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Abstract

In this study, the characteristic of cassava starch has been developed through esterification using ethyl lactate.
Commercial cassava starch was modified by using (0.5; 0.75; 1.00; 125; 1.50 % v/v) ethyl lactate solution with pH
6,7,8,9for 15,25, 35,45, 55 minutes and the cassava starch was dried with sun drying. The cassava starch has been
esterified with 1.5% ethyl lactate for 15 minutes pH 6 gave highest volume expansion of 2,438.9 %. For swelling
power, the highest value was 19.32 swelling power at variable concentrations of 1.5% ester, esterification period of
15 minutes, and pH 6. The lowest amylose content was 15 68 % in ester concentration of 1.5 %. From the scanning
electron micrograph, shows that the cassava starch after and before modification has not changed since the
modifications performed under the gelatinization temperature. FTIR spectra of native cassava starch and ester
cassava starch has shown shift of the carboxyl group of starch from 1,072.37 to 1,087.80 cm™ and a decrease in the
OH group is from 3,452 .53 to 3,417.81 cm™. Bond formed indicated that the esterification reaction occurs between
cassava starch with ethyl lactate ester.
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INTRODUCTION 2013). The main reason starch is chemically treated

Starch is an important natural resources which before commercially use is to split the long glucose
can be obtained from may renewable sources such as chains of the polymer molecule to increase and obtain
corn, potato, rice, wheat, peas or cassava. It’s field of the maximum possible amounts of starch in technical
application is very broad from food, paper, and applications (Dias er al., 2011). Food grade starches
pharmaceutical to plastic industries (Barrios et al., are chemically modified mainly to increase paste
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consistency, smothness, and clarity, and to impart
freeze-thaw and cold storage stabilities (Jane, 1997
Liu er al., 1999a, 1999b; Perera et al., 1997; Shi &
Bemiller, 2000; Woo and Seib, 1997).

Modification of cassava starch has been carried
out, among others, chemical, physical, enzymatic, and
genetic (Kaur et al., 2012). According Demiate ef al.
(20000  modification of cassava with natural
fermentation followed by drying in the sun can
improve expansion ability of cassava flour. Modified
cassava starch by addition of lactic acid has been
developed to speed up the fermentation process
(Vatanasuchart et al., 2005). Cassava starch
modification history begins with sun dried and
fermented cassava starch, known as Polvilho azedo or
sour cassava starch. Polvilho azedo is a traditional
product originating from Brazil and known in some
countries in South America. Cassava starch extracted
from cassava and soaked in a tank for natural
fermentation for 30 days with an excess of water 5 cm
above the surface of cassava starch. The process was
dominated by lactic fermentation (Cereda, 1994). Wet
starch is dried in the sun for 1-2 days depending onthe
weather and season (Cardenas and Buckle, 1980).

The treatment of starch by UV light, with or
without a photosensitizer (Bertolini 2001), induces
changes in its functional properties; it increase water
buding capacity and solubility (Gholap et al., 1993)
and decrease hot paste viscocity (Fiedorowicz et al.,
1999). UV photodegradation of starch produced
glicosidic bond cleavages, with a shortening oh
amylose chain and debranching of amylopectin chain,
through free radical formation (Bertolini er al., 2001:
Sumardiono et al., 2018). Starch shows various
changes in characteristics after modifying such as
solubility, gelatinization temperature, viscosity, and
stability of the paste, moisture, water retention, and
film property (Rajan er al., 2006).

Many research groups have tried to understand
what kind of modification is responsible for the baking
properties of cassava sour starch, but until now there
1s no conclusive answer. Esterification is one of
modifications, which can impart hydrophobicity to
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starch products by substitution of free hydroxyl group
(Hujibrechts et al., 2008) and has been carred out by a
variety pathway (Barrios er al., 2013). Esterification
of starch using long-chain fatty acids is going to
produce thermoplastic starch, so it can be used further
to the needs of the pharmaceutical and plastics
industries (Rajan et al., 2006). This research will
develop a modified starch using esters in the field of
food.

Cassava starch (Manihot esculenta Crantz) is
very important for the food industry, but the utilization
is still limited. Cassava starch has no expansion ability
compared with wheat flour. Wheat formed
viscoelastic dough, caused by of gluten and gliadin
proteins, capable of retaining gas during fermentation
and at the early stage of the cooking process (He and
Hoseney, 1991). This present study was undertaken to
examine effects of esterification cassava starch using
ethyl lactate on changes in molecular properties
responsible for volume expansion behavior.

MATERIALS AND METHODS

Materials: Commercial cassava starch was purchased
from Margoyoso, Pati (Indonesia). Other chemical
agents were analytical grade from Merck (Germany).

Preparation of ethyl lactate: In this study, ester was
obtained by mixing lactic acid and ethanol with
various concentrations (0.5,0.75,1.0,1.25,1.5% v/v).
Ratio of lactic acid and ethanol is 1:1. The mixture was
allowed to stand for 24 hours. After 24 hours ester
solution was diluted in 1000 ml of distilled water.
Experimental prosedure: 500 g of cassava starch
was dissolved in ester solution. pH was measured on
variable 6, 7, 8, 9. The solution was stirred using a
magnetic stirrer with a stirring speed of 8 scales for
variations in prescribed time 15, 25, 35, 45, 55
minutes. The product was filtered with a filter cloth,
then placed on a portable solar dryer and dried for 9
hours. The scheme of experimental can be seen in
Figure 1.

Sundriyng

Figure 1. Esterification process of cassava starch
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Swelling Property:Starch (0.1 g) was mixed with 10
ml distilled water in centrifuge tube and heated using
a water bath with a temperature of 60°C for 30
minutes. The supernatant was separated using a
centrifuge at a speed of 2500 rpm for 15 minutes.
Swelling power is calculated by Eqs 1.

supernatant weight
dry starch weight

Swelling Power {gr/gr) = (1
Determination of amylose content: Colorimetric
method was used for determining the changes in
amylose contents of starch samples after treatments

(AACC, 2000).

FTIR Analysis: Results of esterification can be
demonstrated using FTIR  analysis  (Fourier
Transform Infra-Red). FTIR analysis is used to
determine the change of carbonyl and carboxyl groups
with starch ester carbonyl groups. Samples in the form
of granules mixed with dry KBr. The mixture was
made into a movie that will be analyzed by the light
beam FT-IR spectrophotometer.

SEM Analysis: Scanning electron microscopy (SEM)
was used to determine the surface starch esterified
photography, cracks, and surface starch films. Starch
samples mounted on aluminum specimen stubs with
double-sided tape, and then coated with a 20 nm gold.

Frying Properties: Volume expansion is calculated
by measuring the volume of dough before and after
frying. Dough was made 20 times in order to obtain
diverse and representative data of the sample. Dough
diameter was measured with ruler, before frying (D1)
and after frying (D2), the calculated each volume.
Dough volume is calculated as the assumption that
product perfectly spherical. Volume expansion level
measured by Eqs 2.

Volume expansion (%) = ?xlOO% (2)
2

RESULTS AND DISCUSSION
Swelling Power Analysis

Swelling power of all variables on the study of
modified cassava starch is shown in Table | and
Figure 2. Esterification of starch is one of chemically
method of modified starches. Modified starch using an
esterification reaction aims to change the functional
groups, hydroxyl groups of starch with carbonyl
groups of esters (Jerachaimongkol er al., 2006).
Esterification process was carried out by reacting ethyl
lactate esters with cassava starch, and then dried in the
sun. From the results, the highest value was 19.32
swelling power at variable concentrations of 15%
ester, esterification period of 15 minutes, and pH 6.1In
Figure 2 (a) shows increasing swelling power values
due to increased concentrations of esters. Swelling
power is strongly influenced by the network bonds
between starch molecules. With addition of ester
molecules into starch molecules, the bonds between
starch molecules will weaken thus increasing the value
of swelling power. The higher ester concentration will
replace more hydroxyl groups in starch.

Cassava starch esterification process using
ethyle lactate is strongly influenced by concentration
variables of esters. In Fig 2 (b) shows that increasing
period of esterification will decrease swelling power
up to 35 min. This is because of long esterification
period caused starch granule swollen. When the
swelling process prolonged, the starch wall will begin
to split, and damaging the granule, thereby reducing
the swelling power. In the processing time 45 min, the
swelling power increased, as the prolong esterification
process lead to the amylose content reduction and
amylopectin content in reverse.

Table 1. Experimental data of ester cassava starch in esterification variable

Esterification variabels

Volume expansion

Swelling Power Amylose

[T ;iﬂe) ES[‘E;):OD' pH (%) (gr/gr) content (%)
15 050 6 1,757.60 13.82 19.80
15 0.75 6 2,057.08 17 48 18.33
15 1.00 6 2,148 49 18.35 18.04
15 1.25 6 233937 18.65 17.40
15 1.50 6 2438.90 19.32 15.68
15 1.50 6 2438.90 1932 15.68
25 1.50 6 2.290.63 1527 16.57
35 1.50 6 2,195.20 10.29 17.30
45 1.50 6 2,148.49 12.28 16.78
55 1.50 6 2012.36 13.53 16.10
15 1.50 6 2438.90 19.32 15.68
15 1.50 7 2,242 .58 11.01 15.90
15 1.50 8 224258 9.36 16.40
15 1.50 9 1,717.35 8.66 17.39
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Amylopectin was insoluble in water. If the content of
amylopectin increased, the paste will be increased and
also swelling power value will increase. Starch
degradation will occurs easier at acidic pH.
Esterification at neutral or alkaline pH reduces
expansion of cassava starch  and  inhibits
depolymerization process. In Figure 2 (c) shows that
the higher the pH esterification the swelling power
decreased.
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Figure 2. Swelling power of ester starch as function
of ester concentration (a), esterification period (b),
and pH (c).

Amylose Content Analysis

In the results showed that the amylose content
in starch modified starch decreased as compared with
native starch. Amylose content measurement can be
seen in Table 1. Figure 3 shows the relationship
between addition of ester concentration (a), time of
esterification (b), and pH (c). On concentrations
variable of esters showed a decrease in amylose
content. The higher concentration of esters has lower
amylose content. Lowest amylose content was 15.68
in ester concentration of 1.5 %. At the period
esterification variables showed an increase up to 35
minutes and then decreased until 55 minutes.
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Figure 3. Amylose content of ester starch as function
of ester concentration (a), esterification period (b),
and pH (c).
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Amylose content in native starches decreased
after modified using ethyl lactate esterification
methods. Reduced amylose was caused by partial
depolymerization of amylose by ester and sunlight
irradiation. Depolymerization of amylose led to the
formation network structure of starch that affects the
expansion ability. Lower amylose content caused
better starch expansion properties. In a previous study
were also explained that the amylose and amylopectin
simultaneously degraded by acid hydrolysis with or
without UV radiation (Sumardiono et al., 2018;
Bertolini er al., 2000).

In addition, pH variable can be seen that the
amylose content increased with increasing pH Fig 3
(c). At pH 6 amylose content in starch was 15.68,
whereas at pH 9 amylose content of starch was 17.39.
Amylose depolymerization occurs optimally under
acidic conditions than under alkaline conditions, at
neutral or alkaline pH may inhibit the
depolymerization of starch thereby reducing the
development of cassava starch.

SEM Analysis

Figure 4. SEM micrograph of starch granule of native
starch (a) and ester starch (b)

Surface morphology of cassava starch was
observed using SEM (Scanning Electron Micrograph)
with a magnification of 2000 times. The sample used
in the SEM analysis is unmodified cassava starch
(native starch) and starch esters with variable optimum
concentration of 1.5% ester, esterification periiod of
25 minutes, and pH 6. Figure 4 shows the surface
structure of native starch (a) and starch esters (b).

In Figure 4 shows that the cassava starch after
and before modification has not changed since the
modifications performed under the gelatinization
temperature. Both have a structure that is round and
have irregular pieces at the ends. The size of both types
of particles varies. Native starch has a particle size
averaging between 3.73 to 15.18 pm, while the starch
ester having an average particle size of the larger of
between 6.59 to 19.58 ym.

FTIR Analysis

FTIR spectra of native starch and esters starch
are shown in Fig 5. In both spectra can be seen a few
peaks of functional groups that are characteristics of
starch include CO stretch with a wavelength of 1000-
1,260 enr!, CH bend between 1,290-1430 em™!, C=C
between 1,630-1,690 cm™!, CH stretch between 2,800-
2,950 cm™, and OH stretch 3 .300-3.400 cm™ .

In Figure 5, it can be seen that the spectrum of
native starch showed a CO stretch spectrum at a
wavelength of 1,072.37 cm!,CH bend at a wavelength
of 1419.63cm™, C=C at a wavelengthof 1,643.30 con’
! CH stretch between 293368 cm!', OH stretch
345281 em!. In ester starch showed CO stretch
spectrum at a wavelength of 1,087.8 cm™', CH bend at
a wavelength of 1,417.63 em!,C=C at a wavelength
of 1,643.30 emr!, CH stretch between 2,933 68 cm!,
OH stretch 3,417 81 cm'. These results indicate a shift
in the carbonyl group (CO) and hydroxyl group (OH).

From the results of the absorption peaks seen by
the shift of the carboxyl group of starch from 1,072.37
to 1,087.8 cm™ and a decrease in the OH group is from
345253 to 3.417.81 cm’'. Decreasing of OH group
showed a substitution of hydroxyl groups of starch
molecules with the ester carbonyl group. Increased
carbonyl group due to the addition of starch on starch
esters, carbonyl group substituting OH groups of
starch will lead to changes in the structure of the
modified starch (Perera et al., 1997). Bond formed
indicates that the esterification reaction occurs
between tapioca starch with ethyl lactate ester.

Frying Properties

Modified cassava starch will be applied to
process of coated peanut. Coated peanut processing
was carried out by mixing 5 g of cassava starch and 3
ml of warm water temperature of 60 °C. The dough is
formed and measured initially at D1 diameter. The
spheres are fried in hotoil with temperature 160 °C for
I minute. Fried coated peanuts were measured the
diameter of D2, then calculated the volume expansion.
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Figure 5. FTIR spectum of native starch (red) and ester starch (black)

Volume expansion level data on each variable can be
seen in Table 1 and Figure 6 (a), (b), (c).
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Figure 6. Volume expansion of pilus as function of
ester concentration (a), ester period (b), and pH (c).

Figure 6 (a) shows that the higher ester
concentrations will increase volume expansion level.
The largest volume expansion level is 24389 %
shown in ester concentration of 1.5 %. Most influential
variable in esterification is starch concentration. While
in the time variable esterification and pH levels
decreased volume expansion level. Increasing ester
concentration because the pH solution decreases. pH
on starch effect on the amylose degradation process.
Figure 7 shows the significant difference involume
expansion level between native starch with starch
esters. The decrease in amylose content causes dough
expansion ability (Vatanasuchart et al., 2000).

Sufficient reaction with UV light causes partial
depolymerization of amylose molecules and form
hydrogen-bonded network structure. The network
structure can  absorb and store  water during
gelatinization process. UV drying enough energy help
to improve starch properties development. Increasing
the specific volume caused of increased amount of
water lost during the frying process. At starch
gelatinization due to heating, the water absorbed
evaporated because of the high pressure caused by the
expansion of the current driving force (Sumardiono et
al.,2017; Bertolini er al.. 2001). The process of water
evaporation during frying process causes volume
expansion increasing.

Figure 7. (1) coated peanut before frying, (2) fried
product of native cassava starch, and (3) fried product
of ester cassava starch
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CONCLUSION

Cassava starch was modified to prepare starch-
based rheological properties by esterification with
ethyl lactate. Addition of ester molecules into starch
molecules caused the bonds between starches
molecules weaken thus increasing the value of
swelling power. The higher ester concentration will
replace more hydroxyl groups in starch. Structure of
cassava starch after and before modification has not
changed since the modifications performed under the
gelatinization temperature. Both have a structure that
is round and have irregular pieces at the ends. From
the results of the absorption peaks seen by the shift of
the carboxyl group of starch from 1,072.37 to 1,087 .80
cmr! and a decrease in the OH group is from 3 452.53
to 3417.81 cmr!. Decreasing of OH group showed a
substitution of hydroxyl groups of starch molecules
with the ester carbonyl group, its indicates that the
esterification reaction occurs between tapioca starch
with ethyl lactate esters.
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NOTATION
vi: volume of coated peanut before frying process
vz volume of coated peanut after frying process

REFERENCES

American Associaton of Cereal Chemust. (2000),
Amylose Content of Milled Rice. AACC Method 61-
03.pp. 1 4.

Barrios, S. E., Giammanco, G., Contreras, J. M.,
Laredo, E., and Lopez-Carrasquero, F. (2013),
Characterization of esterified cassava starch with long
alkyl side chains and different subtitution degrees.
International Journal of Biological Marcromolecul.
59: pp. 384-390.

Bertolini, A. C., Mestres, C., and Colona. P, (2000),
Rheological properties of acidified and UV -irradiated
starches. Starch. 52: pp. 340-344.

Bertolini, A. C., Mestres, C., and Colona, P., (2001),
Free radical formation in UV- and gamma-irradiated
cassava starch. Carbohydrate Polymer. 44: 269-271.

Cardenas, O. S., and de Buckle, T. S., (1980), Sour
cassava starch production: a preliminary study. J. of
Food Science. 45: pp. 1509-1528.

Cereda, M. P., (1994), Technologia e qualidade do
palvilho azedo. Informe Agropecuario. 54: pp. 1096-
1107.

Demiate, 1.M., Duppy, N., Huvene, I.P., and
Wosiacki, G., (2000), Relationship between baking
behaviour of modified cassava starch and starch
chemical structure determined by FTIR spestroscopy.
Carbohydrate Polymer. 42: pp. 149-158.

Dias, A. R. G, Zavareze, E. R, Helbig, E., Moura, F.
AL, Vargas, C.G.,and Ciacco,C. F., (2011), Oxidation
of fermented casaava starch using hydrogen peroxide.
Carbohydrate Polymer. 86: pp.185-191.

Fiedorowicz, M., Tomasick, P.,and Lim,S.T., (1999),
Molecular distribution and pasting properties of UV
irradiated corn starches. Starch. 52: pp. 126-131.

Gholap, A. V., Marondeze, L. H., and Tomasik, P.,
(1993), Dextrination of starch with nitrogen laser.
Starch. 45: pp. 430-432.

He, H., and Hoseney, R. C., (1991), Gas retention of
different cereal flours. Cereal Chemical. 68(4): pp.
334-336.

Hujibrechts, A. M. L., Desse, M., Budtova, T.,
Franssen, M. C. R., Visser, G. M., and Boerju, C.G.,
(2008), Physicochemical properties of etherified
maize starches. Carbohydrate Polymers. 74; pp. 170-
184.

Jane, J. L., (1997), Starch functionality in food
processing. Cambridge: The Royal Society of
Chemistry, pp. 26-35.

Jerachaimongkol S., Chonhenchob, V., Naivikul, O.,
and Poovarodom, N., (2006), Modification of cassava
starch by esterification and properties of cassava
starch ester films. Kasetsart Journal. 40: pp. 148-151.

Kaur, B., Arifin, F., and Bhat, R., (2012), Progress in
strach modification in the last decade. Food
Hydrocolloids. 26: pp. 398-404.

Liu,H.,Ramsden, L., and Corke, H., (1999a), Physical
properties  and  enzymatic  digestibility  of
hydroxypropylated ae, wx and normal maize starch.
Carbohydrate Polymers. 40; pp. 175-182.

Liu, H.,, Ramsden, L., and Corke, H., (1999b),
Physical properties of crosslinked and acetylated
normal and waxy rice starch. Starch. 51: pp. 249-252.

Perera, C., Hoover, R., and Martin, A. M., (1997), The
effect of hydroxypropylation on the structure and
physicochemical properties of native, defatted and
heat- moisture treated potato starches. Food Research
International .30 pp. 235-247.

Rajan, A, Prasad, V. S., anf Abraham, T. E., (2006),
Enzymatic esterification of starch using recovered




Reaktor 19(1) Year 2019: 34-41

coconut oil. [Inrernational Journal of Biological
Marcromolecul. 39; pp. 265-272.

Shi, X., and BeMiller, J. N, (2000), Effect of sulfate
and citrate salts on derivatization of amylose and
amylopectin  during hydroxypropylation of corn
starch. Carbohydrate Polymers. 43; pp. 333-336.

Sumardiono, S., Rakhmawati, R. B., Pudjihastuti, I.,
(2018), Physicochemical and Rheological Properties
of Sago (Metroxylon Sagu) Starch Modified with
Lactic Acid Hydrolysis and UV Rotary Drying, Asean
Journal of Chemical Engineering, 18, No. 2, pp. 41-
53.

S. Sumardiono, S., Pudjihastuti, 1., Jos, B., Taufani,
M., and Yahya, F., (2017), Modification of cassava

starch using combination process lactic acid
hydrolysis and microwave heating to increase coated
peanut expansion quality, AIP  Conferences
Proceedings 1840; Vol. 1840, 060005, pp 1-11.

Vatanasuchart, N., Naivikul, O., Chaorenrein, S., and
Sriroth, K., (2005), Molecular properties of cassava
starch with different UV irradiaton to enhance baking
expansion. Carbohydrate Polymer. 61: pp. 80-87.

Woo, K. S., and Seib, P. A., (1997), Cross-linking of
wheat starch and hydroxypropylated wheat starch in
alkaline slurry  with  sodium  trimetaphosphate.
Carbohydrate Polymers. 33; pp. 263-271.

41




Effect of Esterification on Cassava Starch: Physicochemical

Properties and Expansion Abilit

ORIGINALITY REPORT

10% % 10w% %

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Liping Qiu, Fei Hu, Yali Peng. "Structural and
mechanical characteristics of film using
modified corn starch by the same two
chemical processes used in different
sequences", Carbohydrate Polymers, 2013

Publication

T

N VATANASUCHART, O NAIVIKUL, S
CHAROENREIN, K SRIROTH. "Molecular
properties of cassava starch modified with
different UV irradiations to enhance baking
expansion", Carbohydrate Polymers, 2005

Publication

T

Kaur, L.. "Factors influencing the properties of
hydroxypropylated potato starches",
Carbohydrate Polymers, 20040122

Publication

T

Hang Wang, Yalinu Poya, Xiaoli Chen, Ting Jia,
Xiaohong Wang, Junyou Shi. "Hydrogen
peroxide as an oxidant in starch oxidation
using molybdovanadophosphate for

T



producing a high carboxylic content"”, RSC
Advances, 2015

Publication

C. Perera, R. Hoover, A.M. Martin. "The effect
of hydroxypropylation on the structure and
physicochemical properties of native, defatted
and heat-moisture treated potato starches",
Food Research International, 1997

Publication

(K

Olayide S. Lawal. "Effect of
Hydroxypropylation on the Properties of
White Yam (Dioscorea rotundata) Starch",
Starch - Starke, 07/2008

Publication

T

=

Polysaccharides, 2015.

Publication

T

Vinod Kumar, Sweta Yadav, Firdaus Jahan,
Rajendra Kumar Saxena. " ORGANIC
SYNTHESIS OF MAIZE STARCH-BASED
POLYMER USING LIPASE, SCALE UP, AND ITS
CHARACTERIZATION ", Preparative
Biochemistry and Biotechnology, 2013

Publication

(K

José Pedro WOJEICCHOWSKI, Geisa Liandra de
Andrade de SIQUEIRA, Luiz Gustavo LACERDA,
Egon SCHNITZLER, Ivo Mottin DEMIATE.
"Physicochemical, structural and thermal
properties of oxidized, acetylated and dual-

<1%



modified common bean (Phaseolus vulgaris
L.) starch", Food Science and Technology,
2018

Publication

Widya Dwi Rukmi Putri, Haryadi, Djagal <1 o
Wiseso Marseno, Muhammad Nur Cahyanto.
"Role of Lactic Acid Bacteria on Structural and
Physicochemical Properties of Sour Cassava
Starch", APCBEE Procedia, 2012
Publication

Polyanna Silveira Hornung, Rafaela Cristina <1 o
Turola Barbi, Gerson Lopes Teixeira, Suelen
Avila et al. "Brazilian Amazon white yam
(Dioscorea sp.) starch", Journal of Thermal
Analysis and Calorimetry, 2018
Publication

S. N. Moorthy, George Mathew. "Cassava <1 o
Fermentation and Associated Changes in
Physicochemical and Functional Properties”,
Critical Reviews in Food Science and Nutrition,
1998
Publication

Siswo Sumardiono, Isti Pudjihastuti, Budiyono, <1 o

Hansen Hartanto, Intan Clarissa Sophiana.
"Combination process method of lactic acid
hydrolysis and hydrogen peroxide oxidation
for cassava starch modification", AIP
Publishing, 2017

Publication



Garg, S.. ".St.udies on the properties ar\d <1 o
characteristics of starch-LDPE blend films
using cross-linked, glycerol modified, cross-
linked and glycerol modified starch",
European Polymer Journal, 200709
Publication
Samson A. Oyeyinka, Abiodun A. Adeloye, <1 y
Omotayo O. Olaomo, Eugénie Kayitesi. "Effect ’
of fermentation time on physicochemical
properties of starch extracted from cassava
root", Food Bioscience, 2020
Publication
B. Iromidayo Olu-Owolabi, T. Adeniyi Afolabi,
- <lw
Kayode O. Adebowale. " Pasting, Thermal,
Hydration, and Functional Properties of
Annealed and Heat-Moisture Treated Starch
of Sword Bean () ", International Journal of
Food Properties, 2011
Publication
Bea-Young Kim, Byoungseung Yoo. "Effects of
L . <l%
cross-linking on the rheological and thermal
properties of sweet potato starch", Starch -
Starke, 2010
Publication
Hornung, Polyanna Silveira, Cristina Soltovski <1 o

de Oliveira, Marcelo Lazzarotto, Simone Rosa
da Silveira Lazzarotto, and Egon Schnitzler.
"Investigation of the photo-oxidation of



cassava starch granules : Thermal, rheological
and structural behaviour", Journal of Thermal
Analysis and Calorimetry, 2015.

Publication

Kittiwut Kasemwong. "Effect of high-pressure <1 y
microfluidization on the structure of cassava ’
starch granule", Starch - Starke, 03/2011
Publication
Singamayum Khurshida, Sankar Chandra

o . <l%
Deka. "Application of microwave and
hydrothermal treatments for modification of
cassava starch of Manipur region, India and
development of cookies", Journal of Food
Science and Technology, 2021
Publication
T. T. Khidr. "Synthesis and Evaluation of

. <l
Copolymers as Pour-point Depressants”,

Petroleum Science and Technology, 2007
Publication

W Widayajc, A'N Annisa. "Synthesis and <1 o
Characterization of ZSM-5 Catalyst at
Different Temperatures", IOP Conference
Series: Materials Science and Engineering,

2017
Publication
Andressa Gabardo Granza, Polyanna Silveira <1 o

Hornung, Acacio Antonio Ferreira Zielinski,
Alessandro Nogueira et al. "Gluten-free baked



foods with extended shelf-life", Journal of
Food Science and Technology, 2018

Publication

Dias, A.R.G.. "Pasting, expansion and textural <1 o
properties of fermented cassava starch ’
oxidised with sodium hypochlorite",

Carbohydrate Polymers, 20110211

Publication

Shin-ichiro Shoda, Hiroshi Uyama, Jun-ichi <1 y
Kadokawa, Shunsaku Kimura, Shiro ’
Kobayashi. "Enzymes as Green Catalysts for

Precision Macromolecular Synthesis",

Chemical Reviews, 2016

Publication

Andréa C. Bertolini, Christian Mestres, Jacques <1 y
Raffi, Alain Buléon, Dan Lerner, Paul Colonna. ’
"Photodegradation of Cassava and Corn

Starches", Journal of Agricultural and Food

Chemistry, 2001

Publication

Exclude quotes On Exclude matches Off

Exclude bibliography On



Effect of Esterification on Cassava Starch: Physicochemical
Properties and Expansion Abilit

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

PAGE 6

PAGE 7

PAGE 8




