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Abstract— Triple mixed of glutinous rice flour, coconut milk, and palm sugar paste with ratio of 1.0:2.5:0.5, 1.0:2.0:1.0, 1.0:1.5:1.5,
1.0:1.0:2.0, 1.0:0.5:2.5 were studied using rapid visco-analyzer (RVA), rheometer, and polarized light microscope to investigate its
pasting properties, flow behavior index, dynamic rheology, and microstructure respectively. The power-law and Herschel-Bulkley
models were used to evaluate its steady rheological properties. The RVA profile shows low viscosity profile and low breakdown
viscosity for all ratio of dodol ulame paste. The lowest breakdown viscosity occurred at the ratio of 1.0:2.5:0. Meanwhile, the highest
setback viscosity occurs at the ratio of 1.0:0.5:2.5. Indicating the highest rigidity due to high sugar content. The apparent viscosity
decreased with increasing shear rate for all triple mixed exhibited a typical shear-thinning behaviour (n<1) of the system. Increasing
the proportion of coconut milk decreased the consistency coefficient, k, and increased the flow behaviour index, n of the system. The
dynamic rheology resulted in the higher G” value over the entire frequency. Maltese crosses disappeared at 90 °C for the ratio of
system 1.0:0.5:2.5 and 1.0:1.0:2.0 and 80 °C for the ratio of system 1.0:1.0:2.0, 1.0:1.5:1.5 and 1.0:1.0Th@.study suggests that
coconut milk and palm sugar had an important role on the rheology oflodol ulame paste, consequently it affects the gelatinization,
viscosity, and gel-like behaviour of the glutinous rice flour, coconut milk, and palm sugar mixed system. Further study on the
preference and nano structure is undertaken to reveal its possibility to produce better qualiodol ulame.

Keywords— apparent viscosity; dynamic rheology; gelatinization; flow behavior; starch.

made from white glutinous rice flout (GRF), coconut milk
I. INTRODUCTION (CM), and palm sugar (PS). It was a complex system a
particular involving starch, fat, sugar and other component.

Rheolo lays an important role in food system because . X oY X
dy p ay P 4 Processingdodol ulame in principle entails structural

rheology is often used in studying the structure of materials
i ying modification which depending on the formulation and

[1] and reveals the key factors to produce good quality and . 2
mouthfeels of foods. The processing, shelf life, appearance,process conditions. ~ The principle step agdol ulame

texture, and mouthfeel of this food product are influenced by making is b_oiling all ingredients mix together until it t“m_ed
the rheology of its system [2]. For that reason, it can be used"t® a th'Ck_ p?]Ste‘ Starch fwhen heated a'lltl %”t'c‘gl
to identify the process of designing, quality control, stability temperatures In the presence of excess water will absorb a
measurements of the product, and products developmen ater, swell and dissolve in a s_olutlon marked b_y_ IOS.S of
with target textures [3]. Rheology of the system is dependentG'relf”.nge Bl ;Pe cha;]ngeg is called gelatlmzatlon(.j
on its constituents. Each constituent has its certain functionaC€'alinization —affects the increase in  viscosity and
properties, creating a complex multi-component system thatr.heologlcal properties of starch as indicated by an increase in
influenced the flow behavior and viscosity of the emulsions. "MNEsS or rigidity [6].

Each constituent also plays important roles and brought The presence of CM ar)d PS in tedol uIamemlxtl_Jrg .
some rheological impacts on the products texture andsSystem s thought to have influenced the starch gelatinization

microstructure. Moreover, each constituent is also interactedP9¢€SS: Several studies have shown that sugar af'fec_ts_ _the
to each other and influencing the thermal and physical gelat!n!zat!on temperature and caused the delf_;ly_ on the intial
properties of the system, which are manifested in thegelapmzaﬂon point of the starch [7], [8]. L'p.'d affected
product’s structure, appearance, mouthfeel, and final tast?@sting properties (_)f,StarCh’ bl.Jt the .EffeCt was influenced by
[4]. Starch, fat, and sugar were majority ingredient on the Iength_ of the lipid’s fa_\tty at_:ld chain [9]. Sugars were also
Indonesia traditional food likelodol ulame Dodol ulame found to increase the viscosity of wheat starch—milk paste
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and caused the apparent viscosity of the wheat starch-milk-C. Pasting Properties.

sugar paste higher than the viscosity of wheat starch-water— pasting properties of glutinous rice flour were determined
sugar pastes [1(_)]. At 5% starch concentration and 0-6%ysing a Rapid Visco Analyzer (Model RVA-4D, Newport
sugar concentration, starch flow index approaching unity (n scientific, Narrabeen, Australia) interfaced with the attached

= 1), the increase in sugar concentration and constant heatingomputer equipped with thermocline software (Newport
time result in the flow index to decrease and shows sheargcientific). To study the binary pastes of GRF-CM and

thinning behavior [11]. Cassava starch will transition from GRF-PS mixes, each proportion of 3% to 15% of CM,
the antiplastic regime to the plastic regime with the addition |ikewise the PS, based on the dry basis of the @RFe
of sugar [12]. Meanwhile, the effect of fat shows a different prepared. To study the ternary paste (GRF-CM-PS paste),
result on the rheological properties of the system. ReceniGrF, cM, and PS with the ratios of 1.0:2.0:0.5, 1.0:2.0:1.0,
studies show that the apparent viscosity of waxy maizej o:15:1.5, 1.0:1.0:2.0, and 1.0:0.5:2.5 (% dry basis) were
starch treated with shortening and sunflower oil were yrepared. Deionized distilled water was added to make up to
increased [3]. The addition of MGM on the cake influences 5 totg] weight of 28.5 g. The experiment was conducted
the rheology, while the starch-MGM pastes have more gccording to [17], each 28.5 g sample mix suspension was
elastic structures with increased G' and the decrease of tagijrred by RVA rotating plastic paddle for 15 to 30 sec to
values [13]. Although, the research on the effect of sugar andyiffyse the sample uniformly and to clear away starch lumps
fat on starch rheology has been carried out so far, it still didpefore the measurement. All measurements were replicated
not explain the effect of PS and CM on the rheology of three times. Parameters recorded were pasting temperature,
mixed system, especially those of the traditional starch—peak viscosity, final viscosity (viscosity at 50°C),
based food products. _ _ ~ breakdown viscosity (the difference between peak viscosity
In case a good understanding of the rheological propertiesang trough viscosity) and setback viscosity (the difference

of dodol ulame it was important step to maximize the petween final viscosity and trough viscosity).
material and the processing process, in order to get well

standarize and quality product. The objective of this D. Rheological Properties.

experiment was to reveal the rheological properties of the Rheological measurements of the GRF, CM, PS mixed
tripple mixed system ofiodol ulame including its pasting  system in various ratio were analyzed using an MCR 302
properties, flow behavior, dynamic rheology, and controlled-stress rheometer (Anton Paar Physical). The
microstructure. The ratio of CM and PS in this StUdy were steady-ﬂow experiment followed a pre\/ious report with
varied and the results were compared with control thatminor modifications [18]. The GRF, CM, and PS were
follows the typical levels used in traditional cooking of weighed with the ratio of 1.0:2.5:0.5, 1.0:2.0:1.0, 1.0:1.5:1.5,

dodol ulame 1.0:1.0:2.0, and 1.0:0.5:2.5he mixed slurry was prepared
and heated until the temperature reaches 90 °C and stand it
[l. MATERIAL AND METHOD for 5 minutes. The hot paste was then transferred onto the
A Material rheometer plate equipped with a cone geometry of 50 mm

diameter and %cone angle, at a fixed gap of 1 mm. The
A local Sibujing glutinous rice variety, mature coconuts rheometer was also equipped with a Peltier temperature
and palm sugar were used. Preparation of the GRF was dongontroller. The paste was equilibrated for 5 min at 25 °C
by grinding the glutinous rice using a disk mill in pefore shearing rates from 0.01 to 300 per second, to
Technopark Laboratory of IPB University with a 100 mesh describe the steady rheological properties of the sheared
size stainless steel sieve size at a constant speed of 10,00mples. The data were fitted into two mathematical models,

rpm. PS was sliced before used to make it more spreadablge , the Power law and the Herschel-Bulkley, to find the
in the mix. Coconuts were subjected to deshelling, paring, flow behavioral index as follows

and removal of the coconut water. The coconut kernel was

collected manually and grated using a rotary wedge cutting T= Ky" 1)
machine. Water was added to the grated coconut with a ratio

of 2: 1 (w/ w), blended for 2 minutes in a high rotor speed T=13+ Ky" 2)
blender, pressed in and passed through cloth filters to get the

CM.

Where 1 is shear stress (Pay, is yield stress (Pa), K is

B. Chemical Composition of Materials. consistency coefficient (Pd)sy is the shear rate'@, and n
The moisture, carbohydrate, ash, crude protein, crude fat® flow behavmr_mdex (d|mep3|onles§) [19].

and crude fiber contents of the GRF, CM, and PS were Dynamic oscillatory or wscoglastlc_: m_easurements were
determined according to [14] methods ’The fatty acid preferred to evaluate the gelation kinetics and texturizing
analysed using Gas Cromatography [15]. The GRF, CM, PSproperties of thedodol ulamepaste .adap.te?' from [20]. Al
Samples were analyzed in triplicate. The glutinous rice measurement_slwere conducted in_ triplicates. The same
starch content was determined using Luff-Schoorl methods,Sample (gelatinized paste) is poured onto a 50 mm plate-and-
and the amylose content was measured usingPlat€ geometry with both upper and lower surface
spectrophotometry method [16]. Analysis of amylopectin cros_shatched with a 0.5 mm deep texture and equipped with
content of the sample was determined by difference, an i.e.PeItler temperature control. Before measurements, samples

result of starch content deducted with the amylose content. were covered by a thin Iayer_of pa“’?‘ff'” oil on the edge qf
the sample to avoid evaporation during measurements, with

a fixed gap of 1 mm. Sample poured onto the MCR 302
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plate and was difined cooling temperature sweep test from[23], PS contains sucrose and reducing sugars, which are

80 'C down to 10C (at 2°C/min) at a frequency of 0.4 Hz
for 30 min to guarantee that the system blows an equilibrium
state. Next, the sample was submitted to a frequency sweep,
from 100 to 0.01 Hz at a constant shear strain in the linea

glucose and fructose.
TABLE |

THE CHEMICAL COMPOSITIONOF GRF, CM, AND Ps

viscoelastic region (LVE), at 0.2% fixed increment sweep Paf_ame‘eg GRF CcM PS
rate. To ensure that viscoelastic measurements were carri yci'sg”e/(/"‘”/w) é;;g{ 8'85 g?g}:g'gg g'gg{ g'gz
out in the LVE domain, the strain sweep experiments were"2 I(:;t‘;/"/‘ivgids T or ol RS i =
0 0, 0 -
conducted from 0.0l/o_to 200% at 0.4 Hz. All measurementg fatty acid) 44.21+0.01
conducted in three replicate. - Lauric acid (%) 19.30+0.00
. . - Meristic acid (%) 05.90+0.03
E. Microscopy observation. - Palmitic acid (%) 00.39+0.06
. . . - i 0,
Polarized light microscope was used to observe the| - gﬁgg{'ﬁf(%")) 88'83{8'8;
microstructure of GRF, CM, PS mixed system. GRF, CM,| _  Linoleic (o) 00.00+0.00
and PS were prepared with the ratios of 1.0:2.0:0.5,| - Linolenic (%) - 00.00+0.00
1.0:2.0:1.0, 1.0:1.5:1.5, 1.0:1.0:2.0, and 1.0:0.5:2.5. ThelProtein (% wiw) 10,65+0.05 [ 01,02+0.04 [ 00,72+0.01
mixture placed in a 200 ml beaker glass equipped with aAsh (% wiw) 00,63+0.02 | 00,07+0.01 | 00,91+0.0
magnetic stirer and stirred for 15 minutes until |Carbohydrate (% wiw) 73,85+0.0p 01,70+0.24 | 89,47+0.03
homogeneous. The beaker glass content was tranferrefd Stimhl ont (% f%";g{g-ggo - -
placed into a 2 liter beaker glass filled with distilled water i to’:;’;gtsaercch(;n ent (% of 9,79+0.
and heated on a hot plate equipped with a thermometer td0 - amylopectin content | 90,21+0.00
record the temperature. The temperature was increased at|a (% of total starch)

rate of 2°C per minute. Samples were taken at a temperaturdeans_+ SD (n = 3).

of mixtures 50°C, 60°C, 70°C, 80°C, 90°C. Each specimen

was observed under a polarized light microscope (VanoxB. Pasting Properties GRF-CM Paste and GRF-PS Paste.
BHS-2, Olympus Corp., Japan) equipped with a digital The pasting temperature, peak viscosity, breakdown
camera connected to Toupview software. viscosity, and final viscosity of the GRF in this study were
69.4+00.20C, 1772+05.00 cP, 728+03.00 cP, 1590.5+21.50
cP, respectively. This result showed that the GRF var.

. , ibujing was classified as low gelatinization temperature
software and further analyzed using SPSS version 12.0 an

" o §<70 °C). The effect of the additon of CM and PS
expressed as means + standard deviation (SD). A one-wayiiqually to the GRF pasting properties parameters is
analysis of variances was performed to determine the

: . . X clearly presented in Table 2.
relationship between samples to the pasting properties.

F. Statistical Analysis.
The results were organized using Microsoft Excel

TABLE I

lll. RESULTS ANDDISCUSSION RVA PROFILE FOR GRFPS AND GRFCM PASTE

A. Chemical Composition of Glutinous Rice Flour, Coconut
Milk, and Palm Sugar.

The data on the chemical composition of GRF, CM, and
PS are summarized in Table 1. The GRF \&ibujing

Peak
Viscosity
(RVU)

Final
Viscosity
(RVU)

Breakdown
Viscosity
(RVU)

Pasting
Temp.
(®)

Sugar

Con.

(%) Setback

Palm

contained carbohydrates and 62.68 + 00.00 % starch, o

f 3%

70.0+00.4

1702.0+65.0

690.0+35.0

1535.0+34.0

523.0+04.9

which 90.21% is amylopectin and 9.79% is amylose. The

6%

71.4+00.2

1702.5+19.5

666.0+29.9

1581.0+01.0

544.5+08.5

amylose content was higher than those in the previously

9 %

72.7+00.2

1770.0+06.5

696.5+06.5

1667.5+12.5h594.0+18,9

h2 %

74.1+00.4

1880.5+04.0

660.0+04.8

1887.5+59.5

667.0+29.0

reported studies, whereby the reported amylose content o
waxy rice starch was in the range of 0-2% [21]. The GRF

15%

74.5+00.0

1779.0+22.9

615.5+06.1

1821+11.4

657.5+28.2

var. Sibujing also contained 10.65+00.05 % proteins (d.b).

Coconut Milk

3%

70.4+00.1

1651.5+26.2

704.0+16.9

1474.5+23.8

522.3+16.2

The CM used in this research contained high moisture ang
low-fat contents as seen in Table 1. The lauric acid was the

L 6%

70.8+00.2

1684.5+49.5

665.0+27.9

1606.5+42.5

580.3+20.0

9 %

71.2+00.0

1708.0+00.6

629.5+08.5

1740.5+02.5

662.0+11.0

dominant fatty acid in this study as it widely found in CM.
The PS contained a large amount of total carbohydrate, i.e

12 %

72.2+00.3

1473.5+05.5

444.0+15.0

1653.5+20.%

624.0+00.6

about 89.47 %, which is mostly of monosaccharides an

15%

74.3+00.8

1040.0+10.0

158.0+00.0,

1223.0+14.0

341.0+04.9

disaccharides.
significantly to the smoothness formation of dodol texture. It

Fat content in coconut milk contributed Mean * standard

deviation values followed by different small letters are

significantly different (p < 0.05).

determines the rheological characteristics of coconut milk The gelatinization temperature were increased by the
associated with apparent viscosity where the consistencyaddition of PS individually. Some explanation had been
coefficient value, k, and apparent viscosity reached theproposed to explain the effect of sugar on the starch pasting
maximum in coconut milk mix with a 30% fat content temperature which was more due to the competition between
preheated at 90 °C [22]. The palm sugar contains a largesucrose and starch in water restricted conditions of the starch
amount of total carbohydrate, i.e., 89.47+00.02 %, which is hydration. The lack of available water had caused starches
mostly of monosaccharides and disaccharides. According todifficult to swell and gelatinize and hence requires higher
energy for the gelatinization process in the mixed system
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[24], [25]. In other hand, we found that the peak viscosity, viscosity. The breakdown viscosity decreased by the
final viscosity, and setback viscosity values were increasedincreasing CM and decreasing PS ratio gradually. The
at 3%, 6%, 9%, 12%, and slightly decreased at 15% PS. Thdowest breakdown viscosity occurred at the highest CM ratio
highest peak viscosity (1880.50+00.40 cP), final viscosity of the ternary mix, i.e. 1.0:2.5:0.5. It's indicated that the
(1887.50+59.50 cP), and set back (667.00+29.00 cP) werestability of starch paste during the heating process will
observed in the 12% PS mig € 0.05) (Table 2). These decrease with the decreased amount of CM used. The final
results were in agreements with the result of ref. [26]. Theyviscosity of the ternary paste showed an increase with
reported an increase in peak viscosity, final viscosity andincreasing PS and decreasing CM ratio on the ternary paste.
breakdown viscosity of corn starch with fructose addition. The highest final viscosity occurred at a ratio of 1.0:1.0:2.0
However at a concentration of 50-70% the peak viscosity, mix. Meanwhile, the setback value also decreased by the
final viscosity and breakdown viscosity decreased. The sugatincreasing PS in the paste. The highest set back viscosity
can interact with starch that effect the amylose leaching [27].was found in a ratio of 1.0:0.5:2.5. Lower setback value
The gelatinization temperature was also increased by theindicated lower/short-retrogradation and syneresis of the
increase of CM concentration in the GRF-CM paste. The GRF-CM-PS paste.
highest gelatinization temperature 74.30+00.20 °C wasc. Flow Behavior of GRF-CM-PS paste.
observed in the 15 % of CM mix. Increasing of CM
concentration in the mix have caused the lipid amount in the The apparent viscosity as a function of shear rate was
starch-lipid system increased. The lipid embraced into thepresented in Fig 1. The apparent viscosity decreased with
starch granule through some hydrophobic interactionsincreasing the shear rate exhibited a typical shear-thinning
between hydrocarbon chain and intra-helix spaces ofbehavior. The declined curve indicated the action of shear
amylose prevented the water molecules entering the starclihinning on polymer molecules (or a long chain material).
granules even when the mix was heated [28]. On the GRF-These findings are in agreement with the finding of Chuah et
CM paste, the highest peak viscosity (1708.00+00.00 cP),al. [6] reporting the traditionatiodol from Malaysia had
final viscosity (1740.50+02.50 cP), and set back viscosity strong shear-thinning behavior. Ref [10] also reported on the
(662.00+11.00 cP) were observed in the 9 % @M (.05) shear thinning behavior on wheat starch-milk-sugar pastes.
(Table 2). The addition of 3 % and 9 % of CM individually With increasing shearing stress, the molecules that are
increased the peak, breakdown, final, and setback viscositiegiormally irregular begin to form a long plateau in the
gradually but decreased at the concentration of 12% anddirection of flow. It reduces the material resistance and
15%. Similar result have been reported by Chen et al. [5]results in a greater rate of shear at each subsequent shearing
who reported a decrease of peak viscosity, final viscosity, Stress as well. However in this study, subsequently a sharp
breakdown viscoity, and set back viscosity of normal rice decline, the viscosity change was flatten at high shear rates
starch and normal rice flour by addition of 30-40 % maize (at 1.2 s-1 the viscosity changed to smoothed style). This
oil in the system. These might be due to two mechanisms,ndicates that the onset of shear thinning appears at a lower
i.e., the first one is due to the starch saturation by theshear rate for all samples.
addition of a certain amount of fatty acid. As shown in table
1, coconut milk contains 20 % of fat. A certain amount of 120000 7
lipids in the system caused a decrease in viscosity and the L
ability of the slurry to retreat. Ref [28], had reported that the

100000 -+ ¢

maximum pasting value increased by the addition of * @ Ratio of GRI-CM:PS, 1.0.25:0.5
palmitate fatty acid to the constant amount of defatted starch, J * Ratio of GRF:CM:PS, 1.0:2.0:1.0
but at 0.75% of fatty acid the pasting value decreased X ® Ratio of GRF:CM:PS, 1.0:1.5:1.5
slightly. The second one may be due to the amylose-lipid Wt X + Ratio of GRF:CM:PS, 1.0:1.0:2.0

Apparent Viscosity (mPaS)

complex. A lipid with certain chain lengths could interact SR Tt X Ratio of GRE:CM:PS, 1.0:0.5:2.5
with amylose to form an amylose-lipid complex. These -l
impacts were noticed not only on the starch pasting 40000 ) '-;}ixx
properties but also influences the gel texture behavior [29]. '.. ':;hf*x
The ternary paste was prepared to study the effect of the w00 | %, 'ﬁ;_ :ii**xx
®, L 14

ratio to the system pasting profiles. Proportion of the mixes,
i.,e., GRF, CM and PS were prepared at the ratios of
1.0:2.5:0.5, 1.0:2.0:1.0, 1.0:1.5:1.5, 1.0:1.0:2.0, and g
1.0:0.5:2.5 (% dry basis). All of the mixes systems showed
almost the same higher pasting temperature (74,44 °C). Thig

various ratio result in the inhibition of the gelatinization b ar

; ? 1.0:0.5:2.5.
process. Previous researcher found that in the ternary
system of starch/carrageenan/casein, preferred interactions The addition of CM and PS changed the body of GRF-
between  carrageenan/casein  micelles  appear inCM-PS paste. The highest apparent viscosity of the system
corresponding to carrageenan/starch. Meanwhile, starch isvas reached on the highest ratio of PS in the ternary mix, i.e.
bounded in the arrangement of more-or less-disrupted1.0:0.5:2.5, and the lowest apparent viscosity was reached on
granules dispersed in a “continuous phase” [30]. This studythe highest ratio of CM i.e. 1.0:2.5:0.5. This result indicates
showed that ternary mixes have very low breakdown that more sugar and less CM on tteelol ulamesystem will
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increase the apparent viscosity. Very likely that this was dueratio increases the volume fraction of solids. There is an
to the increased in solid mass of the triple mix. Conversely,increase the solids volume fraction in starch dispersion and
the more CM and the less sugar would decrease the apparethis experience to an enhancement of yield stress [35]. “The
viscosity. Coherently with the decrease in solid mass of theyield stress €y) increased with an increase in the solid
mix. In addition this could be explained as follows: Sucrose concentration, and it was also affected by the hydration
and reducing sugar on PS have a gelling and anti-plasticizingemperature”[36]. The correlation coefficients ?\Rfor
effect that can increase the glass transition temperature Tdderschel Buckley model created a higher correlation
and subsequently the gelatinization temperature Tgel [31],coefficient (R) value than the Power-law model for the ratio
causing the enhancement of paste viscosity. Meanwhile, theof GRF: CM: PS 1.0: 2.5: 0.5, 1.0: 2.0: 1.0, and 1.0: 1.5: 1.5.
fat on the CM has a lubricating effect between the particles,Meanwhile, the correlation coefficients 4jRof the Power-
and its flow becomes relatively unhindered [6]. The law model created a higher value at the ratio of GRF: CM:
dominant effect was largely determined by the amount of PS 1.0: 0.5: 2.0. It can be concluded that the Herschel
material in the system. Additionally, an interaction between Buckley model is more acceptable to describe the flow
components like proteins, fats, and sugar with carbohydratebehaviour ofdodol ulamewith a higher CM ratio, while the
chains during processing would push the chemical reactionsPower-law model is more efficiently used to describe the
affecting the viscosity. The chemical reactions include flow behaviour ofdodol ulamewith a higher PS ratio.

Maillard reaction, caramelization, and amylose-lipid

complexes. During the cooking process, PS would produce TABLE Il

Other Components as a I‘eSU|t Of the Mai”ard I’eaCtion and PARAMETERS OF POWER LAWS AND HERCHEL-BULKEY MODEL FOR
caramelization. These components can be volatile TERNARY PASTE GRF-CM-PS PREPAREDAT 95°C.

components, namely hydroxymethylfurfural and melanoidin.

2
The breakdown in melanoidin is the main factor causing GRE:CM:P Flow parameter Ta(\)/\\;\’lsr R
pseudoplastic behavior in vinegar Balsar_nlc ac_|d. Its Iev_el S ratio To K n | equation | Power| Herchel
depends on the volume of the fraction dispersed in

T . . . law’s |Buckley
melanoidin and composition of bulk vinegar fraction [32]. 152505 o8 24490 265 24.49° 095 0.99

Liquid PS also has melanoidin content formed due to 102010 195 4099 0203 40.99°7 095 0.99
Maillard reaction. Consequently, it can also play a role in ————— +—— — .
influencing the behavior of liquid PS flow. The possibility of |+%:1:5:1:5] 194 48.9§ 0209 48.9 "] 098] 0.9
Amylose-lipid complex formation also plays an important 1.0:1.0:2.0] 228 49.44 0.144 59'42"0'1 091] 091
role in decreasing viscosity because this formation could[ 1.0:0-5:2.5 28.6 49.43 0.109 594% | 0.85] 0.75
inhibit amylose network development [33].

The Power-law and the Herschel-Bulkley model were D. Rheology Dinamic Properties
used to evaluate the flow properties of ternary paste from the ) i ) . .
steady shear experiment data (Table 3). The flow behavior Dod_ol ulamewas a_wscoelastlc materials wh|c.h exhibit
index of the samples was found to be between 0.1-0.3 (n<1)behawor somewhere_ in between that of pure.Iy wscous_and
indicating their pseudo-plastic behaviour. As the ratio of CM Purely elastic materials. - Therefore dynamic rheological
was higher than PS, the flow behaviour index, n, increased Properties and the gelation kinetics of the ternary mixes were
The increase of the flow behaviour index, n, indicating the iNvestigated by using an Oscillatory rheometer. The G’ and
paste became more shear thinning. The proportion variability® " @S functions of strain can be seen in Fig 2. The G’ value
of CM and PS in the ternary mixes gives a little change to decreased slightly and tr\en became gentler with increasing
flow behavior index, n. This result is in agreement with Strain. Otherwise, the G" value decreased more gently with
Navarro et al. [3] that found weak modification of flow ncreasing strain for all samples, except the ratio of GRF:
index (n) of waxy starch with addition sunflower oil. CM: PS 1.0:2.5:0.5 showing a significant eleva.t|0n. The
Increased PS ratio increased the flexibility of molecule in 'atios of CM and PS on the GRF-CM-PS system influenced
dodol ulamesystem. However, the proportion variability of the G"and G". Fig 2. shows that the highest of G' and G
CM and PS affects the consistency coefficient, k, of the occurred at the ratio of 1.0:2.5:0.5 or when the CM
GRF-CM-PS pastes. When the ratio of PS was higher tharconcentration was higher th_an GRF and PS. The lowest of G'
CM, the consistency coefficient, k, increased. It mean that@nd G" occurred at the ratio of 1:0:0.5:2.5 or when the PS
the more sugar ratios were used, the greater the viscosity ofoncentration was higher than GRF and CM.
the system. This finding is in agreement with the findings of . 1 "€ tand (G"/G') as a function of strain was also observed
Abu-Jdayil et al. [10] for the effect of sugar on the N this research. The tan value_ is an |mp0rtgnt rheolpgu:al
consistency coefficient, k. They reported that the increase inParameter that can reflect the viscous or elastic behaviour of

sucrose or glucose concentration caused the consistenci!® Viscoelastic sample, referring to the ratio between the
coefficient to increase. modulus loss (G") and the modulus storage (G') [18]. All

Table 2 shows an increase of yield stregswith the samples showed changes of @r(G"/G') along with the

increasing PS ratio and decreasing CM on the system. That"cr€asing frequency and strain. The highest3d&"/G')

related to the presence of suspended particles in concentrate¥ftlues were those of the ratio 1.0:2.5:0.5 compared to those
suspension. The vyield stresg, was caused by contact of all the others. Solid-like behavior gel properties (well-

between adjacent particles which must be immobilized Organized or structured) was noticed at far 1 (G"<G))

before. The total dissolved solids in PS higher than the totalStrong), whereas tah > 1 (G">G)) indicated a pure liquid-
dissolved solid on CM [34]. In this case, the increasing pg like behavior (less structured) [20]. This research result that
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tand < 1 (G"<G') indicates a solid-like behavior at low strain G” trends. The gelation temperature data, TGEL,
and changes into liquid-like behavior at high strain. The (determined by ta® = 1 or G' = G") recorded from the

present consistent with the flow behavior of the system. cooling ramps of all samples, showed that the 1.0:2.5:0.5
Changes from the gel to liquid behavior occurred in the Osc.mix ratio occurred at higher temperature (55 °C) and the
Strain (%) 42, 56, 52, 44, and 30 for the ratios of 1.0:2.5:0.5,1.0:0.5:2.5 mix ratio occurred at lower temperature (40 °C).
1.0:2.0:1.0, 1.0:1.5:1.5, 1.0:1.0:2.0, 1.0:0.5:2.5 respectively. The increasing fatty acid addition on the corn starch mixture

- significantly increased the corn starch gel glass transition
.. temperature [29].
w ® Ratio of GRF:CM:PS 1.0:2.5:0.5
- + Ratio of GRE:CM:PS 1.0:2.0:1.0
- m Rutio of GRE 1.0:1.5:1.5 oo
- + Ratio of GRF:CM:PS 1.0:1.0:2.5 ,00 T )

- - il b el e e [ © G" Ratio of GRF:CM:PS 1:0:2.5:0.5
a Gl RIMHORPAR N EST O a2y © G" Ratio of GRF:CM:PS 1.0:2.0:1.0 &
Hh = 06" Ratio of GRF:CM:PS 1:0:1.5:1.5 &£
U] 14.00 I A G" Ratio of GRF:CM:PS 1:0:1.0:2.0 &

15 s X G" Ratio of GRF:CM:PS 1:0:0.5:2.5 &

® G' Ratio of GRF:CM:PS 1:0:2.5:0.5 I
® G’ Ratio of GRF:CM:PS 1:0:2.0:1.0 £
100 & B G' Ratio of GRF:CM:PS 1:0:1.5:1.5 o
13 L A G'Ratio of GRF:CM:PS 1:0:1.0:2.0 o
o
o
o
[ o
5 - 10,00 + °0°

o s0 100 150 200
QSC, Strain (%)

G’ G” (Pa)

T T T T
10 24 38 52 66
Temperature (°C)

G"({Pa)

e Fig 3. Storage modulus (G') and loss modulus (G") of ternary paste (GRF-
* CM-PS paste) as a function of temperature. G' filled symbols, G" empty
symbols. The oscillatory rheometer was run at a cooling rate of 20°C/min;

frequency of 0.4 Hz; strain amplitude of 0.2%.

E. Microstructure of GRF-CM-PS paste.
The result of polarization microscope observation are show

a 50 100 150 200

05C, Strain (%) in Fig 4. Fig 4 shows that in each treatment granular
Fig 2. Storage modulus (G') (A) and loss modulus (G") (B) of ternary paste birefringence of the starch appeared somewhat weaker in
(GRF-CM-PS paste) as a function of strain. this observation. It may caused of GRF used in this

The variations of storage modulus (G') and loss modulus €XPeriment still contain such as protein and fat along with a
(G") during cooling (from 80 °C to 10 °C) is shows in Fig 3. small size. In literature, a glutinous rice starch had a
All samples displayed increasing the G' and a decrease of th@0lyhedral shape with the smooth and not cracked surface

G" with increasing temperature. This research found threel38] granule diameter was smaller than rice flour, which is
different phases during the cooling regime. The phase were125-250 pm [39]. Besides the starch granule (polyhedral

a liquid-like behavior zone corresponds to the zone whereShape), that also spherical circles which are thought as fat
G" values negligible reflecting the liquid-like behavior. The 9lobules from coconut milk. The Maltese crosses of GRF
sol-gel transition zone corresponded to an intermediate zonéliSappeared when sample was heated at 80 °C. Although at
where G' increased between the cooling points of 49 °C andi€mperature of 70 °C the birefringence of swollen starch
36 °C, globally [20]. That well-known as it represents the granglg is still visible but is faint. It means total
regions where the system exhibits liquid-like properties gelatinization of GRF occurrgd before 80 °C. The Maltese
transitioning into a gel state. And the phase corresponded t§"0SSes of ternary paste with the ratio of GRF: CM: POS
the zone where G' values were remarkably higher Compared]"0:1'5:1'5' 1.0:1.0:2.0 and 1.0:0.5:2.5 d|sappeared at 80 °C.
to the other and tend to show a plateau behavior up to 10 ccMoreover at temperature of 70 °C the birefringence of
The gelation curve profile evidenced in this phase indicatesSWollen starch granule still could be seen clearly. Perhaps
substantial internal rearrangements of the network structuréN€ total gelatinization of those ratio happen at higher
of the gels, which leads to a well-formed gel at the end of thetémperature than GRF. Likewise those of the GRF: CM: PS
cooling ramp. In the direction of the initial temperature ratio of 1.0:1.0:2.0 antz 1.0:0.5:2.5 the maltese crosses
(25 °C), all samples perform like a viscous liquid (G" > G), disappeared at 90 °C. These suggested that total
but then transition to an elastic gel (G' > G") happened at age_latlnlzatl_on o_f starch occurred at high tem_perature in the
higher temperature. It was just like a thermal gelation Mixture with higher CM and lower PS ratio. Thus the
phenomenon, whereby this transition occured due to thePresence of CM and PS in the ternary system (GRF: CM: PS)
development of a cross-linked three-dimensional network of clearly affected gelatinization and rheological behavior of

material [37]. All the samples indicate nearly similar G’ and the triple mix system.
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50°C

70°C &

90 °C

ratio of GRF:CM:PS GRF
1.0:0.5:2.5

ratio of GRF:CM:PS
1.0:1.5:1.5

ratio of GRF:CM:PS
1.0:1.0:2.0

ratio of GRF:CM:PS
1.0:2.0:1.0

ratio of GRF:CM:PS
1.0:2.5:0.5

Fig 4. Effect of GRF, CM, PS ratio to polarized microscopy images of GRF-CM-PS paste under different temperature treatment (50 °C, 60 °C, 70 °C, 80 °C,
°C). The white arrow indicates starch granule birefringe which disappear ‘@ €& the ratio of GRF:CM:PS 1.0:2.5:0.5, and €D for the ratio of
GRF:CM:PS 1.0:1.5:1.5, 1.0:1.0:2.0, and 1.0:0.5:2.5. This verified that total gelatinization occurred at high temperature with the high CM ratio on the system.

IV. CONCLUSIONS system. Its clearly shows that the rheology properties of

Individually, the addition of palm sugar dan coconut milk dod

increased the gelatinization temperature. In the ternary
system, the presence of a mixture of sugar and coconut milk
tended to lower down the viscosity profile. The lowest

ol ulamesystem affected by CM and PS ratio.
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ratio occurred at higher temperature (55 °C) and thel6]
1.0:0.5:2.5 mix ratio occurred at a lower temperature (40°C).
Observation using polarized light microscope confirmed that
glutinous starch granule requires higher temperatures for[7
totally gelatinized with larger amount of coconut milk in the

1693

REFERENCES

V. M. Acquarone and M. A. Rao, “Influence of sucrose on the
rheology and granule size of cross-linked waxy maize starch
dispersions heated at two temperatur€sfbohydr. Polym.vol. 51,

no. 4, pp. 451-458, 2003. https://doi.org/10.1016/S0144-
8617(02)00217-5.

P. Fischer and E. J. Windhab, “Rheology of food materi&siit.
Opin. Colloid Interface Sci.vol. 16, no. 1, pp. 36-40, 2011.
https://doi.org/10.1016/j.cocis.2010.07.003.

A. S. Navarro, M. N. Martino, and N. E. Zaritzky, “Modelling of
rheological behaviour in starch — lipid systenishb. u.-Technolvol.

639, pp. 632-639, 1996. https://doi.org/10.1006/fstl.1996.0096

C. C. Q. LedezmaStarch Interactions With Native and Added Food
ComponentsElsevier Ltd, 2017.

X. Chen, X. Du, P. Chen, L. Guo, Y. Xu, and X. Zhou,
“Morphologies and gelatinization behaviours of high-amylose maize
starches during heat treatmen€arbohydr. Polym. vol. 157, pp.
637—642, 2017. https://doi.org/10.1016/j.carbpol.2016.10.024.

T. G. Chuah, H. Hairul Nisah, S. Y. Thomas Choong, N. L. Chin, and
A. H. Nazimah Sheikh, “Effects of temperature on viscosity of dodol
(concoction),” J. Food Eng. vol. 80, no. 2, pp. 423-430, 2007.
https://doi.org/10.1016/j.jfoodeng.2006.04.051.

Q. Li, H. Li, and Q. Gao, “The influence of different sugars on corn
starch gelatinization process with digital image analysis method,”
Food Hydrocoll, vol. 43, pp. 803-811, 2015.
https://doi.org/10.1016/j.foodhyd.2014.08.012.



8l

19

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

M. C. Allan, B. Rajwa, and L. J. Mauer, “Effects of sugars and sugar [25]
alcohols on the gelatinization temperature of wheat stafebgd
Hydrocoll, vol. 84, no. March, pp. 593-607, 2018.
https://doi.org/10.1016/j.foodhyd.2018.06.035

Z. Zhou, K. Robards, S. Helliwell, and C. Blanchard, “Effect of the
addition of fatty acids on rice starch propertidsgbd Res. Int.vol.

40, pp. 209-214, 2007. https://doi.org/10.1016/j.foodres.2006.10.006.
B. Abu-Jdayil, H. A. Mohameed, and A. Eassa, “Rheology of wheat
starch-milk-sugar systems: Effect of starch concentration, sugar type [27]
and concentration, and milk fat content,”Food Eng.vol. 64, no. 2,

pp. 207-212, 2004ttps://doi.org/10.1016/j.jffoodeng.2003.09.034.

K. Al-Malah, M. Azzam, and B. Abu-Jdayil, “Effect of glucose
concentration on the rheological properties of wheat-starch
dispersions,” Food Hydrocoll, vol. 14, pp. 491-496, 2000.
https://doi.org/10.1016/S0268-005X(00)00029-1.

Y. Figueroa, M. Guevara, A. Pérez, A. Cova, A. J. Sandoval, and A. [29]
J. Muller, “Effect of sugar addition on glass transition temperatures
of cassava starch with low to intermediate moisture contents,”
Carbohydr.  Polym. wvol. 146, pp. 231-237, 2016.
https://doi.org/10.1016/j.carbpol.2016.03.054.

N. Hesso, C. Garnier, C. Loisel, S. Chevallier, B. Bouchet, and A.
Le-Bail, “Formulation effect study on batter and cake microstructure:
Correlation with rheology and texturefbod Struct. vol. 5, pp. 31—

41, 2015. https://doi.org/10.1016/j.foostr.2015.03.002.

AOAC, “Official Methods of Analysis of AOAC InternationalQff.
Methods Analysis AOAC Intsol. 18th edition, February, pp. 20877—
2417, 2005.

AOAC, “Official methods of analysis,” 16th ed., Washington:
Association of Official Analytical Chemistry, 1999.

B. O. Juliano, “A simplified assay for milled-rice amylos€greal

Sci. Todayvol. 16, pp. 334-336, 1971.

S. Kraithong, S. Lee, and S. Rawdkuen, “Physicochemical and
functional properties of Thai organic rice floug’ Cereal Scj.vol.

79, pp. 259-266, 2018. https://doi.org/10.1016/j.jcs.2017.10.015.

G. Li and F. Zhu, “Rheological properties in relation to molecular
structure of quinoa starchjht. J. Biol. Macromol. vol. 114, pp.
767-775, 2018. https://doi.org/10.1016/j.ijbiomac.2018.03.039

L. Figura and A. Arthur,Food Physics, Physical Properties-
Measurement and Applicationdew York: Berlin Heidelberg, 2007.

G. Agoda-Tandjawa, C. Le Garnec, P. Boulenguer, M. Gilles, and V. [36]
Langendorff, “Rheological behavior of starch/carrageenan/milk
proteins mixed systems: Role of each biopolymer type and chemical
characteristics,”Food Hydrocoll, vol. 73, pp. 300-312, 2017.
https://doi.org/10.1016/j.foodhyd.2017.07.012

C. R. Mitchell,Rice Starches: Production and Propertig&ird Edit.
Elsevier Inc., 2009.

T. Peamprasart and N. Chiewchan, “Effect of fat content and preheat
treatment on the apparent viscosity of coconut milk after
homogenization,’J. Food Eng.vol. 77, no. 3, pp. 653-658, 2006.
https://doi.org/10.1016/j.jfoodeng.2005.07.024.

J. Pontoh, “Penentuan kandungan sukrosa pada gula aren dengan
metode enzimatik,Chem. Programevol. 6, no. 1, pp. 26-33, 2013. [39]
R. Pongsawatmanit, P. Thanasukarn, and S. |keda, “Effect of sucrose
on rva viscosity parameters , water activity and freezable water
fraction,” ScienceAsia vol. 28, pp. 129-134, 2002. https://doi:
10.2306/scienceasial513-1874.2002.28.129.

[26]

(28]

[30]

(31]

[32]

(33]

[34]

[35]

[37]

(38]

1694

F. B. Ahmad and P. A. Williams, “Effect of sugars on the thermal
and rheological,” Biopolymers vol. 50, . 401-412, 1999.
https://doi: 10.1002/(SICI)1097-0282(19991005)50:4<401::AlD-
BIP6>3.0.CO;2-V.

Q. Sun, Y. Xing, C. Qiu, and L. Xiong, “The pasting and gel textural
properties of corn starch in glucose, fructose and maltose syrup,”
PLoS One vol. 9, no. 4, 2014.
https://doi.org/10.1371/journal.pone.0095862.

R.Sharma, D. Oberoi, D. S. Sogi, and B. S. Gill, “Effect of sugar and
gums on the pasting properties of Cassava Staichrbod Process.
Preserv, vol. 33, pp. 401-414, 2009.

K. Ohashi, G. Goshima, H. Kusada, and H. Tsuge, “Effect of
embraced lipid on the gelatinization of rice starchtirch- Starke

vol. 32, no. 2, pp. 54-58, 1980.
https://doi.org/10.1002/star.19800320205.

E. A. Arikkibar, i. Goneng, and F. Us, “Effects of fatty acid addition
on the physicochemical properties of corn startit,”J. Food Prop.

vol. 17, no. November 2014, pp. 37-41, 2014.
https://doi.org/10.1080/10942912.2011.619289.

A. Matignon et al, “Starch/carrageenan/milk proteins interactions
studied using multiple staining and Confocal Laser Scanning
Microscopy,” Carbohydr. Polym. vol. 99, pp. 345-355, 2014.
https://doi.org/10.1016/j.carbpol.2013.09.002.

P. Chantaro and R. Pongsawatmanit, “Influence of sucrose on
thermal and pasting properties of tapioca starch and xanthan gum
mixtures,” J. Food Eng. vol. 98, no. 1, pp. 44-50, 2010.
https://doi.org/10.1016/j.jfoodeng.2009.12.006.

P. Giudici, F. Lemmetti, and S. Mazz®alsamic Vinegar:
Tradition, Tecnology, TradéMilan: Springer, 2015.

S. Fang, X. Zuo, H. Xu, Y. Meng, and Y. Liu, “Effect of sucrose
fatty acid esters with different hydrophilic- lipophilic balance values
on pasting and rheological properties of waxy rice flour,” vol. 25, no.
3, pp- 721-727, 2016. httpsdi: 10.1007/s10068-016-0125-4

C. C. Choong, A. Anzian, C. W. N. S. Che Wan Sapawi, and A. S.
Meor Hussin, “Characterization of Sugar from Arenga pinnata and
Saccharum officinarum sugardyit. Food Res. Jvol. 23, no. 4, pp.
1642-1652, 2016.

M. A. Rao,Rheology of fluid and semisolid foods: Principles and
applications MD. Aspen: Gaithersburg, 1999.

W. Jung, J. Han, and S. Lim, “Thermal and rheological properties of
hydrogels prepared with retrograded Waxy Rice starch powders,”
Food Sci. Biotechnqgl.vol. 19, no. 6, pp. 1649-1654, 2010.
https://doi: 10.1007/s10068-010-0233-5.

E. R. Morris, D. A. Rees, and G. Robinson, “Cation-specific
aggregation of carrageenan helices: Domain model of polymer gel
structure,” J. Mol. Biol, vol. 138, no. 2, pp. 349-362, 1980.
https://doi.org/10.1016/0022-2836(80)90291-0.

L. Yanget al, “Preparation and physicochemical properties of three
types of modified glutinous rice starche§arbohydr. Polym.vol.

137, pp. 305-313, 2016.
https://doi.org/10.1016/j.carbpol.2015.10.065.

Imanningsih N, “Profil gelatinisai beberapa formulasi tepung-
tepungan untuk pendugaan waktu pemasakdpehelit. Gizi
Makanan vol. 35, no. 1, pp. 13-22, 2012.





