32 ± 17.82a 26.18 ± 10.74a 13.18 ± 0.09b 4.47 ± 0.37b

DX 42.39 ± 18.90a 26.93 ± 10.70a 13.92 ± 0.33a 4.29 ± 0.40b

All data are the average of three repetitions ± standard deviation.The values in a column followed by the same letter are not statistically different at a significant
level of 5%.

evaporated for 2 h at 130∘C and then weighed. The residue
obtained after drying of supernatant represented the amount
of starch solubilized in water. The result was expressed as

Solubility% =
𝑊ss × 100

𝑊s
. (1)

Here, 𝑊ss is the weight of soluble starch (g) and 𝑊s is the
weight of the sample (g):

Swelling power% =
𝑊sp × 100

𝑊s × (100 − Solubility%)
. (2)

Here, 𝑊sp is the weight of sediment paste (g) and 𝑊s is the
weight of the sample (g).

2.2.2. Determination of Granular Size. Size of both modified
and native starch granules was observed according to the
methoddescribed by Jayakody et al. [34]with slightmodifica-
tions. Starch solution was prepared by mixing with 1 : 1 (w/v)
mixture of distilled water to glycerine (1 : 1, v/v). The starch
solution was stained with a 0.05% iodine solution (0.05 g
of iodine was dissolved in 100mL of 1% KI solution) and a
thin smear was prepared on a glass slide with a cover slip.
Microscopicmeasurement of Kithul starch granuleswas done
using light microscope (HITACHI SU 6600, Japan) under
the magnification power of 400x with Magnus live USB 2.0
viewer and UTHSCSA Image tool for Windows software
(developed by University of Texas, 1995–2002). The size of
the granules from each starch sample obtained from four
different modifications and native form were measured.

2.2.3. Morphological Characteristics by Scanning Electron
Microscope (SEM). The observation was carried out by
following the method used by Senanayake et al. [35, 36].
Morphology of native and PG-II Kithul flour was studied
by using scanning electron microscope (Hitachi SU6600
Analytical Variable Pressure FE-SEM). Starch samples were
completely dried overnight (50∘C) and then suspended in
ethanol to obtain 1% suspension. One drop of the starch-
ethanol suspension was applied on an aluminum stub and
stub was placed in a dryer for 2 hrs. After drying, stubs were
coated with gold palladium (60 : 40), placed in microscope
with an accelerating potential of 15 kV, and examined under
different magnifications.

2.2.4. X-Ray Diffraction. The X-ray diffraction patterns were
recorded with a Bruker D8 Focus Diffractometer (Germany)

with EVA data analysis software, under the following condi-
tions: Cu-K𝛼 radiation (1.54 Å), a voltage of 40 kV, a current
of 40mA, 2𝜃 range from 5∘ to 80∘, and step size of 0.02.These
studieswere done byAnalytical ServicesDivision of Sri Lanka
Institute of Nanotechnology (Pvt.) Ltd.

2.2.5. Viscosity of Starch by Brookfield Viscometer. A digital
Brookfield Viscometer (Model DV-E, M/98-350-CO201) was
used to determine the viscosity of all flour treatments by
following method of Sopade and Kassam [37]. The starch
solution (10%) was prepared by mixing the Kithul flour of
four different modifications (PG-I, PG-II, AC, and DX) and
native form (RW) with distilled water. Appropriate spindles
(below 10Cp Spindle No. 2, 11 to 1000Cp Spindle No. 3, 1001
to 2500Cp Spindle No. 4, 2501 to 3500Cp Spindle No. 5, 3501
to 10000CpSpindleNo. 6, above 10001 Cp SpindleNo. 7)were
used according to the increment of the viscosity. Samples
were continuously heated in a water bath and during heating
(62∘C to 90∘C) and solutions were stirred continuously by a
magnetic stirrer. The reading of viscosity in Centipoise was
noted at 3 minutes’ interval during rotation at 50 rpm.

2.3. Statistical Analysis. Results were analyzed using one-way
analysis of variance (ANOVA) at 0.05 probability level with
MINITAB software package (version 17 for Windows).

3. Results and Discussion

According to the proximate composition of the Kithul flour
it contains 1.1% crude fiber, 0.8% ash, 0.35% total fat content,
1.0% crude protein, and 9.3%moisture content. Carbohydrate
content of the Kithul flour is around 87.5% [38]. Hence it
was assumed that if Kithul flour was not to refine as starch,
it was not to influence considerably starch properties due to
Kithul flour containing carbohydrate as its major component
(around 88%).

Increment of swelling power is showed (Table 1) by all
treatments (PG-II, DX, and AC) except PG-I and native
Kithul flour. High swelling power of PG-II which has been
treated with excess water at high temperature (which was
very near to gelatinization peak temperature) may be due
to changes in amylose which was complexed with lipid
within the granule that is in helical form. It may change its
physical forms as partial solubility by the treatment and cause
more amorphous which readily leads to combination with
moisture to increase the swelling [35, 36]. However Hoover
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et al. [2] have reported some decrement of swelling with
varying level of heat-moisture treatment. It is very clear with
results of PG-I treatment (Table 1), though there was not
any significant difference between the swelling power of RW
and PG-I treatments (12.63 and 12.34 resp.). PG-I has lower
swelling power than PG-II (13.80). Although the formation of
amylase-lipid complexes during the pregelatinization inhibits
the swelling power, the high proportion of long chains (DP >
35 unit chain) influenced increased swelling [39].

Acid-thinned and treated flour (AC) also indicated signif-
icantly higher swelling power (13.18) than native flour (12.63),
but not much higher than DX (13.92). Similar observation
was obtained by Gunaratne [40] for acid-thinned maize
and wheat starch from 0.1M HCl treatment. According to
the postulation of Rohwer and Klem [15] increased shorter
chain fraction and decrease of branches may lead to increase
of swelling power. DX flour treatment which refers to the
lintnerization, modified by diluted HCl, leads to disruption
of hydrogen bonding between adjoining polymers of starch
which cause structural weakness of the granule. Hence, it is
more likely to attach with water molecules which increases
the swelling power [41]. This argument is applicable for
chemically dextrinized flour treatment which also used 0.1M
HCl.

However the effect of pregelatinization (PG-II) was more
pronounced than other chemical treatments. Higher swelling
power means lowering of associative force between the
granules and hence Kithul flour appears to undergo some
reduction in associated force due tomodifications except PGI
[3].

This study indicates difference in trends of changes in
solubility (Table 1). The higher solubility is shown by PG-II
(5.31) which is significantly higher than all among treatments
due to degradation of flour at higher temperature treatment.
These results are comparable with Senanayake et al. [35, 36].
The high solubility of pregelatinization flour treatment may
be attributed to the loss of granular structure and release of
amylose fraction of the granule [42] which is likely to be
solubilized. As the Lawal [43] this trend caused by weaker
inter- and intramolecular hydrogen bond after heat-moisture
treatments.

The solubility of the acid-thinned flour treatment was
4.47 (Table 1) and it showed a decrement than solubility
of native Kithul flour (RW = 4.88). Iheagwara [44] has
reported similar results for acidmodified sweet potato starch,
while Balasubramanian et al. [45] reported the consistent
results with this for pearl millet. Many researchers reported
increment of solubility after acid modification of Sago [46],
Sorghum [47], and cereal starch [41]. Acid treatment has
structurally strong granules which resist the leach out [45]
comparedwith native starch granule which refers to the lesser
hydrophilicity corresponding to minimized solubility [44].

DX flour treatment which refers to the lintnerization
also follows the same behavior. Reduction of solubility
after dextrinization is not a common observation accord-
ing to the partial depolymerization which occurs in the
amorphous region [48–50]. However lintnerization describes
increasing crystallinity by the remaining crystalline region

without undertaking acid hydrolysis [50]. Moreover Palma-
Rodriguez et al. postulated that acid hydrolysis decreased
the chain length with an increased number of short chains
[49]. During the recombination which is the second step
of dextrinization process these short chains combine in a
branched manner [51].

Normally it is reported that amylose content of starch
is proportional to the granule size, due to amylose which is
amorphous in the starch granules. Larger amylose content
of the granule is likely to result in a lesser percentage of
crystalline [52].

According to the granule morphological observation AC
and DX (38.32 𝜇m and 42.39 𝜇m, resp.) flour treatments do
not show significant differences (𝑃 < 0.05) with native Kithul
flour (45.52𝜇m). The width of the granule behaves in the
same pattern (Table 1).

Similar results have been reported by Winarti et al.
[50] as lintnerization has no effect on the starch granular
morphology while Shildneck and Sumith [53] explained
that the physical form of the acid modified starch remains
the same. Moreover, many researchers reported comparative
findings as their modifications are not based significantly on
granular morphology [54].

PG-I and PG-II granular sizes (Figure 1) not significantly
(𝑃 < 0.05) affected by the treatments when compared with
the native flour sample. However, by observing the scanning
of elector micrographs, the changes could be identified
clearly of pregelatinization starch granules with little surface
damage. But granular starch has remained because both heat
treatments have undergone below the gelatinization peak
temperature (𝑇

𝑝
= 78∘C). However few aggregation of starch

granules could be observed as random.
Pregelatinizing by drum drier causes damage to the

granular structure which goes around 150∘C heat treatment
[55], although this treatment which has been conducted
under controlled conditions below the gelatinizing peak (𝑇

𝑝
)

temperature could protect the granular structure with the
same size and shape in Kithul flour.

Variation of viscosity during gelatinization was recorded
using Brookfield Viscometer and results elaborated highest
viscosity for PG-II treatment while lowest viscosities were
reported forDXflour treatment (Figure 2). Pasting properties
mainly depend on two factors as the rigidity of the granule
[56] and the quantity of amylose leakage [57]. Lower peak
viscosity indicates the decrement of swelling capacity.

PG-II treatment causesmaintenance of highest viscosities
for all temperatures during gelatinization. According to the
study of Adebowale et al. [1] heat preferably attacks the
amorphous region of granule reducing the molecular mass
of analysis and amylopectin molecules which prefer high
solubility.

After acid treatment (AC) and lintnerization (DX) it
could clearly figure out (Figure 2) rapid reduction of onset,
peak, and final viscosity comparably with native Kithul flour.
According to the Figure 2, all flour treatments start their
increment of viscosity after 72∘C and lower increment values
were observed for AC and DX flour treatments which was
acid hydrolyzed. According to the graph (Figure 1) bending
pointsmostly located around 78∘C formany flour treatments.
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(a) (b)

Figure 1: SEM micrograph observations of flour treatments of native (RW (a)) and pregelatinized (PG-II (b)).
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Figure 2: Variation of viscosity versus temperature of modified and
native Kithul flour.

90∘C shows the maximum viscosity of the flour samples dur-
ing the gelatinization. Acid hydrolyzed AC and DX samples
always represented the lowest viscosity which is aligned with
the result of Gunaratne [40] as acid treatment where maize
flour treatments reported a rapid reduction of peak viscosity.
This is mainly attributed to erosion of amorphous region by
acid hydrolysis. Formed weak granules are deformable when
stirring process which causes to reduce the viscosity.

All the native and modified Kithul flour samples have the
same X-ray crystalline pattern (Figures 3 and 4). Major peaks
of the graphs have positioned at Bragg’s angel (2𝜃) positions
near 15 (Peak 1), 17 (Peak 2), 18 (Peak 3), and 23 (Peak 4).
These strong diffractions of PG-I, PG-II, DX, AC, and RW
flour treatments are evidence for the presence of crystallites
which belong to type A [4, 5, 24]. According to the previous
studies it has been observed that X-ray diffraction pattern
depends on the origin of the starch under environmental
growth condition [58]. However these results revealed that
used modifications do not charge the crystalline structure
in the starch growth which is in agreement with postulation
of Waduge et al. [59]. However, there is a possibility of
forming amylose-lipid complex PG-I and PG-II due to these
undergoing heat treatment. According to Biliaderis [60]
formation of complex with ligands (such as fatty acids) is

called V-polymorph. XRD diagrams of starch which contain
amylose content less than 30% normally do not represent the
presence of V-structure [61–63]. Hence deficit of representing
peak for V-type structure on the XRD diagram and analysis
does not mean the absence of amylose-lipid complex while
it shows the lack of organized three-dimensional structures
[60].

4. Conclusion

This study revealed that both physical and chemical modi-
fications could influence the physicochemical properties of
Kithul (Caryota urens) flour while highest modification is
done by physical treatment called PG-II. Swelling power
of PG-II was higher (13.80) than swelling power of acid-
thinned and treated flour (AC = 13.18) and also indicated
significantly higher swelling power than native flour (12.63),
but not much higher than DX (13.92). The higher solubility is
showed by PG-II (5.31) which is significantly higher than all
among treatments due to degradation of flour at higher tem-
perature treatment. According to the granule morphological
observation AC and DX (38.32 𝜇m and 42.39 𝜇m, resp.) flour
treatments did not show significant differences (𝑃 < 0.05)
with native Kithul flour (45.52𝜇m). The width of the granule
behaves in the same pattern. PG-II treatment causes highest
viscosities for all temperatures during the gelatinization. All
the native andmodified Kithul flour sample showed the same
X-ray crystalline pattern. These strong diffractions of PG-
I, PG-II, DX, AC, and RW flour treatments were evidence
for the presence of crystallites which belongs to type A.
Among four modification methods PG-II presented more
favorable properties which make it to be considered as an
excellent modification for possible food applications as the
highest swelling power and solubility and viscosity remained
as chemical free.

Acronyms

PG- I: Pregelatinization at 70∘C
PG- II: Pregelatinization at 75∘C
AC: Acid modification
DX: Dextrinization
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XRD: X-ray diffraction
ANN: Annealing
HMT: Heat-moisture treatment
DSC: Differential scanning colourimetry
SEM: Scanning electron microscope
RW: Native Kithul flour
HCl: Hydrochloric acid
NaOH: Sodium hydroxide
Cp: Centipoise (unit for measure the viscosity).
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