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Abstract

Tubers are a potential source of carbohydrates due to their high starch composition with
various benefits in the food and non-food industry. Meanwhile, cocoyam (Xanthosoma
sagitofollium) is one of the tubers with high starch potential. Therefore, this study aimed
to characterize the chemical properties, total starch, amylose, and resistant starch of local
cocoyam from several locations in the Moluccas. These locations include Buru Island,
Saparua Island and Saumlaki Island, the three locations are separated by the ocean. The
starch was extracted using the wet method while the chemical analysis was carried out on
the moisture, ash, fat, protein, phosphorus, and carbohydrate contents, as well as total
starch, amylose, and resistant starch. Data were analyzed by means of variance (ANOVA)
at = 0.05. The significant difference that occurred was continued with Duncan's test (a0 =
0.05). The results showed that the three starches were significantly different from one
another, which implies that the growing location affected the chemical components, as
well as the total starch, and amylose while the resistant starch was not significantly
different. Based on the results, the growing locations affect the chemical contents but not

the resistant starch.

1. Introduction

Indonesia is a tropical country with high annual
agricultural production, meanwhile, this is an important
capital in fulfilling domestic food needs. One of the
largest food commodities in Indonesia is tubers. Based
on data from the Indonesian Ministry of Agriculture
(2015), cassava production is approximated to reach 21.8
million tons, sweet potatoes 2.3 million tons and potatoes
1.2 million tons. In addition, the production of taro
tubers according to the Central Statistics Agency (2012)
is 312.7 thousand tons. Aside from the large production,
tubers also have a fairly good nutritional content.
Meanwhile, Maluku (Moluccas) is one of the provinces
in the eastern part of Indonesia, nicknamed. The
thousands of islands are due to the presence of several
small islands bordered by the ocean. As an archipelago,
Moluccas has very rich natural resources, both on land
and in the sea. One of these natural resources is tubers
including cassava, sweet potato, taro, cocoyam, Asiatic
yam, and others that have not been studied. Cocoyam
(Xanthosoma sagitofollium) is one of the tubers that
thrives in the Moluccas but has not been fully utilized by
the community. Meanwhile, it has great potential as a
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non-rice food source due to the high carbohydrate
content with starch being the major component. The
conversion of cocoyam tubers into ready-to-use starch is
expected to increase the diversity of processed products.
Also, it is widely used in the food and pharmaceutical
industries for a variety of applications. However, starch
is still being imported into Indonesia due to the few
numbers of industries that carry out commercial
production.

Starch is one of the primary sources of carbohydrates
and raw materials in the food, pharmaceutical, and
cosmetic industries. It is stored in separate granules, with
varying sizes, shapes, morphology, composition, and
molecular structure depending on the plant's origin
(Sajilata et al., 2006). The granule diameter generally
ranges from 1 pm - 100 pm, with various regular and
irregular shapes, and is distributed singly or in groups
(Bertolini, 2010). Furthermore, starch is composed of an
amylose straight-chain and amylopectin branched
polymer. Generally, it contains 20-30% amylose and 70-
80% amylopectin, but in certain varieties, it has high
amylopectin such as waxy comn with 98% amylopectin.
Information about the chemical composition of starch is
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important as supporting data in development for
industrial use. In addition, starch is used as an ingredient
in the food and non-food industries such as paper,
plastics, adhesives, textiles, agrochemical, and
pharmaceutical industries. Starch is widely used in the
food industry as an ingredient in processed products (e.g.
sauces, soups, snacks, bread) with functions such as
gelling, stabilising, thickening, binding, texture
modification, as a bulking agent, swelling solubility,
colour, and digestibility (Sajilata et al., 2006; Awokoya
et al., 2012; Ashogbon and Akintayo, 2014; Martinez et
al.,, 2019). Besides that, the chemical properties differ
based on the variety, growing location, and cultivation
system. One of the contents that need to be considered
for development is resistant starch given its potential to
increase when natural starch is modified. Resistant starch
(RS) is the undigested portion in the small intestine but is
fermented in the large intestine. Sajilata et al. (2006)
reported that resistant starch reduces blood sugar levels
after eating, acts as a prebiotic,c has a
hypocholesterolemic effect, inhibits fat accumulation,
increases mineral absorption, and has no effect on the
appearance, taste, and texture of a processed food
product.

Therefore, this study aimed to characterize the
chemical properties, total starch, amylose, and resistant
starch of local cocoyam originating from several
locations in the Moluccas. The selection of sampling
locations is based on the position of each location
separated by the ocean, so it is suspected that they have
different starch characteristics. The results of this study
are expected to provide data about the characteristics of
the chemical properties of starch, total starch, amylose
and resistant starch from cocoyam from three different
locations so that it can be used according to the needs of
the food industry and other industries.

2. Materials and methods
2.1 Materials

Cocoyam tubers were obtained from three locations
in the Moluccas, namely Buru, Saparua, and Saumlaki
Island from different gardens. The codes used for the
three samples were buru cocoyam starch (PB), porto
cocoyam starch (PP), and saumlaki cocoyam starch (PS).

Preanalytical chemicals include distilled water,
NaOH, HCI, Iodine solution, acetic acid, ethanol, KOH,
amyloglucosidase enzyme (Sigma 10155), pepsin
enzyme (Sigma P1700), a-amylase (Sigma A1031 1KU),
standard glucose solution. Meanwhile, the tools used
include Miyako blender, cabinet dryer, 80 mesh sieve,
Pyrex glassware, WNB 14 water bath (Memmert),
Centrifuge ((EBA 20, Hettich), oven (UN 55 Memmert),
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spectrophotometer (UV-VIS GENESYS 10S), pH meter
(Ohaus, ST3100-B).

2.2 Cocoyam starch making

Cocoyam starch extraction was carried out by wet
methods from Peroni et al. (2016) with slight
modification. The tubers were peeled, washed with
running water, and then cut into smaller sizes using a
slice with a thickness of 2 mm. The mucus produced
from the tubers was removed by washing with running
water until the water becomes clear. Furthermore, the
starch was allowed to settle for 8 hrs, while the water
was removed and then dried for 6 hrs at 50°C using a
cabinet dryer. The dry starch was mashed using a
blender, sieved with a size of 80 mesh and then packaged
in a plastic bag.

2.3 Variable data

The data obtained include the moisture content using
the oven method, the ash content, the fat content using
the Soxhlet method, the protein content using the Micro
Kjedhal method, the starch content (AOAC, 1990), the
carbohydrate content (Apriyantono et al., 1989), the
phosphorus content using the molybdate-vanadate
method (Smith and Caruso, 1964), amylose content
(Muchtadi and Sugiyono, 1992), (Direct Acid Hydrolysis
Method, AOAC, 1990), and Resistant Starch (Goiii et
al., 1996).

2.4 Data analysis

The data obtained were analyzed statistically using
analysis of variance at a 95% confidence level. When
Feount 18 greater than or equal to the F table, the analysis
is continued with Duncan's test at a level a = 0,05. Data
analysis was carried out using SPSS 20.00 device
(software).

3. Results and discussion
3.1 Chemical characterization

The results of the analysis of the chemical
characteristics of cocoyam starch from the three research
locations can be seen in Table 1. Based on Table 1, the
water content of the three cocoyam starches observed
ranged from 11.02 — 11.25%, PP and PS were not
statistically significantly different but both were
significantly different from PB (Figure 1). The moisture
content was lower compared to Pérez and Lares (2005)
who obtained 13.43 and 14.01%, respectively. However,
it is slightly higher than the results of Faridah et al.
(2014). Several factors that influence the difference in
moisture content include the location of growth. The PB
cocoyam from Buru Island was located at high altitudes
surrounded by large trees (> 20 years old) therefore, the
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Table 1. Chemical composition of cocoyam starch from three locations in the Moluccas

Cocoyam Moisture content  Ash content

Fat content

Protein content Carbo Content Phosphorus Content

starch (%db) (%db) (%db) (%db) (%) (%)
PB 12.25+0.04° 0.63+0.01° 0.12+0.01° 0.1240.01°  87.10+0.04° 2.75+0.03"
PP 11.02+0.07° 0.42+0.00°* 0.17+0.00° 0.35+0.01°  88.0440.07° 2.5640.00°
PS 11.02+0.05° 0.41+0.01° 0.13+0.01° 0.2340.01° 87.99+0.07° 2.52+0.00°
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Source: Lopulalan et al. (2021)

humidity is quite high and this affects the moisture
content of the material. Furthermore, the ash, fat, and
protein contents were lower compared to cocoyam from
Venezuela (Lawal, 2004; Pérez and Lares, 2005). For
water content, fat content, and ash content, the value of
cocoyam starch is similar to that of inhambu (Dioscorea)
starch. In addition, the results indicate a higher quality
and extraction efficiency, that is a high degree of purity
(de Souza Silva et al,, 2019). Notwithstanding the ash
content range meets commercial standards. Ash content
in starch tends to be lower than in tuber flour, this is
influenced by differences in flour processing and starch.
Starch is obtained by extraction and washing repeatedly
with water. This causes these minerals to be dissolved in
the water and also wasted together dregs. The chemical
and mineral components of natural starch depend not
only on the botanical source but also on the extraction
method. Based on the results, the protein, fat, and ash
(mineral) content of cocoyam starch was relatively low,
indicating that the wet extraction method used produced
high starch content. Cocoyam starch contains high
carbohydrates (by difference) ranging from 87-88%. The
statistical analysis results showed that the three
cocoyams have significantly different carbohydrate
contents due to different growing locations. This value is
in line with Mweta et al. (2010) on several accessions of
cocoyam (Colocasia esculenta) from Malawi and higher
than cassava starch (Dolas et al., 2020). Furthermore, the
phosphorus content of PB was significantly different
from the other two. The presence of phosphate
monoester increases the electrostatic repulsion between
molecules and leads to changes in the gelatinization
character thereby increasing the brightness and viscosity
of the paste (Hizukuri, 1986). Moreover, the high
phosphorus content in natural starch is needed in the
formation of clear pastes and enhances the stability and
strength of gels to function as thickeners, binders, and
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Values are presented as mean+SD. Values with different superscript within the same row are significantly different (p<0.05).

stabilizers (Nadia ef al., 2013). The phosphorus value of
cocoyam starch was higher than that of corn starch,
cassava starch, wheat starch, potato starch and rice starch
(Waterschoot ef al., 2014). Variations in the composition
of these starches are caused by intrinsic differences in
the sources (Pérez and Lares, 2005).

3.2 Total starch

Starch is a glucose homopolymer with -glycosidic
bonds. The properties of starch depend on the length of
the carbon chain, as well as straight or branched
molecular chains. Starch content is a complex
carbohydrate that is not soluble in water. Cocoyam
starch from the three locations was extracted using the
wet method and ranged from 86.49 — 88.25% (Figure 2).
Statistically, PB was significantly different from PP and
PS. Differences in growing location, type of tuber, and
post-harvest handling are thought to affect the starch
carbohydrate content of each location studied. The
content is affected by the harvest time (Faridah et al/.,
2014). In the manufacturing process, the tubers are
crushed and sliced to obtain slurry starch. Meanwhile,
Pudjiono (1998) in Rahmawati e al. (2012), explained
that this process is carried out to break down the cell
wall, hence, about 70-90% of the starch granules are
released. The results obtained when compared to 75%
taro starch (Wita et al., 2012; Ashogbon and Akintayo,
2014), cocoyam starch 64.64 — 65.40% (Coronell-Tovar
et al., 2019) were still higher. Based on industrial quality
standards, the minimum starch content is 75%,
meanwhile, the results obtained ranged from 75 - 80%.

Therefore, the results obtained meets the quality
standards.
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Figure 2. The resistant starch of the three cocoyam starches.
Values with different superscript are significantly different
(p<0.05). PB: Buru cocoyam starch, PP: Porto cocoyam starch,
PS: Saumlaki cocoyam starch.
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3.3 Amylose

Amylose is part of a straight chain that twists and
forms a double tendril region. On the outer surface of the
single tendrils, hydrogen is bonded to the O-2 and O-6
atoms. The straight chains of amylose that form the
double tendrils of the crystal are resistant to amylase.
Furthermore, the inter-and intra-twin hydrogen bonds
produce a hydrophobic structure with low solubility.
Therefore, amylose single tendrils are similar to
cyclodextrins which are hydrophobic on the inner
surface (Chaplin, 2002). Based on Figure 3, the amylose
content of starch from three locations in the Moluccas
was not significantly different from one another.
Amylose is very important because it affects paste,
gelatinization, retrogradation, swelling power, and
digestive enzymes (Gerald et al., 2001; You and
Izydorczyk, 2002). The values obtained from this study
were higher compared to results from Nigeria 22.60%
(Ashogbon and Akintayo, 2014), Malawi consisting of 7
accessions of cocoyam ranging from 11.1 — 21% (Mweta
et al., 2010), and Venezuela 35.34% (Pérez and Lares,
2005). When compared with the results of several tuber
varieties in Indonesia, the amylose content of local
cocoyam from Moluccas is higher than arrowroot
(24.64%) (Faridah et al., 2014), Edible canna (Canna)
10.45%, Suweg (Phallus campanalatus) 8.38%, Coconut
sweet potato (Dioscorea alata) 14.10%, and Asiatic yam
(Dioscorea esculenta) 12.47% (Richana et al., 2004).
Furthermore, Santacruz (2004), reported that normal
starch has an amylose content of 25%.
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Figure 3. The amylose content of the three cocoyam starches.
Values with different superscript are significantly different
(p<0.05). PB: Buru cocoyam starch, PP: Porto cocoyam starch,
PS: Saumlaki cocoyam starch.

3.4 Resistant starch

Undigested carbohydrates found in the human
digestive system are called resistant starch and are
beneficial for health. Based on the results, the resistant
starch from the three locations in the Moluccas was very
low, had no significant differences (Figure 4), and was
included in type 2. Several factors affect the formation of
resistant starch such as the nature of starch, heat and
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moisture treatment, the interaction of starch with other
components of food, processing conditions, heat
processing and storage conditions (Sajilata et al., 2000).
The granular structure affects the formation of RS. The
wide variability in the availability of amylose indicates
that raw starch granules also affect the formation of RS
(Yuiasari, 2010). The particle size of the starch granules
can also affect the resistant starch content. This is in line
with the results of research by Lopulalan et al. (2021)
which resulted in the size of starch particles from three
locations having the same size that is suspected to have
no significant difference in the RS levels formed. The
results obtained were higher than banana starch 1.51%
(Aparicio-Saguilan et al., 2008), rice 0.85% (Sha et al.,
2012), but lower than arrowroot starch 2.12% (Faridah et
al., 2014). Type 2 resistant starch is naturally found in
the granule structure, such as uncooked potato, banana
flour, and cornflour which contain high amyloses. These
granules are resistant to the a-amylase enzyme present in
the pancreas. Furthermore, amylopectin levels greatly
affect the resistant starch content, the higher the
amylopectin level, the harder (resistant) the starch
digestion. When compared to the short length of the
chain, the straight chain (amylose) has a faster rate of
enzyme hydrolysis compared to the branched-chain
(amylopectin) (Winarno, 1992). Meanwhile, starch
consists of granules and varies in shape and size
depending on the source. The physical form is semi-
crystalline consisting of crystalline and amorphous units
(Jane and Chen, 1992). Hydrolysis by the enzyme alpha-
amylase occurs more in the amorphous part, while the
crystalline units are more resistant to enzyme treatment
due to the presence of strong intermolecular bonds.
However, the crystal units are affected by amylopectin,
the higher the content, the higher the crystal units
(Hoover, 2001).
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Figure 4. The total starch value of the three cocoyam starches.
Values with different superscript are significantly different
(p<0.05). PB: Buru cocoyam starch, PP: Porto cocoyam starch,
PS: Saumlaki cocoyam starch.

4. Conclusion

From the results of this study, it can be concluded
that the difference in location even though it is in the
same archipelago has an effect on the chemical
properties, total starch, amylose content and resistant

© 2023 The Authors. Published by Rynnye Lyan Resources



Lopulalan et al. / Food Research 7 (1) (2023) 230 - 235

starch of cocoyam starch.
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