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a b s t r a c t 

Palmyrah ( Borassus flabellifer L) tuber is a cheap and rich source of starch. Modifications of native starches 

are carried out to provide starch products with specific properties. In the present study, three different starch 

modification techniques (pre-gelatinization, acid modification and dextrinization) were used to produce modified 

palmyrah tuber starch. The physicochemical and functional properties of the native and modified palmyrah tuber 

starch were evaluated and the applicability of the palmyrah modified starch as a thickner in instant soup also 

tested. The recovery yields of modified starches ranged between 75.90-91.96%. The dextrinized palmyrah starch 

showed significantly (p < 0.05) the lowest swelling power and the highest average solubility. The gelatinization 

temperature (76.5-82.27 °C), amylose content (9.2-21.69%), amylopectin content (78.32-90.80%) varied among 

the native and modified starch. The particle sizes of the starch granules varied from 1.308-7.346 μm. The study 

revealed that the modification processes can greatly improve the physicochemical and functional characteristics 

of native starch. According to the sensory analysis of instant soup among trained panelists, high preference was 

observed for palmyrah pregelatinized starch than commercially available corn starch. Hence this study shows the 

feasibility of modified palmyrah starch as a thickening agent in instant soup. 
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. Introduction 

Palmyrah young tuber is a seasonal underutilized product of

almyrah palm ( Thillainathan, 2019 ). The immature tuber is spindle-

haped and it includes 44 % organic matter, 50-55 % moisture, and 2%

inerals. The main carbohydrate found in palmyrah tuber flour is starch

 Thivya, 2018 ). 

Starch is a polymer, chemically formed by long chains of sugar

olecules that are connected together. Starch is rarely consumed in its

ative state and is widely employed in industry. Because they are unsta-

le when exposed to changes in temperature, pH, and shear stresses,

ost native starches are limited in their direct application. Native

tarches are frequently changed to achieve specific qualities such as sol-

bility, smoothness, adhesion, and temperature endurance in industrial

perations. Several methods for producing modified starches with vari-

us properties and applications have been developed. All of these strate-

ies change physicochemical qualities and structural attributes of starch

n order to boost its value in the food and non-food industries. The indus-

ry of starch modification is always changing. Physical, chemical, and

nzymatic approaches are used to modify starch ( Krithika & Ratnamala,

019 ). Annealing, heat/moisture, high-pressure, and osmotic pressure

reatment, and pre-gelatinization are some of the physical modification
∗ Corresponding author. 
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ethods for starch ( Singh et al., 2016 ). Chemical modification involves

he addition of functional groups to the starch molecule, resulting in a

ignificant change in physicochemical properties ( Krithika & Ratnamala,

019 ). 

Naguleswaran et al. (2010) had conducted researches on the ex-

raction and characterization of native strach from Pamyrah dried seed

hoot flour. The yield and purity of starch form Palmyrah dried shoot

our were 38.4% and 95.8%, respectively ( Naguleswaran et al., 2010 ).

ut lack of researches were conducted on the modification of palmyrah

ative starch and its applicability. Palmyrah dried tuber flour was used

s a thickner in trditional product like poridge and soup. But slight bit-

erness of the flour restricted its use as a thickner in various industrial

roducts. Native starch extracted from palmyrah tuber can be modified

ith various techniques to achive specific qualities such as solubility

nd viscosity. 

Hence this research was conducted to investigate the effects of

hree different modification methods which represent both physical and

hemical modifications versus native starch on physicochemical and

orphological properties. Pregelatinization, acid modification and dex-

rination were the modification techniques selected for this study based

n cost effectiveness, availability of chemicals and ease of preparation.

indings of this study will be a backbone for various application of
ember 2022 
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odified starch in food industry. And the major intension of this study

s to select best modification techique to use modified palmyrah tuber

tarch as a thickner in instant soup mix. This will optimize the underuti-

ization of palmyrah tuber into a industrially viable product. This will

elp to empower the production of palmyrah tuber in Sri Lanka which

irectly influences the rural economy. 

. Materials and methods 

.1. Sample collection 

Fresh matured Palmyrah tubers were collected from the local market

n Jaffna, Sri Lanka. 

.2. Extraction of starch from palmyrah tuber 

Palmyrah tuber was washed with distilled water to remove the con-

aminants, peeled and cut into approximately 1cm cubes. Then ground

n high speed blender for 5 minutes with 1:4 weight/volume distilled

ater and filtered using double fold cotton cloth. Then water was added

o residue 1:4 weight/volume and mixed well and filtered using double

old cotton cloth again. This procedure was repeated for 5 times. The

ltrate was allowed to stand for 24 h for to settle down the starch and

op liquid was decanted and discarded. After that distilled water was

dded to sediment and mixture was stirred again for 4 minutes. Then

op liquid was decanted and discarded. This procedure was repeated

ntil getting the pure starch. Finally, the starch was dried at 55 °C for

vernight and ground, sieved, packed in air tight container ( Hasmadi

t al., 2021 ). This will be called as palmyrah native starch (PNS). 

.3. Preparation of palmyrah modified starch 

.3.1. Preparation of palmyrah pre-gelatinized starch (PPS) 

Pre-gelatinized starch was prepared as mentioned by Tam et al.

2021) with some modification. The starch suspension was made (1:1

eight/volume) in a 250 mL beaker glass. The starch suspension was

eated in water bath 63.0 °C for 5 min ( Yousif et al., 2012 ). The paste

rom the process was dried in an oven at 40 °C for 24 h. Finally, starch

as ground and kept in a bottle. The yield of pre-gelatinized starch from

ative starch was calculated ( Jubril et al., 2012 ). 

.3.2. Preparation of palmyrah acid modified starch (PAS) 

Acid modified starch was prepared as mentioned by Yousif et al.

2012) with some modification. The 50mL of 0.1 mol L − 1 HCl solution

as added to a mixture of 100 g starch and 50 mL deionized water and

ixed for 30 min. Then, the pH was adjusted to 7.0 with 1 mol L − 1 

aOH. Neutralized starch was dried at temperature 40 °C for 24 h fol-

owing washing three times and filtration with Filter Paper No1. Finally,

tarch was ground and kept in a bottle. The yield of acid modified starch

rom native starch was calculated ( Babu et al., 2015 ) 

.3.3. Preparation of palmyrah dextrinized starch (PDS) 

Dextrinized starch was prepared as mentioned in Yousif et al.

2012) with some modification. A weight of 75 g of starch was mixed

horoughly with 60 mL of 0.1 mol L − 1 HCl, and then dried at 50 °C for

2 h. The dried starch was dissolved in 75 mL deionized water and pH

as adjusted to 7.0 by adding 1 mol L − 1 NaOH. The starch was dried

n an oven at 40 °C for 24 h. Finally, starch was ground and kept in a

ottle. The yield of dextrinized starch from native starch was calculated.

.4. Analysis of proximate composition 

Proximate analysis (Moisture, Protein, Ash, fat, crude fibre and car-

ohydrate content of starch samples) was done by AOAC, 2000 method.
2 
.5. Determination of amylose and amylopectin 

Amylose and amylopectin of the starch sample was determined ac-

ording the method described by Ishiwu et al. (2017) . 

.6. Determination of granular morphology 

About 100 mg of starch sample was dispersed in 9.9 mL of distilled

ater and held for 15 min at room temperature with constant stirring

 Onitilo et al., 2007 ). The two drops of starch solution were stained

ith one drop of 0.05% iodine solution (0.05 g of iodine was dissolved

n 100 mL of 1% KI solution) and a thin smear was prepared on a glass

lide with a cover slip. Microscopic measurement of starch granules was

one using light microscope under the magnification power of 400x

 Wijesinghe et al., 2015 ). 

.7. Analysis of particle size 

Particle size analysis of starch was analysis according to the proce-

ure described by Lu et al. (2018) using NANO DS duel light scattering

article size analyzer (Nano DS Sn 110). The concentration of starch

uspension tested was diluted with distilled water to around 1mg mL − ‘1 .

he samples were measured at a scattering angle of 90 °. The wavelength

f the laser used was 660 nm. 

.8. Analysis of functional properties 

Water absorption capacity and oil absorption capacity of starch sam-

les were measured according to the method described by Babu & Pari-

alavalli (2014) . Swelling power and solubility were determined ac-

ording to the method described by Oktaviana & Saepudin (2021) . Gela-

inization temperature was determined according the method described

y Gunorubon & Kekpugile (2012) . Paste clarity of starch samples was

etermined according to the method described by Heebthong et al.

2016) . Synersis of starch sample was determined according to the pro-

edure described by Mtunguja et al. (2016) . Viscosity of starch sample

as determined according to the procedure described by Oktaviana &

aepudin (2021) 

.9. Preparation of vegetable soup mixture 

The instant vegetable soup mix was prepared according to the pro-

edure described by Ranaweera KKDS (2014) with some modification.

 vegetable soup mixture was prepared with steamed and dehydrated

hal (33.33%), blanched and dehydrated carrot powder (20%), leeks

11.47%), tomatoes (6.67%) and garlic (0.8%), salt (4.67%), starch

10%), white pepper (2.67%), cinnamon and curry leaves (0.2 % each).

pproximately 7.5 g of powder was reconstituted with 50 mL of boiling

ater, and simmered for 5 minutes. 

.9.1. Sensory analysis of soup mixture with incorporated starch sample 

PNS, PPS, PAS, PDS and CS (commercially available starch) were

oded as 726, 352, 576, 893, and 291 respectively. The sensory eval-

ation was conducted with 15 trained panelists in Palmyrah Research

nstitute with nine-point hedonic test to measure the sensory properties

f appearance, colour, aroma, texture (thickness), taste, after taste and

verall acceptability. Fried man test in Minitab 17 software was used to

nalyze the sensory data. 

.9.2. Statistical analysis 

Fried man test in Minitab 17 software was used to analyze the sen-

ory data. One way ANOVA in Minitab 17 was used to analyze other

esults 
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Table 1 

Proximate composition analysis of palmyrah native and modified starch. 

Composition (%) PNS PPS PAS PDS 

Recovery Yield (From Native starch) - 80.01 ± 0.33 b 91.96 ± 0.44 a 75.90 ± 1.37 c 

Moisture 10.36 ± 0.22 b 11.36 ± 0.09 a 10.42 ± 0.03 b 10.46 ± 0.17 b 

Ash 0.07 ± 0.00 b 0.07 ± 0.00 b 0.07 ± 0.00 b 0.08 ± 0.00 a 

Fat 0.14 ± 0.00 a 0.12 ± 0.00 c 0.13 ± 0.00 b 0.13 ± 0.01 b 

Crude fiber 0.34 ± 0.01 a 0.25 ± 0.01 b 0.23 ± 0.01 bc 0.19 ± 0.01 c 

Protein 0.53 ± 0.12 a 0.26 ± 0.00 ab 0.18 ± 0.00 b 0.22 ± 0.06 b 

Total carbohydrate 88.08 ± 0.09 ab 87.81 ± 0.28 b 88.43 ± 0.05 ab 88.70 ± 0.13 a 

Amylose 18.77 ± 0.06 c 21.69 ± 0.34 a 20.42 ± 0.42 b 9.2 ± 0.29 d 

Amylopectin 81.23 ± 0.06 b 78.32 ± 0.34 d 79.58 ± 0.42 c 90.80 ± 0.29 a 

Values followed by the same letters in the same row are not significantly different (p ≤ 0.05); PNS: 

Palmyrah native starch, PPS: Palmyrah pre-gelatinized starch, PAS: Palmyrah acid modified starch, 

PDS: Palmyrah dextrinized starch. 
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. Results and discussion 

.1. Preparation of modified starch 

Table 1 shows the yield of modified starch from palmyrah native

tarch (PNS). There was a significant difference between the yield per-

entage of modified starch from PNS (p < 0.05). The recovery yield of PPS

rom PNS was 80.01% which was lower than pre-gelatinized starch pre-

ared from sweet potato starch which was 82.22% ( Jubril et al, 2012 ).

he recovery yield of PAS was 91.96% where the recovery yield of acid-

odified sweet potato starch was 99.30% and 93.71% with 1% and 5%

ydrochloric acid respectively. The recovery yield of PDS was 75.90%

nd it is lower than PPS and PAS. Industries are focused on high recov-

ry yield of modified starch from native starch. Therefore, PAS is more

uitable than PPS and PDS. 

.2. Analysis of proximate composition 

Table 1 shows the proximate composition of native and modified

tarch. The starch must have low moisture content in order for the items

o have a long shelf life. ( Akubor &Igba, 2019 ). The industrial maximum

llowable limit for moisture in starch was 15% ( Benesi et al., 2005 ).

nitial moisture content of all starch samples was below the industrial

ecommended value. 

There was a significant difference in ash content among the PNS and

odified palmyrah tuber starch. There was no significance difference

mong PNS, PPS and PAS in ash content. Yousife et al. (2012) reported,

extrinized corn starch had high ash content (0.90 ± 0.01%) similar to

DS. 

The PNS had high crude fat % than modified palmyrah tuber starch.

ecause the lipids were found in the starch granules as an amylose-lipid

nclusion complex. With polar fatty compounds, such as higher fatty

cids, the linear fraction of starch molecules (amylose) forms helical

lathrates. The amylose-lipid complexes were insoluble, but they dis-

ociate when heated in water over a certain temperature ( Swinckels,

007 ). Chemical modification techniques of starch reduced the fat %

ue to the various degradation ( Lawal, 2004 ). 

There was a significant difference in crude fiber content among the

NS and modified palmyrah tuber starch. When considering the native

nd pre-gelatinized starch of unripen banana fruit, native banana starch

2.43 %) had high crude fiber % than pre-gelatinized banana starch

2.35 %) ( Akubor & Igba, 2019 ). Chemical modification techniques of

tarch reduced the crude fiber % due to the various degradation ( Lawal,

004 ). The crude fiber content of PNS was higher than other native

tarch of tubers such as Manihot esculenta C (0.28 ± 0.01 %) ( Pérez et al.,

005 ). 

The crude protein content of PNS (0.53 ± 0.12 a %) was higher than

PS (0.26 ± 0.00 ab %), PAS (0.18 ± 0.00 b %) and PDS (0.22 ± 0.06 b %).

ut crude protein content of PNS was lower than (2.5 %) reported in

he extraction of starch from Palmyrah dried seed flour by Naguleswaran
3 
t al. (2010) . Native potato starch (0.55 a %) had high crude protein con-

ent than pre-gelatinized (0.42 b %), acid-modified (0.33 d %) and dex-

rinized potato starch (0.35%) ( Gadalla et al., 2014 ). The crude protein

ontent of pre-gelatinized starch was reduced through leaching ( Akubor

 Igba, 2019 ) and due to protein denaturation. Heating of protein above

0 °C, causes breaking of non-covalent bonds such as hydrogen, hy-

rophobic, and hydrostatic bonds that are involved in secondary and

ertiary structure. Acid modification reduces the crude protein content

hrough precipitation ( Falade et al. 2019 ). 

There was a significant difference in total carbohydrate content

mong PNS and modified palmyrah tuber starch. Total carbohydrate

ontent was higher for PDS (88.70 ± 0.13 a %) than PNS (88.08 ± 0.09 ab 

), PPS (87.81 ± 0.28 b %) and PAS (88.43 ± 0.05 ab %). This showed the

evel of purity of the modified starch compared to the native starch. 

.3. Determination of Amylose and amylopectin 

The ratio of amylose to amylopectin was typically consistent for a

iven starch species. The amylose percentage of maize and sorghum

tarch was substantially higher (about 28%) than tuber and root

tarches (potato, tapioca, arrowroot), which contains about 20% amy-

ose ( Swinckels, 2007 ). According to Table 1 , there was a significant

ifference in % amylose among the PNS and modified palmyrah tuber

tarch. Amylose content was high in PPS (21.69 ± 0.34%). The disrup-

ion of starch granule could be the reason for these changes. The in-

rease in amylose content is also found in pre-gelatinized yam, corn,

nd rice starch ( Tam et al., 2021 ). Acid attacks the amorphous regions

f dextrinized starch and break down its glycosidic linkages ( Akin et al.,

014 ). Amylose % decreased with the steeping time and concentration

f acid. Hence, PAS had high amylose percentage than PDS. PDS had the

ighest amylopectin content than native and other modified starch (PPS,

AS). The three major reactions taking place during dextrinization are

lycosidic bond cleavage, glycosidic bond formation, and repolymeriza-

ion ( Maria et al., 2017 ). This may cause the increase in amylopectin

ontent. 

.4. Determination of granular morphology 

The granular shape, starch molecular orientation (polarised light),

nd long-range amylose distribution, as well as content, were all studied

sing light microscopy with Iodine staining ( Blennow et al., 2003 ).The

orphology of PNS, PPS, PAS and PDS granules were showed in Fig. 1 .

NS and modified palmyrah tuber starch granules exhibited spherical,

val, round and irregular globular shape. Native and modified starch

amples were not had a definite shape. PNS and PAS had small, medium

nd large granules. PPS and PDS had medium and large granules. Potato

tarch granules exhibited oval and spherical shape ( Swinckels, 2007 ).

biodun et al. (2018) reported that pre-gelatinized and native trifoli-

te yam starches were similar in granular morphology but acid-treated

tarches have different shape ( Figs. 2 and 3 ). 
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Fig. 1. The images of light microscopic views (400x); a: Palmyrah native starch, b: Palmyrah pre-gelatinized starch, c: Palmyrah acid modified starch, d: Palmyrah 

dextrinized starch. 

Table 2 

Particle analysis of palmyrah native and modified starch. 

Sample D10 (nm) D50 (nm) D90 (nm) Average particle size(nm) 

PNS 3473.1 5953.1 10251.8 6584.1 

PPS 3298.66 5008.5 7573.3 5352.5 

PAS 1290.7 1307.7 1324.7 1307.7 

PDS 5664.8 7143.7 8992.5 7345.8 

PNS: Palmyrah native starch, PPS: Palmyrah pre-gelatinized starch, PAS: 

Palmyrah acid modified starch, PDS: Palmyrah dextrinized starch. 

D10 - The size point below which 10% of the material was contained. 

D50 - The size point below which 50% of the material was contained. 

D90 – The size point below which, 90% of the total volume of material in 

the sample was contained. 
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.5. Analysis of particle size 

Starches were classified into four categories based on the size of indi-

idual granules: Large-above 25 μm, medium – from 10 to 25 μm, small

from 5 to 10 μm, and very small – below 5 μm. ( Molenda et al., 2006 ).

ccording to the present study PNS, PPS and PDS had small granules

ut PAS (1.31 μm) had granules below the range of small granule and

ategorized as very small. 

According to Table 2 & Fig. 2 , Particle size of the PAS was very lower

han PNS, PPS and PDS. Glycosidic linkages in the amorphous part of the

ranule were broken by acid treatment of granular starch and the crys-

alline section was not affected. The degree of acid hydrolysis can regu-

ate the particle size of the products ( Lu et al., 2018 ). Pre-gelatinization

nd acid modification process decreased the particle size of the PNS.

eanwhile dextrinization process increased the particle size of the PNS.

.6. Analysis of functional properties 

According to Table 3 , There was a significant difference in % WAC

mong the PNS and modified palmyrah tuber starch. WAC % of PPS

115.40 ± 1.12 a %) and PDS (96.97 ± 5.39 b %), were higher than PAS

60.53 ± 1.20 c %) and PNS (45.66 ± 0.055 d %). Similarly, Kotanc and
4 
kta(2006), also reported that pre-gelatinization and dextrinization

rocess increased the both water holding capacity of wheat and corn

tarches than native starches. There was a significant difference in %

AC among the PNS and modified palmyrah tuber starch. There was no

ignificance difference between PNS and PPS, PAS and PDS. 

Modification process for palmyrah native starch increased the solu-

ility percentage. The results of solubility of PNS and modified palmyrah

uber starch of present study was similar to the solubility of native and

odified potato starch ( Gadallah et al., 2014 ). Solubility of dextrinized

otato starch was 52.38%, which was higher than native (13.87 %),

re-gelatinized (12.49 %) and acid-thinned (12.52%) at 90 °C. 

There were no significance differences between PPS (4.10 ± 0.09 a )

nd PAS (4.20 ± 0.04 a ) in swelling power and it is higher than PNS

3.47 ± 0.02 b ) and PDS (2.72 ± 0.03 c ). PPS had high swelling power due

o the disruption inside starch granule and rearrangement of starch gran-

le which enable the release of granule content ( Tam et al., 2021 ). 

The percentage of syneresis, which indicates the release of water

rom the starch gel during the freeze-thaw cycle process, was used to

epresent the freeze-thaw stability of starch. High synersis was observed

n PDS (65.99 ± 0.04 a %). Yousif et al. (2012) have also reported that

extrinized potato starch has higher syneresis followed by native, pre-

elatinized and acid-thinned potato starches. PDS was not suitable for

he development of products that require conservation at low tempera-

ure, such as sauces and baked goods. 

The percentage of transmittance (T %) was used to determine the

larity of the starch solution. Starch for thickening fruit pie filling should

e transparency; however, starch for spoonable salad dressing should be

paque. The clarity of starch granules varies significantly depending on

he source of the starch and can be changed chemically. One of the most

mportant properties of starch paste is its clarity. PDS (95.06 ± 0.22 a %)

ad the highest transmittance compared to others. 

The temperature at which starch gelatinizes into a totally translu-

ent gel was known as the gelatinization temperature. More heat is

equired to break it the stronger the intermolecular connection be-

ween the starch molecules, thus the gelatinization temperature is in-

reased ( Gunorubon & Kekpugile, 2012 ). PPS (75.5 °C ± 1.00 bc ) and PAS

72.5 °C ± 1.00 c ) had low gelatinization temperature compared to native
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Fig. 2. Appearance of native and modified Palmyrah tuber starch; a: native starch, b: pregelatinized starch, c: Acid modified starch, d: dextrinized starch. 

Table 3 

Analysis of functional properties of palmyrah native and modified starch. 

Sample WAC % OAC % Average Swelling 

Power % 

Average 

Solubility % 

Transmittance Viscosity 

(mm 

2 s − 1 ) 

Gelatinization 

Temperature (°C) 

Synersis % 

PNS 45.66 ± 0.06 d 81.30 ± 0.45 b 3.47 ± 0.02 b 0.92 ± 0.02 b 48.01 ± 4.63 b 82.4 ± 0.1 b 76.5 ± 1.50 ab 38.97 ± 2.70 b 

PPS 115.40 ± 1.12 a 86.33 ± 1.32 b 4.10 ± 0.09 a 1.27 ± 0.02 b 28.34 ± 1.57 c 85.2 ± 1.13 a 75.5 ± 1.00 bc 24.83 ± 1.97 c 

PAS 60.53 ± 1.20 c 94.63 ± 3.39 a 4.20 ± 0.04 a 1.63 ± 0.22 b 44.20 ± 1.19 b 84.4 ± 0.1 a 72.5 ± 1.00 c 36.76 ± 0.00 b 

PDS 96.97 ± 5.39 b 96.24 ± 2.14 a 2.72 ± 0.03 c 9.67 ± 0.55 a 95.06 ± 0.22 a 4.0 ± 0.1 c 82.27 ± 2.25 a 65.99 ± 0.04 a 

Values followed by the same letters in the same column are not significantly different (p ≤ 0.05); PNS: Palmyrah native starch, PPS: Palmyrah pre-gelatinized 

starch, PAS: Palmyrah acid modified starch, PDS: Palmyrah dextrinized starch. 

5 
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Fig. 3. Radar diagram for median score of sensory. 

(726: Palmyrah native starch, 352: Palmyrah pregelatinized starch, 576: Palmyrah acid modified starch, 893: Palmyrah dextrinized starch, 291: Commercially 

available corn starch). 
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tarch. Omoregie (2020) reported that pre-gelatinized starch exhibit re-

uced gelatinization temperature and time. Decrease in gelatinization

emperature was attributed to depolymerization of the starch molecules,

esulting in a weakened granule organization ( Yousif et al., 2012 ). Time

aken for gelatinization increased to PDS compared to other starch. As

 result gelatinization temperature also increased for PDS. 

There was a significant difference in viscosity among the PNS

nd modified palmyrah tuber starch. The viscosity was high for PPS

85.2 ± 1.13 a mm 

2 s − 1 ) and PAS (84.4 ± 0.1 a mm 

2 s − 1 ). But dextrinization

rocess decreased the viscosity of PNS. Viscosity also increased with the

ncrease in amylose of content of starch. Xie et al. (2009) also reported

hat higher amylose content of starch resulted in a higher apparent vis-

osity over the same shear rate range. 

.7. Sensory evaluation of soup mix 

According to the scores for sensory evaluation ( Fig. 3 ) sensory at-

ributes appearance, aroma, colour, texture, taste after taste and overall

cceptability. PPS incorporated soup mix sample had high score and PDS

ncorporated soup mix had lower sensory score. There were no signifi-

ant differences between PNS, PAS and CS incorporated sample sensory

core in Tukey comparison. 

. Conclusion 

The study revealed that the modification processes can greatly

mprove the physicochemical and functional characteristics of native

tarch and the feasibility of application of modified palmyrah starch as a

hickening agent. The crude protein, lipid and fiber contents of modified

tarches significantly decreased compared to native starch. The viscosity

f starches and the textural properties of starch gels strongly correlated

ith the amylose percentage. The water and oil absorption capacities

f palmyrah starches were significantly increased after the modifica-

ion processes. The dextrinized palmyrah starch showed significantly

p < 0.05) the lowest swelling power and the highest average solubility.

he pre-gelatinized palmyrah starch showed a significantly decreased

evel of syneresis. According to the sensory analysis as a thickner in in-

tant soup, high preference was observed for palmyrah pregelatinized

tarch compared to commercially available corn starch. 
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