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ABSTRACT

Bandung Regency has several types of cultivated taro, with the largest production center in the Sumedang District.
Semir Taro (TSO) is one of the native commodities in this region, and the other types are from the crossbreeding
process between Semir Taro and Thai Silk Taro, which is named Pratama Taro (TS1 & TS2). Although it has been
widely marketed and consumed by the public, the nutrient content value of this type of taro is still unknown. In addition,
TS1 and TS2 have the potential to be developed into products that have higher economic value if processed optimally.
This study contributes to determining the nutritious content of three taro varieties and identifies the most appropriate
raw materials for the production of taro-derived products. The methods used were chemical analysis and affective
organoleptic tests with paired comparison. Organoleptic tests were carried out on TS1 and TS2, and they were
steamed to determine whether there was a difference between the two taros. The results of the test showed that there
was no difference in the color, aroma, and texture parameters of the two taros, but there was a difference in taste
between them. While the results of the chemical analysis show that the three types of taros have a reasonably good
nutrient content, because the moisture content is relatively high, there need to be post-harvest management efforts so
that taro can be a more durable product for storage.
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1. INTRODUCTION

Taro is one of the functional food commaodities that can be consumed as a staple or complementary
food. It contains starch as a source of carbohydrates and other nutrients such as protein, fat, and vitamins.
The compartments of vitamins and nutrition in these crops are distributed on the leaf, stem/petiole, and
tuber/corm. Taro tuber and leaves can be processed into various food innovations and medicines [1].
However, the tubers are known as a source of carbohydrates, fiber, and minerals but are low in calories.
Nutritionally, taro tuber is a rich source of energy, moisture, protein, fat, carbohydrate, fiber, calcium,
phosphorus, sodium, potassium, iron, vitamin A, thiamine, riboflavin, niacin, and vitamin C, which are
essential elements for human diet [2], [3]. Furthermore, in fresh weight of taro tuber included moisture (63-
85%), carbohydrate (13-29%), protein (1.4-3.0%), fat (0.16-0.36%), crude fiber (0.60-1.18%), ash (0.6-
1.3%), Vitamin C (7-9 mg/100g), thiamine (0.18 mg/100g), riboflavin (0.04 mg/100g), and niacin (0.9
mg/100g) [1], [4].
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In addition, taro is vital in achieving food diversification, where it contains an enormous amount of
nutrition and promotes dietary foods from local natural resources. In Indonesia, taro (tubers) contributed as
a local sources of production, which is designed for annual consumption rate increment [5], [6]. The West
Java Province is known as the center of cultivating and producing taro, both in fresh and processing
products. Various types with local names of the taro have been cultivated, such as silk taro, semir taro,
bentul taro, gambir taro, balitung taro, wart taro, beneng taro, laja taro, and others [5]. In line with the
current technological development in crossbreeding, one of the latest types of taros was found, named
pratama taro. This type has begun to be intensively developed in Sumedang District, Bandung Regency,
Indonesia.

Colocasia esculenta (L). Schott var. Pratama, which is shortly known as pratama taro/taro SS was
first launched in the middle of 2016 with superior characteristics that were developed. This taro is a
crossbreeding variety between semir taro from Sudang and sutra taro from Thailand. Pratama taro is one
of the most sought-after taro varieties in domestic and foreign markets, both fresh and frozen. Moreover,
pratama taro also has the advantages of high productivity and pest resistance when compared to other
types. This type of taro is also relatively easy to cultivate, has a fairly high selling price, and rarely causes
allergic skin itching reactions compared to other taro varieties [5], [7]. Based on a previous study from a
market point of view, pratama taro is more in demand and broader in the market. Unfortunately, pratama
taro is an unpopular cultivar and is underutilized due to limited information on exploring its potential. The
lack of available information could be determined by multiple factors, such as the scarcity of scientific
research, different databases, and the limited ecological habitat of taro [8]. The field findings also
discovered that pratama taro is sold in the form of raw materials and the nutritional content is still
unexplored, so the economic value of the product is limited. Despite the miscellaneous facts about pratama
taro, it is still important to explore the potential development of pratama taro. This study contributes to
analyze the nutritional composition among pratama taro (TS1 and TS2) and semir taro (TS0), organoleptic
test between pratama taro (TS1 and TS2), and future prosective between TS1 and TS2.

2. MATERIALS AND METHODS
2.1. Materials

Taro tubers are the main ingredient to be used in this study. Taro tubers were sourced from
Tanjunghurip Village, one of the largest taro tuber producers in Sumedang District. Three of the taro
samples used in this research are pratama taro type 1 (TS1) (Figure 1), pratama taro type 2 (TS2) (Figure
2), and semir taro (TS0). Semir taro (TSO) was chosen because it is one of the crossbreeding parents of
pratama taro.

Figure 1. Pratama taro type 1. Figure 2. Different morphdlogical tuber
(Left TS1, right TS2).
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2.2.  Chemical Analysis

Chemical analysis method was used to identify and quantify the nutrient content of taro samples TS1,
TS2, and TSO. This technique provides important information related to processing, quality control, and
ensuring compliance with food standards [9]. The tests were conducted at the Food Technology Laboratory
of Pasundan University using three replicates of each taro corm to determine the effect of variety and
identify food composition including moisture content, ash content, fat content, protein content,
carbohydrate, fiber, and calcium content. Moisture content testing was carried out using the gravimetric
method, which measures the dry weight of the material and the moisture that evaporates during the heating
process. Ash content testing was carried out using the high-temperature combustion method using a furnace
to produce inorganic and mineral materials. Drying treatment is also carried out at the beginning to ensure
the material is completely dry before entering the combustion process. Fat testing is done by soxhlet
extraction, which is the process of separating lipids (fat) with organic solvents and using a soxhlet device.
Protein testing is carried out using the Kjeldahl technique on samples through technical work of
deconstruction, distillation, titration, and calculation of the final content. Carbohydrate content testing is
carried out by the carbohydrate analysis method (by different) and calculate using equation (1) [10], [11].
Fiber testing was carried out using the enzymatic-deconstruction technique using the Van Soest method,
where samples were cut into small pieces and dried to remove moisture and fat content. Furthermore, the
fiber extraction process is carried out with the addition of several enzymes. Calcium testing was carried out
using Atomic Absorption Spectroscopy (AAS) and quantified by atomic absorption spectrophotometry
method.

Carbohydrate content (%) = 100 — (%Water + %Ash + %Protein + %Fat) (1)

2.3. Organoleptic Test

The organoleptic test was testing the organoleptic characteristics by using a sensory instrument to
review TS1, TS2, and TSO. The two varieties of pratama taro are presented in small portions and have
undergone steaming before serving. Steamed taro is prepared by peeling and thoroughly washing it. The
taro is diced into 2 cm x 2 cm cubes and cooked in several containers based on the variety of taro utilized.
Steaming is performed on a gas stove at low temperatures until the taro samples are uniformly cooked. The
steaming process required 15 minutes. All panellists, with a total of 20 people, were assessed for the
presence or absence of differences in properties, such as taste, color, aroma, and various other sensory
attributes, between the samples. The assessment is done through a questionnaire by filling in number 1 if
there is a difference and number 0 if no difference is found [6], [12].

2.4. Paired Comparison Test

A Paired comparison test reviews the comparative advantages of two sets of samples. This method
allows the evaluation and determine differences between two items at a time by collecting judges' responses
[13]. The identification of nutrient test content using chemical analysis and a further review of organoleptic
tests was carried out to accommodate the effective data process of paired comparative tests. A paired
comparison was made using two product samples, so the chance of each sample being selected was
50%:50%. The testing procedure is to present two samples simultaneously. Samples of steamed taro were
prepared and labelled differently. Panellists were asked to choose the best sample based on the organoleptic
test’s parameter. This method helps to determine the preference samples of panellists in a reasonable
amount of time.

3. RESULTS AND DISCUSSION
3.1. Moisture Content

Chemical analysis is used to compare the standard values of food constituents with the findings to
evaluate and analyze the quality of food or feed ingredients. This analysis is also useful for comparing the
quality of similar commodities and as a reference to determine whether these foodstuffs have the potential
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to be a source of calories, protein, minerals, and so on for the body. Taro tubers have a high potential for
good nutrient content as a source of carbohydrates, proteins, total fat, vitamins, electrolytes (such as sodium
and potassium), and minerals (such as calcium, copper, magnesium, iron, and zinc) [14], [15].

In this study, the parameters tested include analysis of moisture, ash, total protein, total fat,
carbohydrates, fiber, and calcium (Ca) contents. The results of the chemical analysis are presented in Table
1. The results showed varying nutritional content among the tested C. esculenta species, where some
nutrients showed reasonably close results. In order to achieve nearly identical nutrition content between
three varieties of taro, it is known that the TS0 is one of the parent plants that produces a crossbreeding of
TS1 and TS2. However, TS1 and TS2 have quite close nutrition values compared to TS0 and TS1 or TSO
and TS2.

The amount of water is one of the most crucial components of food. Moisture content can affect the
guality and shelf life of a food product, which can stimulate bacterial growth [14]. Determination of
moisture content is a way to measure the amount of water contained in foodstuffs. Based on the results of
chemical content (Table 1), the highest moisture content was found in TS1, which is 36.30%, but the
difference in value is not much different from TS2, which is 36.26%. The lowest moisture content value is
found in TS0, with a figure of 35.84%. The characteristics of a succulent plant partly drive the high-moistire
content in taro. Meanwhile, the difference in moisture content is caused by differences in the type of variety,
age, and maturity level of tubers. Likewise, climate and soil fertility can affect the amount of moisture
content in taro tubers. Moisture content is the primary consideration in the post-harvest processing process
of a foodstuff’s ingredient. In the post-harvesting process, moisture content is required to prolong the shelf-
life of C. esculenta species because its high number can make it more susceptible to deterioration during
storage. From now on, the technology that is widely used to extend shelf life is to process it into taro flour
or other derivative products [1], [3].

Table 1. Chemical content of TS0, TS1, and TS2.

Nutrition Results

Parameters TS0 TS1 TS2
Moisture (%) 35.84 36.30 36.26
Ash (%) 2.44 2.73 2.68
Total Fat (%) 1.44 1.47 1.17
Total Protein (%) 4.49 4.47 4.59
Carbohydrates (%) 53.23 53.38 53.29

Fiber (%) 1.98 1.15 1.6
Calcium (mg/Kg) 15.3 14.16 14.13

3.2. Ash Content

Ash content is one of the parameters in the chemical analysis. It is a mixture of inorganic or mineral
content owned by a foodstuff and is an organic residue from the combustion process or oxidation of organic
components in foods. Analysis of ash content will provide an overview of the mineral content found in the
ashes' foodstuffs. The results show that approximately the ash contents of TS0, TS1, and TS2 are above
2%, whereas taro commodities have a range of ash of 1.56-5.70% [16]. Further, it was explained that ash
in food samples determines the extent of mineral content on food substances, and the differences in ash
content observed can be caused by several factors such as climate, soil type, and differences in varieties
[16]. Based on the test results in Table 1 showed that the highest ash content was also found in TS1 at
2.73%, followed by TS2 at 2.68%. In contrast, the lowest ash content is owned by TS0 at 2.44%. With the
high ash content in taro samples, it can be known that taro contains quite a large amount of minerals [17].

3.3. Fat Content

Fat or oil content is the most critical and essential energy reserve in the body. Fat is a heterogeneous
compound, and the content of each food item is different. Fats derived from plants are known as vegetable
oil [18]. Consumption of foodstuffs that contain essential fatty acids can help the body to function better.
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Taro can provide essential fat for the body because it contains vegetable fat. Besides that, the fat content
owned by taro tubers is relatively low, generally around 0.2% [1], [19]. The results of the analysis of fat
content in Table 1 showed that the highest value was contained in the TS1 at 1.47%. This value slightly
differs from the fat content contained in TSO by 1.44%. This shows that these types of taros are suitable for
those who are undergoing a dietary program.

3.4. Protein Content

Protein from food is divided into two types based on the source: animal protein and vegetable protein.
Plant protein can be obtained from plants such as soybeans, wheat, corn, tubers, and other fruits, while
animal protein can be obtained from meat, eggs, milk, and fish [10], [20]. Protein has an important function
in the body because it acts as a biocatalyst in chemical processes [21]. Currently, Indonesian consumers
consume more vegetable protein than animal protein. Besides being easy to find and widely available,
vegetable protein is cheaper than animal protein. Eating vegetable protein regularly can reduce blood sugar
levels and improve the function of the hormone insulin [22]. Based on testing, protein content in Table 1
shows TS2 is superior to the other two types of taros, which is 4.59%. Even so, the protein value contained
in TS1 and TSO is still relatively high at values above 4%. The protein content in the type of taro from
Sumedang tested is far superior when compared to other kinds of taros, such as Bogor Taro and Belitung
Taro, which only contain protein in the range of 1-3%.

3.5. Carbohydrates Content

Carbohydrates consumed can provide many benefits for the body. Some of the benefits of
carbohydrates for the body are as a source of energy and a regulator of fat metabolism [23]. The average
Indonesian needs carbohydrates that are around 80-90% of the total calories obtained every day [24]. The
analysis results showed that the three types of taros tested had carbohydrate content above 53%. Results
are shown in Table 1, where among the three types of taros, TS1 is 0.38% superior, followed by 0.29% TS2
and 0.23% TSO0. This shows that taro from Sumedang can be used as an alternative food that supplies
carbohydrates to the body.

3.6. Fiber Content

Determination of fiber composition is a common thing to do in addition to the determination of
proteins, fats, carbohydrates, or minerals. Fiber is a carbohydrate compound that cannot be digested. Its
principal function is to regulate the work of the intestine. The main component of fibers is cellulose, which
is primarily present in wood cell walls. Currently, many pay attention to the fiber content in foodstuffs
because regular fiber consumption prevents colon cancer onset. Based on the results of the three types of
taros that were analyzed, it is known that semir taro has the highest percentage of fiber, which is 1.98%
(Table 1).

3.7. Calcium Content

The highest calcium content was found in TS0, with an amount of 15.3 mg/kg (Table 1). Meanwhile,
when compared to other types of tubers, such as cassava, the calcium content of taro from Sumedang is far
below that of other types of tubers. It is noted that the calcium content in cassava is 56 mg/kg [25], [26].

3.8.  Organoleptic Result

The results of the organoleptic assessment in four sensory instruments are shown in Table 2. The
organoleptic test shows a score with a scale of 0 (zero) if there is no difference in the samples and 1 (one)
if there is a significant difference in the samples. Based on the color characteristics shown, most of the
panellists found no difference between pratama taro samples, both on TS1 and TS2, while the rest of the
seven panellists found differences. Similar substances can influence the color diffraction in both TS1 and
TS2. Carbohydrates and protein content in taro bring information that affects the color properties [27]. Taro
tubers are known as a source of carbohydrates, and one of the substances contains starch [28].

Furthermore, the aroma parameter showed fairly uniform results. The 13 out of 20 panellists
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indicated that TS1 and TS2 samples have a significant difference based on odor identification. Aroma is an
essential volatile compound that influences customer preferences significantly [29]. Basically, taro has a
distinct aroma that might differ between raw and cooked materials. In the formula, taro flavors in a raw
material compound 2,3,5-Trimethylpyrazine; 2,3-Dimethylpyrazine; 2-Methyl-3-methylthiopyrazine; 2-
Methoxy-3-methylpyrazine; 2-Acetylpyrazine; 2-Acetylpyridine; and more substances. Those typical
formulas have their taste characteristics, which are raw, subtle, earthy, and a hint of slightly nutty. It depends
on the molecules. Moreover, in the cooked version, taro has a pleasant and harmonious natural odor [30].
The steaming process or hot processing technique plays a vital role in enhancing the formation of aromatic
compounds [31]. However, the aroma is one of the challenging parameters to be stated because it depends
on each personal opinion.

Texture properties are the following characteristics to be measured. Texture is one of the most
frequent parameters to be used to determine a customer’s decision. Textural properties included elasticity,
hardness, and softness of the product that can be felt through skin sensory [28]. The results show that over
half of the panellists found differences between the two samples of each pratama taro. The firmness of taro
might be different because of the loss of moisture content. The texture of products is often influenced by
their composition, where the excessive loss of moisture and lipids should impact hard texture [31].
Moreover, the texture is also influenced by the stability of the product and storage condition. Storage
methods can affect the change of physiological, physicochemical, and nutritional properties of tuber crops
[1]. The storage period can significantly decrease the quality of taro, including deterioration of the quality
of starch [32]. Taste aspect results showed that 15 panellists felt a significant difference between TS1 and
TS2, even though those two samples are coming from similar pratama taro. The taste is influenced by
chemical compounds, temperature, concentration, and other components, while processing and storage
techniques might make it unstable. The difference in the taste of taro might be caused by varying conditions
of growing, maturity, and chemical composition. Overall, the panelist experience of bland taste of steamed
taro samples. However, based on the chemical analysis test, TS1 and TS2 have slightly different results in
all nutrient content, and also the texture of samples. The unstable of processing and storage will taste of
food unstable [28].

Table 2. Organoleptic result of TS1 and TS2.

Code .Of Color Aroma  Texture Taste
Panellists
P1 0 1 0 1
P2 0 1 1 1
P3 0 1 0 1
P4 0 0 0 0
P5 0 1 1 1
P6 1 1 0 1
pP7 0 0 1 1
P8 0 0 0 0
P9 1 0 1 0
P10 0 0 1 1
P11 0 1 1 1
P12 0 1 1 0
P13 0 1 1 1
P14 1 1 1 1
P15 0 0 0 0
P16 1 1 1 1
P17 1 1 1 1
P18 0 1 0 1
P19 1 0 1 1
P20 1 1 0 1
Sum 7 13 12 15
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3.9. Paired Comparison of The Sample

The paired comparison test is a simple test that determines whether there is a difference between two
kinds of products. Paired comparison measures two sets of samples according to specific parameters. The
paired comparison test was conducted on both samples of pratama taro, TS1 and TS2. Panellists were
asked particularly to choose one preferred sample from the two samples presented or the level of liking that
represents acceptance or interest in a product.

Based on the organoleptic data (Table 2), the difference between the two samples tested was
determined using Table 3, which is the smallest number to express the real difference between the two
samples. From Table 3, it is known that for the number of panellists of 20 people, the minimum number of
panellists stating the difference at the level of 0.2 is at least nine panellists; 0.1 is at least 10 panellists; 0.05
is at least 11 panellists; 0.01 is at least 13 panellists; and 0.001 is at least 14 panellists. At the degree of
significant level in p < 0.05, the conclusions that can be drawn from these results are: (1) no color difference
between the two types of taros (TS1 and TS2) was detected at 5%; (2) detected a difference in the aroma
of the two types of taros (TS1 and TS2) at 5%; (3) detected a difference in texture of both types of taros
(TS1and TS2) at the level of 5%; and (4) the taste of the two steamed taro (TS1 and TS2) differs markedly
at 5%.

Table 3. Table of a minimum number of panellists required to understand the difference based on
international organization for standardization.

n 02 0.10 0.05 0.01 0.001 n 0.2 0.10 0.05 0.01 0.001
6 4 5 5 6 - 27 12 13 14 16 18
7 4 5 5 6 7 28 12 14 15 16 18
8 5 5 6 7 8 29 13 14 15 17 19
9 5 6 6 7 8 30 13 14 15 17 19
10 6 6 7 8 9 31 14 15 16 18 20
11 6 7 7 8 10 32 14 15 16 18 20
12 6 7 8 9 10 33 14 15 17 18 21
13 7 8 8 9 11 34 15 16 17 19 21
14 7 8 9 10 11 35 15 16 17 19 22
15 8 8 9 10 12 36 15 17 18 20 22
16 8 9 9 11 12 42 18 19 20 22 25
17 8 9 10 11 12 48 20 21 22 25 27
18 9 10 10 12 13 54 22 23 25 27 30
19 9 10 11 12 14 60 24 26 27 30 33
20 9 10 11 13 14 66 26 28 29 32 35
21 10 11 12 13 15 72 28 30 32 34 38
22 10 11 12 14 15 78 30 32 34 37 40
23 11 12 12 14 16 84 33 35 36 39 43
24 11 12 13 15 16 90 35 37 38 42 45
25 11 12 13 15 17 9% 37 39 41 44 48
26 12 13 14 15 17 102 39 41 43 46 50

Source: [33]

The difference in color criteria was not found clearly between the two samples tested for pratama
taro. Naturally, pratama taro has been identified as having a white-flesh color in the tuber and is covered
in a brownish-black color for the skin, both in type 1 (TS1) and type 2 (TS2). This occurs because the
samples come from the same cultivar but different varieties. However, the differences in perspective
observed by a small number of panellists may vary due to the cooking process. Traditional processing
methods can reduce the intensity of color changes in taro corm, including cutting size, cooking time, and
water changes during the boiling process [34]. Thus, to enhance the significant difference between the
samples, it might be seen if the taro samples (as a raw material) are compared with its processed product.
Another research that used pratama taro as the main ingredient for making noodles shows that more added
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pratama taro flour will decrease the preference of panellists on the noodles’ color, and the use of seaweed
flour could increase the noodle’s color [28].

The aroma criteria were found to have a significant difference between the two samples. The aromatic
is a complex mixture that depends on the combination of volatile compounds, concentration, and
description by individual perception [35]. Taro mainly consists of aliphatic hydrocarbons, alcohols, acids,
and a small amount of phenolic and heterocyclic compounds [36]. There should be a difference between
raw and cooked taro, while the reported cooked taro has a minimum of 11 volatile [37]. The genotype of
their parent variation influenced the uniqueness of taro aromatic properties. In several cultivar breeding,
the aromatic properties will present after the cooking process [38].

The texture is also reported to be different in both types of taros. On several varieties, the amount of
nutrients in tubers is equated with the texture of taro corm. Furthermore, the total soluble solids in taro
composition are significantly related to the texture of taro. It refers to the substances in a solution, including
sugars, vitamins, minerals, and other compounds. This measurement allows us to determine the optimal
time to ensure the quality of the product. The effects of physiological, physiochemical, and nutritional
properties of roots and tuber crops depend on the storage condition [1].

The flavour was also determined to be different between the two samples of taro. This varying taste
depends on the complement of vitamins and nutrient composition. The complexity of taro flavour has been
classified by the character of cooked taro in general, such as caramelly, roast, milky, beany, green,
aldehydic, sweet, nutty, vegetative, and fruity. However, the difference in unique taste between the samples
might be influenced by the different treatments, time, and also size during the steaming process. Due to the
boiling process, it was observed that the oxalate content, total sugar, crude fat, crude fiber, and phenolic
compound were significantly reduced. In contrast, the carbohydrates and other content were increased [30].

4.  CONCLUSION

Based on the data analysis results, the conclusion can be drawn that the three types of taros
originating from the Sumedang District can be used as an alternative food source. The content of moisture,
ash, fat, and carbohydrates obtained from the chemical analysis results shows that TS1 is slightly superior
to TS2 and TS0. TS2 has the advantage of higher protein content than TS1 and TS0. Meanwhile, the highest
fiber and calcium content is found in TS0O. Organoleptic tests using paired comparison test methods were
also carried out on two types of taros from Sumedang, namely TS1 and TS2. The results showed that there
was a marked difference in aroma, texture, and taste between the two, but in terms of color, there was no
noticeable difference at the level of 5%. However, taro still has quite extensive development potential, both
in the food sector and even medicine. The superior nutrient content in taro should be mixed up with the
other ingredient content. It can help to elevate the value of processed products made from taro, especially
pratama taro.
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