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Abstract
Starch-based bioplastic was more economical and competitive compared to bacteria-based bioplastics
(polylactic acid, polybutylene succinate, and pol yhydroxyalkanoates ) due to the starch variances and the availability
in Indonesia, along with the simple techniques that can be applied. This review aimed to describe the potential and
opportunities of edible canna starch as an alternative raw material of bioplastics production. Edible canna tuber
productivity in Java, Indonesia, with a harvest age of about eight months reaches 30-49 4 tons/ha. It will produce a
mature segment 70.2% of the total harvest weight. Edible canna tuber was a carbohydrate source that contains
88.10% starch with an advantage of 68% higher fiber and mineral content than other tubers. Furthermore, canna
tuber starch contains amylose proportions of 350%. The high amylose content in canna starch is one of the
properties that can position its function for developing packaging materials. The gelatinization process of canna
starch requires a short time and low energy because of its large granule size (56 um). A literature review of canna
starch as an alternative of bioplastic raw materials needs to be carried out to obtain accurate data and information
regarding treatment, use of additional materials, and characteristics of bioplastic products resulting from
experimental studies so that they can be further implemented.
Keywords: bioplastics, edible canna, starch

Abstrak

Penggunaan pati sebagai salah satu bahan utama produlksi bioplastik bernilai lebih ekonomis dan kompetitif
dibandingkan dengan bioplastik berbasis bakteri (polylactic acid, polybutylene succinate, dan polyhydroxyalka-
noates) karena variasi dan jumlahnya yang melimpah di Indonesia dan teknologi sederhana yang dapat
diaplikasikan. Tujuan kajian literatur ini adalah untuk menggambarkan potensi dan peluang pati ganyong sebagai
alternatif bahan baku pembuatan bioplastik. Produktivitas umbi ganyong di Pulau Jawa dengan umur panen sekitar
8 bulan mencapai 30-49,4 ton/ha. Ganyong merupakan sumber karbohidrat yang mengandung 88,10% pati dengan
keunggulan berupa 68% kandungan serat dan mineral pada pati yang lebih tinggi dibanding umbi-umbian lain.
Parti umbi ganyong juga mengandung amilosa sebanyak 35,0%. Kandungan amilosa yang tinggi pada pati ganyong
merupakan salah satu sifat yang berfungsi dalam pengembangan bahan pengemas. Proses gelatinisasi pati ganyong
membutuhkan waktu yang sebentar dan energi yang rendah karena ukuran granulnya yang besar (56 m). Kajian
pustaka pati ganyong sebagai alternatif bahan baku bioplastik perlu dilakukan untuk mendapatkan keakuratan data
dan informasi mengenai perlakuan, penggunaan bahan tambahan, dan karakteristik produk bioplastik yang
dihasilkan dari kajian eksperimen agar dapat diimplementasikan lebih lanjut.
Kata kunci: bioplastik, ganyong, pati

INTRODUCTION cy of plastic materials in everyday life due to being

lighter and easier to shape according to the desired

Conventional plastics have high demand and design and size. These characteristics are not
usage for primary, secondary, and even tertiary shared by other types of packaging, such as glass
packaging in daily human life. The use of conven- or metal. The continuous use of conventional
tional plastics increases with the increasing urgen- plastics is detrimental due to their complex nature
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to decompose naturally, increasing pollution and
environmental damage (Kuruppalil, 2011;
Santiago et al., 2015).

Various ways have been made to reduce plas-
tics, including reusing, reducing, and recycling.
Research on bioplastics is evolving to overcome
the use of conventional plastics, given their biode-
gradable nature, and can fertilize the soil when re-
turned to nature. Bioplastics decompose faster be-
cause they utilize natural polymers such as fats,
cellulose, polylactic acid (PLA), and starch.
(Malathi et al., 2014; Imran et al., 2014; Jabeen et
al., 2015; Susanti et al., 2015). However, bioplas-
tics have a low resistance to mechanical strength
and are naturally hydrophilic (Kumar and Thakur,
2017).

Starch is a material that can be used in the
production of bioplastics. Starch is obtained by ex-
tracting vegetal material that contains carbohy-
drates, such as cereals and various tubers. Sources
of carbohydrates that contain lots of starch include
sago, corn, cassava, rice, sorghum, sweet potatoes,
canna, taro, and arrowroot. The unique functional
characteristics of starch allow it to be applied to
various purposes, such as food and non-food addi-
tives (Koswara, 2009; Kamsiati et al., 2017). Ac-
cording to Jabeen et al. (2015), starch-based bio-
plastics have the most significant demand than
other types. Starch is more competitive, economi-
cal, and sustainable than petroleum since it is
based on renewable materials. The process of bio-
plastics production from starch is simpler than
other raw materials, such as bioplastics-based pro-
duction involving bacteria (polylactic acid (PLA),
polybutylene succinate (PBS), and polyhydroxy-
alkanoates (PHA)). The use of starch is flexible
enough to be developed with various methods of
making bioplastics. Cassava and corn starch are
widely used in the production of bioplastics,
which conflicts with food interests (Sriroth et al.,
2001; Lu et al., 2009).

The abundant availability of starch in
Indonesia makes it one of the preferred materials
for producing bioplastics (Gadhave et al., 2018).
Porang (Amorphophallus mueller) tubers, durian
seed, and cassava peel starch (Harsojuwono et al.,
2019; Thulasisingh et al., 2021; Khalil et al.,2018)
are often used as biodegradable plastic raw mate-
rials. However, sago, sorghum, and edible canna
starch (Imran et al., 2014; Santiago et al., 2015)
are still rarely used. So far, starch-based bioplas-
tics have been quite developed, considering the
immense potential of natural resources explored in
Indonesia. However, the selection of various types

of starch developed and used as bioplastic materi-
als to date is not sufficient to conclude on which
type of starch is the best, considering the quality
of both the mechanical and chemical characteris-
tics of the bioplastics produced is quite varied.

Edible canna (Canna edulis Kerr) is easy to
grow and does not have any particular pests and
diseases. Edible canna thrives in areas with low
nutrition and can grow throughout the year. Be-
sides growing in low-nutrient arcas, edible canna
can also grow without irrigation on marginal soils
or sloping land (Damayanti et al., 2017). The har-
vest period for edible canna is between 8-12
months (Hasanah & Hasrini, 2018; Utami &
Diyono, 2011). In general, edible canna is used as
an ingredient for consumption and even as animal
feed. Figure 1 shows the appearance of edible
canna.

Edible canna starch is starting to be applied
as an industrial commodity dominate by food sec-
tor users. Some of its uses include making cookies,
cendol, noodles, and edible coatings (Anggarini et
al., 2016). The edible canna utilization is based on
the starch characteristics, which has a higher
amylose content of starch. The presence of high
amylose in starch contributes to the bioplastic’s
tensile strength. The linear structure of amylose
makes it easier to bind with other amylose mole-
cules through hydrogen bonds than amylopectin
(Maryanti et al., 2016).

This review aimed to describe the potential
and opportunities for canna commodity as an al-
ternative source of starch as a bioplastic raw ma-
terial which can then be studied further as biode-
gradable packaging material. This knowledge is
notable, since it can help head the future research
and perfection of starch-based biodegradable plas-
tic, particularly from tuber-based plant as a local
wisdom abundant in Indonesia.

Figure 1. Edible Canna Tubers (Canna edulis Kerr.)
(Witthayanant, 2000)
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DISCUSSION

Edible Canna Tuber Potential

In Indonesia, there are two cultivars of edible
canna, specifically red and white edible canna.
Red edible canna can be identified by the purple-
ish or reddish stems, leaves, and midribs, while the
white edible canna is identified by its green stems,
leaves, midribs, and brownish rhizome scales.
Compared to white edible canna, red edible canna
has bigger stems, is mildly light-resistant and
drought-resistant, and is challenging to produce
seeds. The yield of wet rhizomes is more promi-
nent but has a low starch content. Red canna rhi-
zome is usually eaten fresh or boiled. White canna
is smaller and shorter, less resistant to light but
drought-tolerant, produces seeds, and propagated
into plant saplings. The yield of wet rhizomes is
smaller with a high starch content and is com-
monly used as a starch source (Imai, 2008).

In the process of growth, edible canna has
only one main segment. The main sections grow
into new segments within two months after the
planting process. The new segment that grows and
develops in the stem cell (main segment) is called
the mature segment. Mature internodes can grow
new internodes when the third month of planting
is called the premature segment. The development
and further growth of premature segments produce
immature segments. The immature segments pro-
duce edible canna stems with 5 inches height.
These sections will develop into mature segments
(Vankar & Srivastava, 2018). Edible canna can be
harvested after the seventh month of planting,
ready to be harvested when they reach several
physical characteristics as follow, (1) yellowish
skin color, (2) the ends of each internode are
covered with purple scales, and (3) have five or six
generation internodes. The average weight and to-
tal weight of edible canna starch per tuber are
described in Table 1.

Based on Table 1, an average rhizome con-
sists of 52 segments. The immature segment is the
most compared to other sections (56.5%). This im-
mature segment indicate that the rhizome is still
developing and can still produce canna tubers
(Puncha-arnon et al., 2007). The mature segment
average weight is the highest compared to the
other segment. This high weight is due to the pres-
ence of starch in the mature segment. The lowest
segment weight of 0.8% is the main segment, be-
cause several main segments are fibers derived
from complex starch. The lowest starch content
(3.5 grams) was found in the main segment. This
low starch content indicates that the main segment
continuously uses starch to energize the rhizomes
when there is a lack of water and new internodes'
growth after two months of planting.

With the morphological characteristics of the
segmented tubers, it is beneficial for farmers to
provide canna tuber material in a sustainably man-
ner in meeting the needs of canna starch for vari-
ous needs, one of which is the development of bi-
oplastics. In addition, applying the main segment
for producing new bulbs is more efficient than
growing a new plant from seeds. In these ways, we
could maintain the strain of plants and improve the
quality of the tuber’s origin.

The starch in edible canna is 88.10%, with an
amylopectin content of 53.11% and an amylose
content of 35% (Aprianita et al., 2014). The tem-
perature around the planting location also affects
the amylose content produced; the higher the tem-
perature, the lower the amylose content (Matsue et
al., 2002). Edible canna starch has a higher
amylose content than sweet potato, cassava, taro,
and potato starch (Hung & Morita, 2008). The op-
timal starch content is obtained when the harvest
period is more than 12 months. Based on edible
canna characteristics, they are identical to sweet
potato starch content of 87.10%. with amylose
content of 15.9%, and amylopectin content of
T1.2%.

Table 1. Edible canna characteristics based on the segment classification (Puncha-arnon et al., 2007)

Attribute Immature Premature Mature Main
Segment Segment Segment Segment

Average number of segments per 29 /565 8/14.6 14 /27.0 1/19
plant (segments/%)
Average weight of segments per plant 746.9/ 140 7969 /150 3,7352/70.2 44.7/08
(/%)
Total starch per plant (g) 102.3 1,155.4 6947 35
Moisture content (% based on wet 74.5 71.5 714 82.6

weight)
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Indonesian Ministry of Health stated that
edible canna tubers have 68% fiber and mineral
content in starch higher than other tubers
(Departemen Kesehatan Republik Indonesia,
1992). This plant's production is highly dependent
on plant care, soil type, and other production fac-
tors. In Java, Indonesia, edible canna tubers’
productivity is around 30 tons/ha, with the poten-
tial to reach 44.5-49 .40 tons/ha at the age of eight-
month-old of harvest. This plant is cultivated
regularly in Central Java (Klaten, Wonosobo, and
Purworejo Regency) and East Java (Malang and
Pasuruan Regency). Indonesian Directorate
General of Food Plants stated that edible canna is
one of the prioritized root crops to be developed.
Its production continuously increased in support
of food diversification (Direktorat Jenderal
Tanaman Pangan, 2017).

Based on its plant morphological properties
and productivity, it is shown that edible canna has
a massive potential to be industrial commodities.
It could be an alternative starch-based commodity,
both for use as food and non-food raw material.
Nevertheless, with the emergence of starch
product alternatives, it is better to determine the
boundary on the use of commodities used to fulfill
food and non-food needs due to conflict of interest
between sectors.

Characteristics of Starch Tubers

Starch from plants comprises two types of
different carbohydrates compositions, called am-
ylose and amylopectin. Amylose is a straight-
chain polysaccharide, part of the starch granules
consisting of a-1.4 glycoside glucose molecules.
Amylopectin is a branched polysaccharide, part of
the starch grains (granules) consisting of glucose
molecules bound to each other through a-1.4 gly-
coside bonds and branching through o-1.6 glyco-
sidic bonds.

Amylopectin has a larger constituent mono-
mer than amylose, so amylopectin forms a larger
polymer than amylose. The ratio of amylose and

amylopectin affects the starch paste's ability to
form a gel or thickening of the paste. The intermo-
lecular hydrogen bonds that form the starch play a
role in determining the gel or film's cohesiveness.
The linear structure of amylose makes it easier to
bind with other amylose molecules through hydro-
gen bonds than amylopectin. Therefore, the
strength of the gel or starch is determined mainly
by the amylose content. The higher the amylose
content, the greater the ability to form a gel and
film layer. In contrast, amylopectin with a large
and branched structure forms relatively weak hy-
drogen bonds.

The amylose and amylopectin content affects
starch physicochemical properties, including wa-
ter absorption, solubility, degree of starch gelati-
nization, and swelling power. Starch with high
amylose content tends to absorb more water, is
drier, and is less sticky (Jading et al., 2011;
Koswara, 2009). Meanwhile, the higher the amy-
lopectin content in starch tends to absorb less wa-
ter, is wetter and stickier. The higher the amylo-
pectin content, the easier it is to form the gel be-
cause of the lower gelatinization temperature. Ge-
latinization is a swelling process of starch granules
due to heat and water, which evolved the granules’
inability to return to their original shape (Sara et
al_,2018).

Table 2 shows that the starch in several types
of tubers contains different levels of amylose and
amylopectin. The composition of amylopectin as
a starch constituent ranges from 70 - 85%, and the
amylose composition ranges from 15 - 30% (Sara
et al., 2018). The tubers starch proportion is
greatly affected on ditferent cultivars and varieties
in severally plant. Planting treatments and condi-
tions also influence the proportion of amylose and
amylopectin in various types of tubers (Noda et
al., 2002). Edible canna starch has the greater
amylose content among other types of tuber’s
starch, reaching 35.0%. The high amylose content
on edible canna starch shows great opportunities
use as an alternatives of bioplastic materials.

Table 2. Types of starch and its constituent components (Aprianita et al., 2014)

Starch Type Starch content (%) Amylose (%) Amylopectin (%)
Sweet potato 87.1 15.9 71.2
Taro 754 10.1 65.2
Cassava 855 14.6 70.1
Yam 82.1 23.7 58.4
Canna 88.1 35.0 53.0
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Figure 2. Characteristics of Edible Canna Starch Based on Harvest Period (Puncha-armon et al., 2007)

Figure 3. Scanning Electron Micrographs of (a) Taro Starch (5000x) (Suhery, Anggraini, & Endri, 2015), (b)
Cassava Starch (1000x) (Widyatmoko, Subagio, & Nurhayati, 2018), (¢) Mature Edible Canna (500x) (Puncha-
arnon et al., 2007), (d) Potatoes (500x) (Szymonska, Targosz-Korecka, & Krok, 2009), (e) Sweet Potato (1000x)

(Ginting et al., 2005)

The difference in starch content can be
affected by the level of purity in the starch extrac-
tion process. The more impurities present in the
starch powder, the lower the starch content per
unit mass. Some of the impurities commonly
found in starch include fiber, sand, dirt, and other
substances, identified as non-starch compounds.
Starch content is also influenced by the optimum
harvest age of starch source material. The faster
the plants are harvested from the optimum harvest
age, the lower the starch concentration produced.
Harvest age on tubers can affect the level of starch
produced. When harvesting is done at the right

time, the ingredients will contain optimum starch
and little sugar content. The starch content in tu-
bers harvested during the rainy season has a rela-
tively lower starch content due to its high water
content (Asgaret al., 2011).

Figure 2 shows that the characteristics of
canna starch granules are very dependent on the
tubers' harvest time. The size of canna starch gran-
ules at each harvest age ranges from 15 - 20%.
Granule sizes range from 10 micrometers to 140
micrometers. Starches from the immature, prema-
ture, mature, and main segments show almost the
same granule size, with a peak point in the size of
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50-60 micrometers. However, a slight shift in the
proportion of canna starch granule size shows a
larger size when immature to early development.
The average size of starch granules from imma-
ture, premature, and mature segments was 54, 53,
and 60 micrometers. On the other hand, there are
differences in granule distribution patterns that oc-
cur in the main segment. The starch granules' size
in the main segment tends to be smaller, an aver-
age of 46 micrometers. Compared to the other seg-
ments, the granule size of the main segment is
much smaller. This size difference is due to the
starch composition in the main segment that has
turned into fiber (Puncha-arnon et al., 2007).

The starch granules size ranges from 1 mi-
cron to 150 microns, related to the gelatinization
temperature. Figure 3 shows the scanning electron
micrographs of taro, cassava, mature edible canna,
potatoes, and sweet potato starch. Table 3 shows
that the smallest starch granule size is found in taro
starch with a granule size of 2 microns with a
relatively high gelatinization temperature of 75.4 -
80.2 °C. Large sizes starches granule tends to have
alow gelatinization temperature due to their weak,
molecular bonds. Thus that the energy required for
the process is low. Whereas small-sizes starch
granule tends to have high gelatinization tempera-
tures due to their strong molecular bonds high en-
ergy are required for the process (Jading et al.,
2011; Koswara, 2009). Gelatinization is when
pure starch is heated in water; starch grains will
expand so that the hydrogen bonds in the amor-
phous unit will be damaged and, will break at a
specific temperature (Jabeen et al., 2015). By
choosing canna starch from a mature segment,
starch granules with a more homogeneous size
will be obtained. Thus, the gelatinization temper-
ature will be more stable with lower processing
energy.

Gelatinization temperature is when the starch
granule phase transitions from a regular to an ir-

regular state. The temperature of starch gelatiniza-
tion is influenced by the type of plant, moisture
content, pH, sugar, fat, degree of cross-linking of
amylopectin, the number of damaged starch
grains, and the technology used (Jabeen et al.,
2015). Some things that need to be considered in
the starch gelatinization process are the composi-
tion of the water. If the dissolved starch solution is
concentrated. the starch particles will be deposited
(Al & Jane, 2015).

Canna Starch Potential as a Bioplastic Raw
Material

Bioplastics are obtained from biopolymers
formed in the biological systems of organisms, es-
pecially plants such as starch, lignin, and cellu-
lose. Biopolymers have biodegradability proper-
ties that allow biopolymer-based products to de-
grade naturally. In recent years, the use of bioplas-
tics increased to 2.11 Mt per year in 2019 and is
expected to be increasing to reach 2.4 Mt per year
by 2024 (European Bioplastics, 2021). It should
be noted that bioplastics must be distinguished
from synthetic bio-based plastics made from
monomers derived from biological systems and
bio-based polymers are not always biodegradable.
The utilization of edible canna starch, both in the
form of natural and modified biopolymers, should
be analyzed and studied further to identify whether
they show appropriate behavior when they end up
in the environment.

As a potential alternative bioplastic material,
Canna starch has a granule size of 56 micrometers
with a relatively low gelatinization temperature of
69.8 - 77 °C. This granule's size is the biggest
compared to others. The size of canna starch
granules is influenced by the harvest period's
length, which is 8-12 months. According to
Puncha-arnon et al. (2007), the granules' size was
influenced by the length of the harvest period for
the tubers. The longer the harvest time, the bigger
the starch granules size.

Table 3. Gelatinization temperature characteristics of several types of tuber starch

Gelatinization Temperature (°C)

Starch Type Granule Size (ym) To Tp Te AT AH (J/g)
Sweet potato 10 614 694 76.6 152 7.7
Cassava 15 61.1 68.2 74.2 13.1 8.1
Taro 2 69.7 754 80.2 105 7.6
Potato 19 629 735 80.5 176 113
Canna 56 64.1 69.8 77.5 134 114

Source: Puncha-arnon et al. (2007); Szymonska et al. (2009); Sit et al. (2015), Suhery et al. (2015); Maryanti et al.

(2016); Widyatmoko et al. (2018).
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Gelatinization temperature is when the starch
granules experience structural damage until the
retrogradation process occurs (Ginting et al.,
2005). Gelatinization temperature was measured
based on the definite viscosity increase of starch
in the heating process using an amylograph. In Ta-
ble 3, the initial temperature of cassava starch
shows the lowest value (61.1 °C), and taro starch
shows the highest initial gelatinization tempera-
ture value (69.7 °C). The initial temperature of ge-
latinization is a complex physical characteristic
phenomenon of starch regulated by several fac-
tors, including the size of the starch granules and
the heating medium's condition (Maryanti et al.,
2016).

The amylose content also influences the ge-
latinization temperature in starch. According to
Kearsley & Drziedzic (1995), the increase of
gelatinization temperature is not only influenced
by the starch granules sizes but also by the amyl-
ose content. The higher the amylose content and
the starch granule size, the higher the gelatiniza-
tion temperature. Judging from the size character-
istics of edible canna starch granule (56 microme-
ters), the gelatinization temperature of edible
canna starch is not much different from the gelati-
nization temperature of cassava starch (granule
size of 15 micrometers). When viewed from
amylose content, edible canna starch has the high-
est amylose content (35%) than other tubers. Ac-
cording to Maryanti et al. (2016), the imbalance of
granule size and amylose content on gelatinization
temperature assumes that the effect of a high
amylose ratio on edible canna starch is more dom-
inant on the increase in gelatinization temperature
than the effect of starch granule size. In starch ge-
latinization, the enthalpy value is the energy re-
quirements of starch during the gelatinization pro-
cess due to the breakdown of the molecular struc-
ture (Nadia et al., 2013).

The use of starch in the production of bioplas-
tics has a significant effect on physical quality in
tensile strength, elongation rate, water vapor per-
meability, and biodegradability. Starch from tu-
bers is a raw material that is often used in the man-
ufacture of bioplastics. Because the starch from tu-
bers has a high enough starch content and a low
gelatinization temperature, this can reduce cost et-
ficiency and energy use in bioplastics production.
Edible canna starch as one of local wisdom should
take a serious place for Indonesian bioplastic de-
velopment. It could give more alternative materi-
als utilized as bioplastic raw material to avoid the

conflict of interest between food and non-food
sectors.

The similarity of edible canna starch charac-
teristics with several types of starch from other
root sources indicates the potential for substituting
identical bioplastic raw materials. Those charac-
teristics are strengthened by the gelatinization
value and starch content confirmed by the prereg-
uisites required as a bioplastic material. This
potential certainly needs to be studied further to
obtain data accuracy and information regarding
treatment, use of additional materials, and the
characteristics of bioplastic products produced
through experimental studies.

Besides, the development of starch-based bi-
oplastic products, especially edible canna, needs
to be a serious concern for various parties, given
the urgency of solving the conventional plastics
problems globally. Indonesia has a great oppor-
tunity to produce starch-based bioplastic materials
considering the potential of mega biodiversity it
has. Of course, with strategic steps in the form of
readiness for appropriate technology and the scale
of development, that should not only stop at the
laboratory experiment level but increase at the pi-
lot project level. These are things that need to be
realized immediately to accelerate the commer-
cialization process of bioplastic products. How-
ever, government policy support and changes in
public and industrial consumption patterns for bi-
oplastic products, which are still very limited, re-
main the main criteria for developing starch-based
bioplastic products in the future.

CONCLUSIONS

The result of the literature review concludes
that the starch content of a material affects the
quality of the bioplastic produced. The higher the
starch content will increase the intermolecular
strength in the bioplastic. The high productivity of
canna tubers provides the potential availability of
material for sustainable bioplastic production. Se-
lection of canna with the right harvest time will
affect the quality and quantity of canna starch pro-
duced. Canna starch has characteristics that are
identical to other tuber starches, so that the starch
has the potential to be a bioplastic raw material.
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