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Abstract: Making foam using starch as an alternative material to replace a conventional material, polystyrene,
is one of the solutions to solve an environmental problem due to the waste of foam made from polystyrene
cannot be degraded. This study aims to analyze the crystalline properties of cassava starch and biofoam made
from it using X-ray diffraction (XRD) spectroscopy. From the XRD data of cassava starch, the peaks of 20 were
analyzed to determine the type of cassava starch used in this study. The index of crystallinity of both cassava
starch and its associated biofoam was calculated from XRD data. XRD data of cassava starch show 4 main
peaks of 26: 15.0°, 17.0°, 17.9°, and 23.0°, and 3 minor peaks at 11.0°, 20.0°, 26.0°. Based on the main
peaks from this XRD data, cassava starch can be categorized as an A-type starch. For cassava starch biofoam,
there is only 1 main peak of 26 at 19.7°, and 5 minor peaks at 11.0°, 15.4°, 21.7°, 23.0°, and 26.4°. The
decrease in the crystallinity from the starch to the associated biofoam is shown by the decrease in the index of
crystallinity, which decreases from 41.0% in starch to 28.3% in biofoam.

Keywords: Cassava, Starch, Crystallinity Index, XRD.

*Corresponding author: philip.patty @ gmail.com

Article history: Received 10 April 2023, Accepted 04 June 2023, Published June 2023.

http://dx.doi.org/10.12962/j24604682.v19i2.16576
2460-4682 ©Departemen Fisika, FSAD-ITS

I. INTRODUCTION

Styrofoam and other products of conventional plastics have
become an environmental issue due to the waste they pro-
duced. Styrofoam is made from polystyrene, a polymer con-
sisting of styrene monomers. They have been used in many
products, such as insulators [1], floatation devices [2], egg car-
tons [3], food packaging [4], and also for electronics and other
fragile packaging. Since styrofoam is made from polystyrene
which is difficult to degrade, and they are used in many prod-
ucts as mentioned, they produce waste everywhere to be dealt
with and cause an environmental problem.

One of the solutions to the environmental problem due to
the waste of styrofoam is by recycling [5]. However, there are
some challenging issues in recycling styrofoam. Firstly, sty-
rofoam is difficult to collect, and one of the reasons for that is
the material can be blown easily by wind. Secondly, the mate-
rial is difficult to transport in large quantities since its ratio of
weight to volume is very low. Thirdly, The material is easily
contaminated, most often by food, hence recycling calls for
a labor-intensive cleaning process. Based on these challeng-
ing issues, another solution than recycling is needed, and an
alternative material to replace polystyrene is one of the best
solutions. One of the alternative materials is starch, a poly-
mer that consists of glucose monomers joined by glycosidic
bonds. Since starch is a plant material, it is easy to degrade,
thus suitable for replacing polystyrene in making foam.

Many researchers have used starch to make foam, bio-
foam, and study their physical and chemical properties.

Some starches used are corn starch [6,7], cassava starch [8],
potato starch [9], sago starch [10], and wheat [11], where
the researchers tried to do some modifications to make the
starch based-biofoam to be comparable to the conventional
polystyrene-based styrofoam.

Cassava is one of the traditional Indonesian plants, and
cassava starch has been used by many researchers to make
biofoam, where they studied the properties of the cassava-
based biofoam. Some of the properties of biofoam studied
are biodegradability and water absorption [8], tensile strength
and water absorption and solubility in the presence of natural
fiber and chitosan [12,13], mechanical properties and water
resistance in the presence of citric acid and sugarcane bagasse
cellulose fiber [14], crystallinity, water absorption as well as
surface morphology [15].

In addition to the characterization of cassava-based bio-
foam, many researchers also studied the properties of cas-
sava starch itself. The properties of cassava starch studied
are physicochemical properties [16], chemical and functional
properties [17], structural and techno-functional properties
[18], and crystalline properties [19,20,21].

Based on XRD data, starches can be classified as type A,
type B, and type C, where XRD data of type A starch shows
peaks of 26 at 15°, 17°, 18°, and 23°, type B starch at 5.6°,
15°,17°, 20°, 22°, and 24°, and type C starch, a combination
of type A and type B, at 5.6°, 15°, 17°, and 23° [22]. Us-
ing this classification, cassava starch has been categorized as
type A starch [15,19,23]. However, other researchers showed
that cassava is type B starch [21], and some others are type C
starch [24,25]. It is of interest, then, to study the properties
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of cassava starch from Indonesian cassava plants based on the
XRD data to know its type as well as the properties of biofoam
made from it.

This study aims to characterize the crystallinity properties
of cassava starch and also biofoam made from the starch using
XRD spectroscopy. From the XRD data of cassava starch, the
type of starch can be determined, and the index of crystallinity
of the starch can be calculated. From the XRD data of bio-
foam, the index of crystallinity can be determined, from which
one can observe how the crystallinity changes from starch to
biofoam.

II. METHOD

The cassava starch was prepared from cassava roots taken
from a local garden in Ambon Island, Indonesia. From the
starch, the biofoam was prepared, and both starch and bio-
foam were observed under an XRD spectrophotometer to an-
alyze their crystallinity properties.

A. Starch and Biofoam Preparation

For starch preparation, first, the cassava was peeled,
washed, and then ground using a grinder. After grinding, the
paste of cassava was mixed with distilled water with a ratio
of 1:3, and the slurry was filtrated through a double layer of
cheesecloth. The filtered slurry was then allowed to rest for
two hours for the process of sedimentation. The liquid at the
top was decanted and discarded. The process of filtration was
done twice. The sediment then was dried in the oven at 45° C
for 48 hours and stored in a container for further analysis.

B. Crystalline Analysis

For crystallinity properties analysis of starch and its associ-
ated biofoam, an XRD spectrophotometer was used. For this
purpose, XRD Rigaku MiniFlex 2 was used. The monochro-
mator is Cu-Kev radiation with A = 1.5405 A at a power of 30
kV, 15 mA under an angle of 260 ranging from 3° — 145° with
an interval of 0.02°. For XRD measurements, the sample of
cassava starch was used directly without any treatment, but a
sample of cassava starch-based biofoam was ground to find a
powder using a mortar and pestle. The raw data of XRD was
truncated between 10° to 30° of 26, since at 20 larger than 30°
there were no peaks observed. The data was also smoothed by
applying a Savitzky-Golay filter with the polynomial degree
of 3 and 40 points for clarity.

The index of crystallinity /- of cassava starch and its asso-
ciated biofoam was determined by analyzing the XRD data of
both samples and was calculated using Eq. (1) [20]

Ao+ AL’

where Ac and A 4 are the areas of crystalline and amorphous
parts, respectively. The crystalline area A was determined
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FIG. 1: XRD data of cassava starch and the image of the starch (in-
set).

by integrating the area under the peaks of XRD data, while
Ac + Ay was by integrating the whole area of the XRD data.

III. RESULTS AND DISCUSSION
A. Type of Cassava Starch Identification Based on XRD

Fig. 1 shows the XRD data of cassava starch and the image
of the starch (inset). For convenience, the data were smoothed
as explained in the methodology, and both raw and smoothed
data are shown in the figure. There are 4 main diffraction
peaks of 26: 15.0°, 17.0°, 17.9°, and 23.0°, and 3 minor
peaks at 11.0°, 20.0°, 26.0°. Based on the main peaks from
this XRD data, Cassava starch can be categorized as an A-type
starch. This result is consistent with the previous data which
also found cassava starch as an A-type starch [15,19,23].

XRD data in Fig. 1 indicates that cassava starch granules,
like all other starch granules, consist of both crystalline and
amorphous parts, thus semi-crystalline. The granule contains
two major polysaccharides, amylose, and amylopectin. Amy-
lose is a linear polymer of a-(1—4)-linked D-glucose units
containing a very small number of a-(1—6) linked branches,
while amylopectin is a high branch molecule with a-(1—4)-
linked D-glucose backbone and «-(1—6) linked branches.
The chain of amylose molecules is long, consisting of hun-
dreds to thousands of glucosyl units [26], while the chain of
amylopectin molecules is short [27] and contains very exten-
sive branches, thus a very complex molecular structure. The
short-chain amylose molecules form double helices which
crystalize in crystalline parts of the granule [28]. It has been
shown previously that a starch granule consists of rings of
crystalline and amorphous parts alternately as shown in Fig.
2 A. The diameter of cassava granules is in the range of 3
to 16 pm [21,29]. Crystalline ring parts, which contribute to
the peaks in XRD data, contain double helices of amylopectin
(Fig. 2 B). For an A-type starch like cassava, the double he-



P. J. Patty / J.Fis. dan Apl., vol. 19, no. 2, pp. 49-53, 2023

e,
e, .
LAY

©

FIG. 2: A. Rings of crystalline (black) and amorphous (white) parts
alternately in a granule. B. Double helices of amylopectin in crys-
talline parts. C. Double helices were packed in a monoclinic unit cell
(Top view) with lattice parameters a=2.12 nm, b=1.17 nm, ¢ = 1.07
nm, and v = 123.5 [30] in an A-type starch-like cassava starch.
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FIG. 3: XRD data of cassava starch-based biofoam and the image of
biofoam (inset). For comparison, the XRD data of cassava starch has
been added.

lices were packed in a monoclinic unit cell with lattice param-
etersa=2.12nm, b= 1.17 nm, ¢ = 1.07 nm, and v = 123.5
[30] as shown in Fig. 2 C.

Other studies found that cassava starch is a B-type starch
[21], where the peaks were observed at 26 of 5°, 15.3°,
17.23°, and 22.71°. Compared to the results of our study,
there is an extra peak at 5° and the absence of a peak at 18°.
Other studies categorized cassava starch as a C-type starch,
where the 260 peaks were observed at 15°, 17°, and 22.7° [25].
Compared to the results of our study, there is an absence of
peak 18°. The results that some cassava starches like in this
study are type A, some are type B and C indicate the variety of
the cassava starch. The variety can be caused by geographical
origin, where the environment affects the structure of cassava
starch, and genetic variation due to different varieties.

B. Change of Crystallinity from Starch to Biofoam

To see the change of crystallinity from cassava starch to
cassava starch-based biofoam, XRD data of the starch and the
associated biofoam were compared. Fig. 3 shows the XRD
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FIG. 4: A. Integration of crystalline area (shaded area) of cassava
starch. B. Integration of crystalline and amorphous areas (shaded
area) of cassava starch.

data of cassava starch-based biofoam and the image of the
biofoam (inset). For convenience, the data were smoothed
as explained in the methodology, and both raw and smoothed
data are shown in the figure. For comparison, the XRD data
of the starch from Fig. 1 is also shown. The figure shows
that XRD data of the biofoam contains only 1 main peak of
260: 19.7°, and 5 minor peaks, 11.0°, 15.4°, 21.7°, 23.0°, and
26.4°. There are 3 feature differences between XRD data of
cassava starch and its associated biofoam. Firstly, the main
peaks of 17.0° and 17.9° in starch XRD data disappeared
in associated biofoam XRD data. Secondly, the main peaks
of 15.0° and 23.0° in starch XRD data became minor peaks
in associated biofoam XRD data. Thirdly, the minor peak of
20.0° in starch XRD data became the main peak in associated
biofoam XRD data. In addition, the minor peaks of 11.0° and
26.0° in starch XRD data appear as minor peaks in associated
biofoam XRD data. A similar change of XRD peaks from cas-
sava starch to the associated biofoam incorporated with grape
stalks has also been observed [25].

The change from 4 main peaks in cassava XRD data to
1 main peak in associated biofoam XRD data indicates that
there is a decrease in crystallinity when cassava starch was
processed to become biofoam. Quantitatively, the crystallinity
is measured by an index of crystallinity.

The index of crystallinity of cassava starch was determined
using Eq. (1). The crystalline area was determined by inte-
grating the area under the curve of the peaks, while the whole
area, crystalline plus amorphous areas, was by integrating the
area under the curve of the whole data. Fig. 4 A shows the
crystalline area integrated (shaded areas) and the results of the
integration are summarized in Table 1. The total crystalline
area was found to be 22,015.4 a.u.. To determine the whole
area, the integration was conducted from the minimum to the
maximum of 20. Fig. 4 B shows the whole area integrated
(shaded area) and the results of the integration are summa-
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FIG. 5: A. Integration of crystalline area (shaded area) of cassava
starch-based biofoam. B. Integration of crystalline and amorphous
areas (shaded area) of cassava starch-based biofoam.

rized in Table 1, where the total of the whole area was found
to be 53,559.8 a.u.. The index of crystallinity of cassava starch
was found to be 41.0%. This index is approximately the same
as what was found previously [19].

TABLE I: The crystalline and whole area of cassava starch XRD data
calculated from the shaded area in Fig. 4

No Shaded Area Peaks Area (a. u.)
11.00 1238.8
15.00 4561.3
17.00 3175.7

1 Crystalline 17.99 3259.9

20.00 2374.7
23.00 5336.2
26.00 2068.8
Total 220154

: Whole 53559.8

The index of crystallinity of cassava starch-based biofoam
was determined using Eq. (1). Fig. 5 A shows the crystalline
area integrated (shaded areas) and the results of the integra-
tion are summarized in Table II. The total crystalline area was
found to be 18,297.3 a.u.. To determine the whole area, the in-
tegration was conducted from the minimum to the maximum
data. Fig. 5 B shows the whole area integrated (shaded area)
and the results of the integration are summarized in Table II,
where the total of the whole area was found to be 64,563.6
a.u.. The index of crystallinity of cassava starch-based bio-
foam was found to be 28.3%.

The results of the index of crystallinity of cassava starch
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TABLE II: The crystalline and whole areas of cassava starch-based
biofoam XRD data calculated from the shaded area in Fig. 5

No Shaded Area Peaks Area (a. u.)

11.00 1200.9
15.40 1676.9
19.70 6321.1

1 Crystalline 21.70 3766.5
23.00 3483.5
26.40 1848.4
Total 18297.3

2 Whole 64563.6

and its associated biofoam show that the index of crystallinity
decreases as starch was processed into biofoam. The decrease
may be caused by the fact that in the process of gelatiniza-
tion during thermal processing from starch to foam [27], the
structure of the granule is destroyed partially or totally, which
eventually results in an amorphous matrix [28]. This amor-
phous matrix can explain why the index of crystallinity de-
creases, thus the change of the peaks in XRD data from cas-
sava starch to its associated biofoam. It also has been shown
that the mechanical treatment of starches results in a decrease
in the index of crystallinity [20].

IV. CONCLUSION

In this study, the crystallinity of cassava starch and biofoam
made from it was analyzed using XRD spectroscopy. For cas-
sava starch, there are 4 main diffraction peaks of 26: peaks at
15.0°, 17.0°, 17.9°, and 23.0°, and 3 minor peaks at 11.0°,
20.0°, 26.0°. Based on the main peaks from this XRD data,
cassava starch can be categorized as an A-type starch. An
A-type starch consists of crystalline and amorphous parts ar-
ranged as radial rings alternately in a granule, where a crys-
talline ring contains double helices of highly branch amy-
lopectin molecules, packed in a monoclinic unit cell. For cas-
sava starch biofoam, there is only 1 main peak of 26: 19.7°,
and 5 minor peaks at 11.0°, 15.4°, 21.7°, 23.0°, and 26.4°.
The crystallinity of cassava starch decreases after being pro-
cessed into biofoam. This is indicated by the decrease in the
number of main peaks from 4 to 1, as well as the index of
crystallinity, which decreases from 41.0% in starch to 28.3%
in biofoam.
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