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The  aim  of  this  research  was  to  characterize  the composition  and  physical  properties  of  palm  starch
obtained  from  Arenga pinnata  in comparison  with  another  palm  starch  from  Metroxylon  sago.  The  amy-
lose contents  of both  starches  were  not  significantly  different.  Peak  gelatinization  temperature  was  also
similar  at  approximately  67 ◦C, but  arenga  starch  showed  a narrower  range  of  gelatinization  temperature
eywords:
elatinization
welling
iscoelasticity
exture

than  sago.  The  crystallinity  and  swelling  power  capacity  of  arenga  starch  were  lower than  those  of sago.
Arenga  and  sago  starch  paste  at low  concentrations  showed  shear  thinning  behavior,  and  sago  formed  a
more viscous  sol/paste  than  arenga.  The  sol–gel  transition  concentration  of  sago  starch  paste  was  found
at  a  lower  concentration  than  arenga  starch.  At  high  concentrations,  gel  from  arenga  starch  was  more
rigid  than  that  of sago.  The  breaking  properties  and  texture  profile  of both  starch  gels  were  also  clearly
different,  suggesting  that  they  are  suited  for different  applications.
. Introduction

Palm starch is an important source of starch in tropical countries.
t is prepared from the pith of several genera of palms Metroxylon
species Metroxylon sago) and Arenga (species Arenga pinnata). Sago
tarch from M.  sago is the most commonly used and has been exten-
ively studied by various researchers (Mohd Nurul, Mohd Azemi, &
anan, 1999; Ahmad, Williams, Doublier, Durand, & Buleon, 1999;

opade & Kiaka, 2001; Maaruf, Che Man, Asbi, Junainah, & Kennedy,
001; Aziz, 2002; Pei-Lang, Mohamed, & Karim, 2006; Singhal et al.,
008).

Another palm starch, obtained from A. pinnata or sugar palm is
n economically important palm species in Indonesia. In Indonesia,
ugar palm plantations cover 244.76 km2 spread in 14 provinces
Effendi, 2010). Besides yielding sugar, sugar palm provides many
seful products. Almost all parts of the plant are utilized (root, stem,
bers, leaves, sap from flowers, and fruit). Palm sugar produced

rom the nira sap of the inflorescence is the main product of A.
innata. The sap is produced when the tree converts its starch into
ugar to allow for the development of inflorescence. Arenga starch
s usually processed when the tree is unproductive in terms of sugar
nd fruit. The production method is similar to that of sago starch

nd is often sold commercially under the same name. Wina, Evans,
nd Lowry (1986) reported that the starch content (fresh weight
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basis) of arenga ranged from 10.5% to 36.7% whereas that of sago
ranged from 18.8% to 38.8%.

Sago starch has a multitude of uses in both food and non-food
applications. In food processing, sago starch has been used as a
stabilizer and thickener (Singhal et al., 2008). On  the other hand,
information about the characteristics of the physicochemical and
functional properties, and application of arenga starch is still very
limited. In West Java, several local wet  noodle industries specifically
prefer arenga starch to sago starch.

The choice of starch source for processing technology and
starch-based product application depend on the functional prop-
erties of starches including thickening behavior and forming a gel
or paste. The textural properties of the gelatinized and retrograded
starches are important for their potential use in food systems and
depend on the molecular component and structure of the starch
(amylose and amylopectin). Amylose leads to higher viscosity
values and more pronounced shear thinning behavior (Conola &
Buleon, 2010). The presence of amylose in the continuous phase
surrounding the swollen granules results in the formation of a
strong gel on cooling (Liu, 2005). Waxy starch, which mainly
consists of amylopectin, has a soft or sticky texture of gel or
paste after gelatinization. The swelling ability also contributes
to important characteristics of most starchy food products such
as rheological behavior (Srichuwong, Sunarti, Mishima, Isono, &
Hisamatsu, 2005b).

The aim of this research was to characterize the composi-

tion and physical properties of arenga starch in comparison to
sago starch. Each type of starch was designed into two types
of starch–water system, i.e. paste obtained from heated starch
suspension at a low ratio of starch and gel from that at a high ratio.
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his information will provide useful insights into the potential
pplications of arenga and sago starches in the food industry, at
oth domestic and industrial scales.

. Materials and methods

.1. Materials

Arenga (A. pinnata) starch was obtained from an arenga starch
rocessor in Sukabumi, whereas sago (M.  sago) starch was obtained
rom Bogor, West Java, Indonesia. The starches were then further
urified by washing, filtering, decantation, and drying.

.2. Composition analysis

The standard AOAC method (Official methods of analysis, 1998)
as used to measure moisture, ash, and protein (using a conver-

ion factor of 6.25 from nitrogen content). Lipids were extracted
ith hexane using the Soxhlet method for 6 h. The samples
ere hydrolyzed with HCl before lipid extraction. Starch and

mylose contents were analyzed by using commercial kits. The
myloglucosidase/�-amylase method K-TSTA (Megazyme Interna-
ional Ltd., Ireland) was used for the total starch assay, whereas a

egazyme kit for amylose/amylopectin assays K-AMYL was  used
o measure amylose content.

.3. Differential scanning calorimetry (DSC)

Thermal properties were analyzed using an SSC5200H sys-
em with a DSC120 module (Seiko Instruments, Chiba, Japan)
s described by Kohyama and Nishinari (1991) and Lu, Sasaki,
obayashi, Li, and Kohyama (2009).  Starches (approximately
0 mg)  were weighed in a 70 �l silver pan. Distilled water was
dded with micro syringe to adjust moisture content to 70% (wet
asis). The pan was sealed hermetically and allowed to stand for
4 h at room temperature before measurement (Yu & Christie,
001). Another pan containing water (21.19 mg)  was used as a ref-
rence. The sample and reference pans were heated at 1 ◦C/min
rom 30 ◦C to 130 ◦C. Melting points and enthalpies for indium and
in were used for calibration. The onset (To), peak (Tp) and conclu-

ion (Tc) temperature were determined as illustrated in Fig. 1. The
nthalpy of gelatinization (�H) was calculated as the peak area of
he endothermic curve and it was expressed in J/g dry starch. The
SC measurement were performed in five replications.

ig. 1. DSC thermograms of sago and arenga starches. Starch concentration is 30%
w/w). Heating condition of DSC is from 30 ◦C to 130 ◦C at a constant rate of 1 ◦C/min;
ater as a reference. The DSC parameters are shown.
lymers 92 (2013) 2306– 2313 2307

2.4. X-ray diffraction

The crystal structure and crystallinity of starch samples were
studied using an X-ray diffractometer (Maxima XRD 7000, Shi-
madzu, Kyoto, Japan) with a copper anode X-ray tube at 40 kV and
30 mA.  The monochromatic radiation wavelength was  0.154 nm.
The starch sample was  packed into 25 mm (dia) × 1 mm (d) alu-
minum sample holder for analysis. The scanning region of the
diffraction angle (2�) was adjusted from 3◦ to 35◦. The other oper-
ation condition were as follows: scanning rate at of 2◦/min, step
interval 0.02◦, divergence and scatter slit 1◦ (Cheetam & Tao, 1998).
Relative crystallinity (%) is defined as the peak area ratio of the
crystalline component and was calculated using Rietveld analysis
software developed by Shimadzu. Duplicate measurements were
performed at ambient temperature (25 ◦C).

2.5. Swelling power

The swelling power of starches was  measured according to
Huang and Lai (2010) with some modification. Distilled water
(1.5 ml)  was added to 20 mg  starch (W1) in a 2.0 ml Eppendorf
tube and mixed using a vortex mixer. The starch and water sus-
pension were then heated in a water bath at 40 ◦C, 50 ◦C, 60 ◦C,
65 ◦C, 70 ◦C, 80 ◦C and 90 ◦C for 30 min. The tubes were mixed by
inverting them twice every 5 min during the incubation period. The
tubes were cooled at room temperature and then centrifuged at
13,000 × g for 10 min. The supernatant was  separated from sed-
iment and dried to constant weight (W2) at 130 ◦C for 2 h. The
sediment was  weighed (W3). The water soluble index (WSI) and
swelling power (SP) were calculated according to Li and Yeh (2001)
and the data were reported as averages of three replications.

WSI(%) = W2

W1
× 100

SP(g/g) = W3

W1
(100 − WSI)

2.6. Rheological properties

Rheological properties were measured using a stress-controlled
rheometer (AR-G2, TA Instruments, New Castle, USA).

2.7. Viscometric flow

Viscosity was measured for 2% (w/v) and 3% (w/v) of starch paste
system. Starch paste was prepared by weighing starch and adding
water followed by gently stirring for 15 min at room temperature
and continuously heated and stirred at 80–85 ◦C for another 15 min.
The measurement was  conducted in a continuous flow test using
a cone and plate geometry with a cone angle of 0◦58′51′′ and a
diameter of 40 mm at 25 ◦C after the samples had been cooled to
room temperature (25 ◦C). The shear rate range was set from 0.01
to 10,000 s−1, and measurement time was  2 min. Viscometric flow
measurement was  performed in three replications.

2.8. Viscoelastic properties

Dynamic viscoelastic properties were measured in frequency
sweep and oscillatory stress sweep tests. The frequency sweep test
was conducted to determine transition from sol (liquid state) to

gel (solid-like) at low starch concentrations of starch paste from
1% (w/v) to 3% (w/v). Starch paste preparation and cone geometry
were the same as viscometric flow measurement. The frequency
range was raised from 0.01 to 100 Hz at a constant temperature of
25 ◦C and constant oscillatory stress in linear region (1 Pa). Linear
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iscoelastic region was determined when viscoelastic moduli
G′ and G′′) were constant or plateau region during oscilation
tress.

Oscillatory stress sweep tests were conducted for starch paste
2–6% (w/v) concentration of starches] and starch gel [10% (w/v)
nd 20% (w/v) concentration of starches]. Preparation of starch
aste [2–6% (w/v) of starches] was the same as for viscometric flow
est. For gel preparation, 10% (w/v) and 20% (w/v) starch suspensins
ere gently stirred for 15 min  at room temperature, and heated at

0–85 ◦C for 30 min. The hot starch paste were poured between two
lass plates with a spacer of 2 mm and cooled at room temperature
or 2 h to form gel. The oscillatory stress for the starch paste sam-
le was set from 1 to 100 Pa at a constant temperature of 25 ◦C and
onstant frequency of 1 Hz using a 40 mm parallel plate geometry;
he gap was set at 1000 �m for paste or as gel thickness. The oscil-
atory sweep test for starch gel was conducted using 20 mm plate
eometry from 1 to 10,000 Pa at a constant temperature of 25 ◦C
nd constant frequency of 1 Hz. The values of the storage modu-
us (G′, Pa), loss modulus (G′′, Pa), and tan delta (tan ı = G′′/G′) were
alculated.

.9. Texture analysis

Starch gels were subjected to texture analysis. A 10% (w/v, dry
asis) of starch suspension was stirred at room temperature for
5 min  followed by continuous heating at 80 ◦C for 30 min. The
amples were poured into plastic cylinders (diameter of 23 mm and
eight of approximately 15 mm),  and cooled to room temperature.
he gels were stored in a refrigerator at 10 ◦C overnight, and then
tored at room temperature for 1 h before measurements were per-
ormed. The duplicate preparation of five specimens were tested for
ach sample.

Textural properties were measured using a Texture Analyzer
TA-XT plus, Stable Microsystems, Godalming, UK) equipped with

 load cell of 50 N. Two types of compression tests, a uniaxial
ompression test and texture profile analysis (TPA), were per-

ormed using a compression plate with a diameter of 100 mm
P/100).

In the uniaxial compression test, starch gel was compressed
t a constant speed of 1 mm/s  until the strain reached 90% of its

ig. 2. Uniaxial compression curves for 10% (w/v) arenga (- - -) and sago (–––) starch gels
he  curves are shown and the definition of the adhesive force is shown. The insets are the
t  the shoulder point.
lymers 92 (2013) 2306– 2313

original thickness. The pre-test and post-test speeds were 2 mm/s
and the trigger force was  at 0.01 N. The mechanical stress (Pa)
was calculated as the force divided by the initial cross sectional
area (415 mm2) of the sample, and strain (%) was defined as the
ratio of deformation to initial height. The work was calculated as
the area under force–distance curve (N mm).  The shoulder point
was defined as the peak of the first derivative of force–strain
curve (see Fig. 2 insets). The breaking point was  determined by
the first reduction of force or first peak in the force–strain curve.
The stress, strain and work at the shoulder, and breaking points
and stress value at each 10% strain up to the shoulder point were
extracted. The force values at 70% and higher strains, and work
until 90% strain were also measured to characterize the texture of
sample gels after broken. The adhesive force (N) was  defined as
the maximum negative force measured while the plate was  pulled
away from the sample. The breaking point, shoulder point, and
adhesive force are illustrated in Fig. 2.

For TPA (texture profile analysis) experiment, the starch gels
were compressed twice at a test speed of 1 mm/s  until 50% strain.
A deformation level of 50% was  applied after a preliminary test
to determine the maximum strain level before destruction of the
starch gels. Originally, the samples were usually subjected to large
deformation (75–80%) in TPA experiments. However, Pons and
Fiszman (1996) recommended using a deformation level between
20% and 50% in starch gel food system, because under large
deformation, the samples collapsed and invalid parameters were
obtained. A small deformation level (25%) during TPA testing of
starch gels was  also applied by Huang, Kennedy, Li, Xu, and Xie
(2007) and Teng, Chin, and Yusof (2011) to avoid total destruc-
tion of the gel structure during the first compression. On the basis
of the breaking strain information from the uniaxial compression
test, 50% strain was  applied in our experiment.

The time interval between compression cycles was  10 s, post-
test speed was  5 mm/s  and the trigger was 0.01 N. TPA parameters
were determined according to Bourne (2002).  Hardness (N) was
defined as the maximum force measured during the first compres-

sion. Cohesiveness was measured as the work, which is the area
under the force–distance curve during the second compression
divided by the work during the first compression. Adhesiveness
was defined as the negative force area after the first simulated bite

. Gels are compressed at 25 ◦C and 1 mm/s  until 90% strain. Some specific points of
 first derivative of force versus strain, which was used to determine the strain value
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Table 1
Composition of arenga and sago starches.

Component Arenga Sago p (t-test)a

Moisture (% w/w) 9.03 ± 0.00 9.17 ± 0.00 0.690
Ash (% w/w) 0.20 ± 0.00 0.16 ± 0.00 0.032
Protein (% w/w) 0.10 ± 0.00 0.08 ± 0.00 0.023
Fat (% w/w) 0.27 ± 0.00 0.24 ± 0.00 0.014
Starch (% w/w) 86.8 ± 1.74 87.6 ± 2.50 0.487
Amylose (% w/w starch) 36.6 ± 1.55 37.0 ± 1.46 0.707
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ean and standard deviation of two or three replicates.
a Probability value from t-statistic test.

epresented by the work necessary to pull the plate away from the
ample.

.10. Statistical analysis

Statistical analysis was conducted using t-test (two tails) for
wo samples of unequal variance (Microsoft Excel). The probabil-
ty values for no-difference between sago and arenga samples are
resented as p(t-test).

. Results and discussion

.1. Composition of arenga and sago starches

The composition of arenga and sago starches is presented in
able 1. Both starches have very low protein contents of 0.10%
w/w) and 0.08% (w/w) for arenga and sago starch, respectively. Fat
ontents of both starches were also low at 0.27% (w/w)  and 0.24%
w/w), respectively. Ahmad et al. (1999) reported crude protein in
ago starch varied from 0.13% (w/w) to 0.25% (w/w), whereas crude
at content varied from 0.10% (w/w) to 0.2% (w/w). The quantities
f starch in arenga and sago were 92.7% (w/w) and 93.8% (w/w) dry
eight, respectively. The amylose content of sago starch was  36.6%

w/w), whereas arenga starch had an amylose content of 37.0%
w/w). The amylose content of the two types of Indonesian palm
tarch derived from different genera (Metroxyllon and Arenga) were
ot significantly different (p > 0.05).

.2. Gelatinization properties

Gelatinization characteristics of arenga and sago starch were
easured by DSC as To, Tp, Tc and �H  (Table 2 and Fig. 1).

here were significant differences in gelatinization characteristics
etween arenga and sago starch. The Tp values for arenga and
ago starches were detected at approximately the same value of
7 ◦C, although the Tp of arenga starch was statistically signifi-
antly higher (p < 0.001). Ahmad et al. (1999) and Maaruf et al.
2001) reported that Tp of sago starch measured using DSC was

pproximately 70 ◦C.

In general, the endothermic curve of sago starch was  wider
han arenga starch and the melting temperature range (Tc − To)
f sago starch was significantly larger than that of arenga starch,

able 2
elatinization characteristics of arenga and sago starches of 30% (w/w).

Gelatinization parameters Arenga Sago p (t-test)a

T0 (◦C) 63.0 ± 0.12 58.1 ± 0.28 0.000
Tp (◦C) 67.7 ± 0.07 67.3 ± 0.21 0.017
Tc (◦C) 74.6 ± 0.42 79.4 ± 0.88 0.000
Range (Tc − To) (◦C) 11.6 ± 0.49 21.3 ± 0.79 0.000
�H  (J/g) 15.4 ± 0.25 16.4 ± 0.24 0.001

eating rate of 1 ◦C/min.
ean and standard deviation of five replicates.
a Probability value from t-statistic test.
Fig. 3. X-ray diffraction pattern for arenga and sago starches. Moisture contents are
9.03% (w/w,  db) for arenga and 9.17% (w/w, db) for sago, respectively.

as is clearly shown in Fig. 1. The �H of arenga starch was sig-
nificantly smaller than that of sago starch, although both starches
have similar amylose contents. This result could be caused by the
difference in amylopectin crystalline structure. The �H primar-
ily reflects the loss of molecular (double-helical) order (Cooke &
Gidley, 1992). Tester and Morrison (1990a) postulated that the DSC
gelatinization endotherm gives a measure of the crystalline quality
(effectively double helix length) from Tp and overall crystallinity
(quality × quantity) from �H. Gelatinization behavior measured
by DSC was  reported to be highly dependent on the amylopectin
unit-chain length distribution in rice starch (Vandaputte, Derycke,
Geeroms, & Delcour, 2003a)  and starches from different botan-
ical sources (Srichuwong, Sunarti, Mishima, Isono, & Hisamatsu,
2005a).

3.3. X-ray diffraction

The X-ray diffraction of arenga and sago starches (Fig. 3) showed
similar C-type patterns. Both starches showed four strong peaks at
2� values of around 15◦, 17◦, 18◦, and 23◦. The crystalline structure
of sago starch has already been reported to be C-type (a mixture
of A- and B-type diffraction) (Ahmad et al., 1999; Pukkahuta &
Varavinit, 2007; Karim et al., 2008). Karim et al. (2008) reported
that the native sago starch showed strong peak at 2� of 15.3◦, 17.3◦,
18.3◦, and 23.5◦. The relative crystallinity of arenga starch (23.5%)
was significantly lower (p < 0.05) than that of sago (27.5%). The crys-
tallinity values correlated well with �H  from the DSC experiments
mentioned above. The �H of arenga and sago starches were 15.4 J/g
and 16.4 J/g, respectively.

3.4. Swelling power

The temperature dependence of the swelling power and sol-
ubility index are shown in Fig. 4. The swelling power increased
significantly when heating temperature was  70 ◦C. The same result
for sago starch was  reported by Srichuwong et al. (2005b) who
showed that swelling power showed increased significantly at
70 ◦C. This could be associated with the gelatinization properties
of both starches. Arenga and sago starches have similar Tp val-
ues of approximately 67 ◦C. Li and Yeh (2001) found that swelling
power correlated well with ratio of heating temperature (T) to Tp
or T/Tp for various starches and Tp was  a good reference point for
considering temperature effects.

The swelling capacity of sago starch was  higher than that of
arenga starch. It is related to �H, where the �H of sago starch was

significantly greater than that of arenga starch as mentioned above.
Sasaki and Matsuki (1998) found a positive correlation between
swelling power and enthalpy. Tester and Morrison (1990b) sug-
gested that maximum swelling factor (swollen volume/initial
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ig. 4. Swelling power and water soluble index (WSI) of arenga (�) and sago starc
0  min.

olume) may  be related to the molecular weight and shape of
he whole amylopectin molecule. Vandaputte, Derycke, Geeroms,
nd Delcour (2003b) and Srichuwong et al. (2005b) also reported
hat swelling power was affected by the structural aspect of amy-
opectin.

The temperature dependency of the water solubility index (WSI)
nd that of the swelling power were consistent. Upon increasing the
emperature in the presence of water, the mobility of the starch

olecules increases, weakening the binding forces; thus, a parallel
ffect is obtained in both the swelling capacity (water diffusion into
he starch granules) and solubility (Lawal et al., 2011).

.5. Rheological properties

The viscometric flow test of 2% (w/v) and 3% (w/v) arenga and
ago starch pastes showed shear thinning behavior where viscosity
ecreased with an increase in shear rate (Fig. 5). Conola and Buleon
2010) stated that at low concentration of starch (<10%, w/w)  pastes
rom starch exhibit shear thinning with thixotropic behavior. The
iscosity of starch suspension is strongly influenced by the swelling
f starch granules (Liu, 2005). Sago starch paste was considerably
ore viscous than arenga starch. The swelling power of sago starch

as higher than that of arenga starch as mentioned above, which

uggests that the higher swelling power of sago starch granules
ontribute to the higher viscosity of its paste. The loss of free water

ig. 5. Viscosity profile of arenga and sago starch pastes. The shear rate is raised
rom 0.01 to 10,000 s−1 for 2 min  at 25 ◦C. The concentration of arenga starch paste
as  2% (�) and 3% (�) and sago starch paste was 2% (�) and 3% (�).
). Starch (20 mg)  is dispersed in 1.5 ml  of water and heated from 40 ◦C to 90 ◦C for

and restriction of water flow, due to enormously swollen granules
occupying more space, contribute to the increased viscosity of the
starch system (Srichuwong et al., 2005b).

A frequency sweep test was performed to determine the sol–gel
transition concentration of starch paste. The sol–gel transition is a
state change from sol or liquid state where loss modulus, G′′, is
dominated to the gel or solid state where storage modulus, G′, is
dominated. Fig. 6 shows the differences between sol and gel char-
acteristics of two concentrations of arenga and sago starch pastes.
Sol characteristics were shown by 2.1% (w/v) arenga and 1.6% (w/v)
sago starch pastes, which exhibited a significant dependency of G′

and G′′ on frequency; G′ was  smaller than G′′ for the lower fre-
quency range (<10 rad/s). Gel characteristics were shown by 2.4%
(w/v) arenga and 1.8% sago starch pastes, which showed lower
dependency of G′ and G′′ on frequency and G′ is always higher than
G′′. A gel can be defined as an intermediate state between a liquid
and solid like rheological behavior. A gel should exhibit a solid-like
mechanical spectrum (that is, G′ > G′′) throughout the experimen-
tally accessible frequency range and little frequency dependence of
the moduli (Ikeda & Nishinari, 2001; Nishinari, 2009).

Fig. 7 shows changes in tan ı during the frequency sweep for
arenga and sago starch pastes. The tan ı in frequency sweep tests
was independent at concentrations of 1.8% (w/v) for sago and 2.4%
(w/v) for arenga starch pastes. The dependency of G′, G′′ and tan ı
on the frequency sweeps in Figs. 6 and 7 clearly showed that sago
starch can form gel or solid-like state at a lower concentration than
arenga starch. Therefore, sago starch is more suitable as a thickener
because lesser quantity will be required to obtain a paste (thick
solution) as compare with arenga starch, which was  also shown by
the viscometric flow (Fig. 5).

Fig. 8 shows the storage modulus (G′) and loss modulus (G′′)
of arenga and sago starch pastes at concentration 2–6% (w/v) and
starch gels at 10% and 20% (w/v) derived from oscillation sweep test.
At low concentrations 2–4% (w/v), G′ and G′′ of arenga starch paste
were lower than that of sago. Arenga and sago starch pastes would
have the same storage modulus at concentrations of approximately
4.5% (w/v). Above this point, the G′ and G′′ values of arenga starch
increase more significantly than that of sago starch. An increase of
G′ indicates increasing rigidity of the sample associated with the
capability to form of the elastic gel structure after cooling. At high
concentrations of starch (10% and 20%, w/v) in the gel form, arenga
starch was  more rigid gel with a higher elasticity modulus than

sago starch.

The data from Fig. 8 provide valuable information for the differ-
ent applications of arenga and sago starches. The low concentration
experiment results strengthen the conclusion, from viscometric
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Fig. 6. Frequency dependence of storage G′ (�) and loss G′′ (�) moduli of arenga (a) and sago (b) starch pastes. Frequency is raised from 0.01 to 100 Hz  under a constant
oscillatory stress of 1 Pa at 25 ◦C. The sol characteristics are shown for the concentration, in % (w/v), of arenga (2.1) and sago (1.6), whereas the gel characteristics are shown
for  arenga (2.4) and sago (1.8).
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ig. 7. Frequency dependence of tan ı of arenga (a) and sago (b) starch pastes. Test c
n  % (w/v), of arenga (2.1, 2.2 and 2.3) and sago (1.6 and 1.7). The gel characteristics

ow and frequency sweep tests, that sago starch will produce a
ore viscous and elastic solution than arenga starch. As a thick-

ner, sago starch is better than arenga starch. However, at high
oncentration (above 5%), arenga starch will produce a more rigid
nd elastic solid-gel than sago starch.

The differences in rheological properties between arenga and
ago starches are mainly caused by the differences in the swelling
ower capacity that is related to crystalline quality of amylopectin

�H, Tc − To and relative crystalinity). The structure of amylopectin
lays a critical role in the differences of rheological properties
etween arenga and sago starches because there was  no significant
ifference in amylose and amylopectin ratio between two starches.

ig. 8. Storage (G′) and loss (G′′) moduli of sago and arenga starch pastes at 2–20%
w/v) concentrations from oscillation stress sweep (1–10,000 Pa) at 25 ◦C and 1 Hz.
�)  G′ of arenga; (�) G′′ of arenga; (�) G′ of sago; (�) G′′ of sago.
ons are the same as in Fig. 6. The sol characteristics are shown for the concentration,
own for arenga (2.4) and sago (1.8).

The structural aspects of amylopectin need to be further evaluated,
such as amylopectin chain length distribution.

3.6. Textural properties

The simple compression curve derived from uniaxial compres-
sion test of 10% (w/v) arenga and sago starch gels is presented in
Fig. 2. Arenga starch gel exhibited a clear breaking point that was

determined as a maximum point of first peak, and it was detected at
60.1% of strain. The corresponding points could not be determined
for sago starch gel. The shoulder point, the strain was defined as
the peak in the first derivative of compression force was derived as

Fig. 9. Texture profile analysis (TPA) curves of 10% (w/v) arenga (- - -) and sago (–––)
starch gels at 25 ◦C and 1 mm/s until 50% of strain.
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Table  3
Mechanical properties of 10% (w/v) arenga and sago starch gels from uniaxial com-
pression test at 25 ◦C and 1 mm/s  until 90% of strain.

Mechanical parameters Arenga Sago p (t-test)b

Stress at 10% strain (kPa) 0.61 ± 0.10 0.41 ± 0.04 0.000
Stress at shoulder point (kPa) 23.0 ± 3.65 15.5 ± 0.96 0.000
Strain at shoulder point (%) 54.4 ± 3.54 59.1 ± 2.28 0.003
Work until shoulder point

(N mm)
20.2 ± 1.80 14.1 ± 0.82 0.000

Breaking stress (kPa) 29.8 ± 2.64 nda –
Breaking strain (%) 60.1 ± 2.61 nda –
Work until breaking point

(N mm)
29.6 ± 2.45 nda –

Compressive force after
breaking at 70% strain (N)

8.77 ± 0.59 9.97 ± 1.11 0.032

Compressive force at 90%
strain (N)

43.8 ± 2.34 44.0 ± 3.89 0.869

Work until 90% strain (N mm) 108  ± 6.11 90.3 ± 8.37 0.000
Adhesive force (N) −3.64 ± 0.96 −8.99 ± 1.57 0.000
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Table 4
Texture profiles analysis (TPA) of 10% (w/v) arenga and sago starch gels at 25 ◦C and
1  mm/s  until 50% strain.

TPA parameter Arenga Sago p (t-test)a

Hardness (N) 7.02 ± 0.51 3.05 ± 0.31 0.000
Cohesiveness 0.85 ± 0.02 0.87 ± 0.02 0.024
Adhesiveness (N s) −0.77 ± 0.14 −0.53 ± 0.12 0.003
ean and standard deviation of five replicates.
a Not detected.
b Probability value from t-statistic test.

 common specific point. Sago starch gel did not show a maximum
oint in the compression force curve; however, its deformation
ould be seen as a shoulder-shaped change in the compression
urve and the peak from first derivative of compression curve. The
houlder point of sago starch gel was detected at 59.1% strain, that
as below the breaking point, whereas that of arenga starch gel
as found at 54.4% strain (Table 3).

Table 3 shows the mechanical properties of arenga and sago
tarch gel derived from the uniaxial compression (force–strain)
urve. The stress value at 10% strain for arenga starch gel was sig-
ificantly greater than that for sago starch (p < 0.05) and similar
esults were found at any strain level below the shoulder point
data not shown). This fact is consistent with the rheological data
howing that elastic modulus (G′) of 10% (w/v) arenga starch gel was
igher than that of sago starch. After the gels were broken or frac-
ured, there were no significant differences in compression force
t 60–90% strain between arenga and sago starch gel (p > 0.05). The
verall work or compression energy until 90% strain, arenga starch
el was significantly higher than that of sago starch.

The mechanical properties measurements were conducted to
etermine the resistance of starch gels to intense stress during
rocessing. For example, starch was gelatinized, mixed and stirred
ith un-gelatinized starch to form non-sticky dough during starch
oodle processing. The dough was then extruded through the holes
o form noodles (Tan, Li, & Tan, 2009). Arenga starch gel had a higher
esistance during processing to form a gel food or dough because
he work or energy to deform starch gel was significantly higher in
renga starch gels which were also less adhesive than that in sago
tarch. The work value until the shoulder point of arenga starch
el was 20.2 N mm,  while that of sago starch was 14.1 N mm.  Those
ifferent properties may  be the reason why arenga starch has been
referred to sago starch for making noodles, in the area of West

ava in Indonesia.
The TPA (texture profile analysis) was conducted (Fig. 9) to

escribe the procedure of compressing bite-size pieces of food
sing a mechanical device, and to analyze the force–time curve
esulting from simulated mastication (Bourne, 2002). The TPA
arameters showed that hardness was the main textural property
ifference between arenga and sago starch gels (Table 4). The hard-
ess of arenga starch gel was significantly higher than sago starch
p < 0.001). The cohesiveness value for gels of both starches were

imilar (0.85 and 0.87). Cohesiveness indicates how the sample
etains its structure after the first compression (Teng et al., 2011).

The adhesive properties of arenga and sago starch gels obtained
rom uniaxial compression test and TPA test differed. Adhesive
Mean and standard deviation of five replicates.
a Probability value from t-statistic test.

force in the single compression test was  calculated after a large
deformation (90% strain) to mimic  chewing conditions (Kohyama,
Hanyu, Hayakawa, & Sasaki, 2010), whereas adhesiveness in the
TPA test, to evaluate gels before breaking point (50% strain), indi-
cates difficulty in handling before gels are eaten. As there was  no
breakdown of either of the starch gels at up to 50% strain, the adhe-
siveness and cohesiveness of both starches could be compared. The
adhesiveness of arenga starch gel was slightly higher than that of
sago starch under small deformation, however, following break-
down the arenga starch gel was  less adhesive than sago starch.
These observations suggest that arenga starch can make a firmer
and more adhesive gel than sago at the same concentration. There-
fore, an appropriate gel for the desired use can be made with a lower
concentration of arenga starch, and arenga starch would produce
a less adhesive gel in the mouth than sago. Sensory properties of
these gels need to be further evaluated for the practicality.

4. Conclusions

The two different types of palm starches (Arenga pinnata and
Metroxylon sago) did not show significant differences in their chem-
ical compositions, total amylose contents and peak gelatinization
temperatures (Tp). However, rheological properties, including vis-
cosity of starch paste and viscoelastic behavior of starch paste
and gel, and textural properties of starch gel especially in break-
ing pattern, adhesiveness and hardness, of both starches differed
significantly. Variations in the rheological properties and textural
properties between arenga and sago starch pastes and gels were
caused by significant differences in their swelling power, related to
the amylopectin crystalline qualities, measured as �H,  Tc − To and
relative crystallinity. Considering the rheological and textural prop-
erties, sago starch is more suitable for use as a thickener because
it produces a more viscous, thicker solution at a low concentration
than arenga starch. However, arenga starch is more appropriate for
producing starch gels or starch doughs than sago starch because it
forms a firmer, more resistant gel at concentrations above the gel
point.
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