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Coleus tuberous (local name: kentang hitam/black potato) is widely available in 

Indonesia. Commonly, black potatoes are only boiled and made into side dishes. 

Black potatoes have the potential to be the ingredient of functional foods. 

However, black potatoes can only be harvested once a year. Therefore, a low 

moisture form (flour) storage is required for longer shelf life. Research on 

physicochemical and functional characteristics of black potato flour is expected to 

widen the use of black potato flour as raw materials in various food products. 

This study aimed to analyze the chemical, physical, and functional characteristics 

of black potato flour originating from Sunthi (Jaten), Begal, and Kopenan Forest 

villages in East Java, Indonesia. All the measurements for physical, chemical, and 

functional characteristics were carried out with three replications. The data was 

then analyzed using one-way ANOVA, followed by the Tukey test to find the 

difference from each sample at a 0.05 significance level. The correlation analysis 

and principal component analysis were also subjected to study the relationship 

between each character of the samples. The result indicated that the tuber and 

starch have relatively high ash, amylose, and total phenol concentration. Several 

high correlations were found between the characteristics of the black potato 

flours. One of the high correlations was the water absorption index with starch, 

amylose, and total phenolic content. The principal component analysis (PCA) 

also found that the three samples were loading differently in the score plot. Two 

first principal components (PCs) were the contributing factor for 100% of the 

differences. 

 

Introduction 

Black potatoes (Coleus tuberosus) are one of the 

tubers in Indonesia which has the potential to be 

developed to enrich the diversity of Indonesian 

carbohydrate sources. Mandasari et al. (2015) 

confirmed that black potatoes are one of the non-

rice foods not widely known to the public. Today, 

black potatoes are consumed by boiling, steaming, 

or made as side dishes with simple processing. 

Some of the black potato-producing regions are 

Sumatra, Java, Kalimantan, Nusa Tenggara, and 

Maluku (Syarif, 2015). In East Java, black 

potatoes are found in Ngawi, Madiun, Magetan, 

Bojonegoro, and Lamongan. 

Black potatoes have the potential to be 

developed into functional food (Chandrasekara 

and Kumar, 2016), yet their application has not 

been widely made. Black potatoes are annual 

plants and can only be harvested once a year. 

Thus, the production of black potatoes is seasonal. 

Black potatoes will reach the maximum potential 

as flour and be applied to food with a long shelf 

life. Previous studies on black potatoes were 

mostly focused on improving cultivation and 

cellular activity as health benefits (Nugraheni et 

al., 2015;  Nugrahaeni et al., 2014; Hsum et al., 

2011; Lim, 2002). Another research on the 

genetics of black potatoes in Java has been done 

on those growing in Ngawi (Yulita et al., 2014). 

Mandasari et al. (2015) have modified black 

potato flour using acetic acid. 

Research on the physicochemical content of 

black potato flour is still not widely done. The 

content of black potatoes is deemed necessary to 
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be explored to increase utilization in the future. 

The urge to examine the functional properties of 

black potato flour is to understand its functional 

characteristics when applied to food products. In 

this study, we examine the physicochemical and 

functional properties of black potato flour 

originating from several regions in East Java, 

including Begal Village and Kopenan Forest (in 

Jogorogo District), and Sunthi Village (in 

Kedunggalar District). The knowledge is expected 

to expand the use of black potatoes in various 

food products for the community. 

 

Research Methods 

Materials  

Black potatoes were obtained from three regions 

in Ngawi, including Begal Village and Hutan 

Kopenan Village in Jogorogo District and Sunthi 

Village in Kedunggalar District. Black potatoes 

were harvested in the dry season with a maximum 

diameter of 2-3 cm. The materials used for the 

analysis were distilled water, canola oil, ethanol 

95% (containing 0,025% thymol blue), KOH 0,2 

N, ethanol 95%, sodium hydroxide (NaOH) 1 N, 

acetic acid 1 N, iodine in KI 2%, Kjeldahl 

reagent, H2SO4 phenolphthalein, methyl red, HCl 

0,1 N, petroleum ether, Na-carbonate alkalis 2%, 

folin-Cocteau reagent, petroleum ether, HCl 25%, 

NaOH 45%, and nelson reagent. 

 

Sample Preparation 

Black potatoes were washed and then cut using a 

2 mm thick slicer without peeling. The potatoes 

were then soaked in water containing 0.4% (400 

ppm) of sodium metabisulfite for 1 hour. Then, 

dried using a cabinet dryer at 60
o
C for  8 hours 

before being grounded and sieved using 80 mesh 

sieves. 

 

Chemical Characteristics Determination 

The chemical analysis includes analysis of water 

content 925.10 (AOAC, 2005), ash content 923.03 

(AOAC, 2005), fat content 920.85 (AOAC, 2005), 

protein content 920.87 (AOAC, 2005), starch 

content (Clegg, 1956), amylose content (Perez 

and Juliano, 1978), and total phenol levels by the 

Folin Ciocalteau method (Naczk and Shahidi, 

2019). Each observation was carried out in 

triplicate. All chemicals used are pro analysis. 

 

Physical Characteristics Determination 

Physical analysis carried out includes color 

(Tsaalitsati et al., 2016), yield (Dansby and 

Bovell-Benjamin, 2003), and Kamba density 

(Lalel et al., 2009). Each observation was carried 

out in triplicate. 

 

Functional Characteristics Determination 

Observation of functional characteristics of flour 

was carried out, including the solubility index 

(Singh and Singh, 1991), the water absorption 

index (Niba et al., 2002, gel consistency 

(Williams, 1963), oil absorption index (Niba et 

al., 2002), and swelling properties (Leach et al., 

1961). All solvents used were pro analysis. 

 

Statistical Analysis 

The analysis was done in triplicate and the results 

obtained were subjected to one-way`1 analysis of 

variance (ANOVA) and Tukey test at 0.05 

significance level using Minitab 16. Analysis of 

correlation and principal component of analysis 

was done to study attribute sample relationship 

using Minitab 16 

 

Results and Discussion 

Chemical Characteristics 

Black potatoes usually grow on dry land with 

various levels of dryness. This plant grows well 

under trees and with direct sunlight. Planting is 

done with tubers in high rainfall months around 

December to January; harvest can be done after 4 

to 5 months in the dry season from May to 

August. The chemical content of black potatoes 

depends on where the plants grow. The chemical 

characteristics of black potato flour in several 

locations are presented in Table 1. 

The ash content of black potato flour ranges 

from 4 to 5%. In Nigeria, black potatoes (Hausa 

potato) generally have mineral contents, such as 

calcium (17 mg/100 mg) and iron (6 mg/100 mg) 

(Enyiukwu et al., 2014). The ash content of black 

potatoes is higher than the ash content of taro 

(1.3%) and potatoes (1.9%),  yet lower than that 

of sweet potatoes (4.4%) (Kaur et al., 2011; 

Kamal et al., 2014). The level of ash shows the 

mineral content of tubers. Muchtadi (1997) states 

that the proportion of ash content in food can also 

be influenced by various factors such as soil 

nutrients, plant maturity, climate, location, and 

planting treatment. 
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Table 1. The chemical characteristics of black potato flour from several locations in East Java 
Chemical Characteristics Begal Village Sunthi Village Kopenan Forest  

Ash content (%ww) 4.43±0.22
b 

6.01±0.64
a 

5.15±0.06
ab 

Water content (%ww) 7.71±0.22
a 

6.55±0.06
b 

6.50±0.01
b 

Fat content (%ww) 1.60±0.13
a 

1.10±0.37
a 

1.53±0.49
a 

Protein content (%ww) 4.60±0.10
b 

5.97±0.10
a 

5.97±0.05
a 

Starch content (%ww) 70.02±6.58
a 

47.20±0.99
b 

51.39±1.59
b 

Amylose content (%ww) 24.98±0.22
a 

20.84±0.08
b 

21.59±1.01
b 

Total phenol (g/100g) 3.17± 0.36
b 

4.82± 0.06
a 

4.34 ±0.40
a 

Note: Values are expressed as mean ±SD. Means having different letters within the same row differs significantly at p ≤0.05 

 

The sample was dried in the cabinet drier to 

reduce the water content. The moisture content of 

black potato flour that grows in three regions in 

East Java is 6.5 to 7.7%. The water content of the 

flour is a crucial parameter because it determines 

the quality and shelf life of flour. Aryee et al. 

(2006) confirm that a tuber's low water content 

can maintain the flour's quality during storage. On 

the quality requirements of cassava flour (SNI 01-

2997-1992), the maximum permissible water 

content is 12%. According to Susilawati et al. 

(2008), differences in water content can be 

influenced by differences in planting locations 

that are related to soil fertility. Loose soil will 

make it easier for the tuber to grow optimally as 

the roots easily penetrate the soil. 

The presence of fat can inhibit the absorption 

of water and swelling properties of starch due to 

the presence of a hydrophobic fat layer around 

starch granules. The fat content of black potato 

flour in this study is almost the same (1.1-1.6%) 

and is higher than the fat content of sweet potato 

(0.89%), taro from Cameroon (0.3-1.17%), and 

potatoes (0.3%), yet lower than sweet potato 

(2.6%) (Kamal et al., 2013; Aboubakar et al., 

2008; Noman et al., 2007). Commonly, the fat 

content of tubers is low. The fat content of tubers 

may affect the oil absorption index. 

The protein content of flour affects the initial 

temperature of gelatinization; the higher the 

protein content, the higher the initial 

gelatinization temperature. This is because 

proteins can form complexes with amylose to 

form deposits that do not dissolve and inhibit the 

release of amylose from granules. The presence of 

protein also adds to flour's nutritional value and 

can affect oil absorption properties. In this study, 

the protein levels in black potatoes are around 4.6 

to 5.97%. The protein content of black potatoes is 

higher than in other popular tubers of potatoes and 

sweet potatoes (2.73 and 0.57%) (Noman et al., 

2007). However, this value is still lower than 

other superior flour, wheat, which has a protein 

content of 8.4% (Sanchez-Marinez et al., 1997). 

The starch content of black potato flour 

originating from Begal Village is 70.02%, while 

the starch content from Sunthi and Kopenan 

Forest is 47.20 and 51.39%. The starch content of 

black potato (Hausa potato) studied in Nigeria is 

15.14 ± 0.05% (Ukpabi et al., 2011). According to 

Mukherjee et al. (2015), the Sree Dhara variety's 

starch content of the Chinese potato is 18.8%, and 

Callus reg.SD is 20%. The difference in starch 

content can be influenced by the age of 

harvesting, where the time needed to reach 

maturity differs depending on the climate and 

location of planting (Radley, 1976). 

Amylose content in flour determines the heat 

and swelling characteristics of the flour when 

processed (Blazek et al., 2008). In this study, 

amylose content in black potato flour is 20.84 to 

24.98%. Flour with high amylose content can be 

used to replace rice flour in making rice paper; it 

also has the potential to replace wheat flour to be 

processed into a snack partially. Amylose in flour 

can strengthen and facilitate dough cutting to 

produce a crunchy texture (Taggart, 2004). Flour 

with high amylose content is suitable for making 

sauces, salad dressings, and mayonnaise (Craig et 

al., 1989). 

Black potato flour from Begal Village has a 

total phenol content of 3.17 ± 0.36 g/100g, Sunthi 

Village has the highest total phenol content of 

4.82 ± 0.06g/100g, and Kopenan Forest has a total 

phenol content of 4.34 ± 0.40 g/100g. This value 

is higher than the total phenol of buckwheat flour, 

cowpea, and chickpeas at 0.313, 0.108, and 0.121 

g/100 g (Quittier-Deleu et al., 2000; Sreerama et 

al., 2012). Phenolic compounds are bioactive 

compounds good for health that can act as 

antioxidants (Laeliocattleya et al., 2018). 

However, the presence of phenolic compounds 

will affect the product’s color. According to 

Burrel (1984), browning tubers have a 

relationship with phenol levels; the higher the 

phenol content, the darker the product’s color will 

be. 

 

https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Archana+Mukherjee%22
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Physical Characteristics 

The color of the black potato flour is brownish, so 

the brightness level is also quite low. The 

brightness level (L value) of black potato flour is as 

follows: from Begal Village> Kopenan Forest > 

Sunthi Village (74.03> 70.4> 68.6). Sodium 

metabisulfite is used to reduce the brownish level 

of flour. The brown color of black potato flour 

comes from a phenolic compound naturally found 

in black potatoes. Because of its color, black potato 

flour is unsuitable for making white food products 

such as white bread or white mayonnaise. 

Differences are found in the analysis of black 

potato flour yield. The yield of black potato flour is 

as follows: from Begal Village> Sunthi Village> 

Kopenan Forest (25.38> 19.27> 18.31%). The 

order of this yield corresponds to the order of total 

starch (Table 1). The higher the starch content of a 

tuber, the greater the flour yield. 

Kamba density is the ratio between a 

material's weights compared to the material's 

volume measured in units of g/ml. The high-

density value indicates a compact product. Low 

Kamba density will affect the size and cost of 

shipping, which is considered inefficient for 

producers and consumers. Black potato flour in this 

study has almost the same Kamba density, which 

was 0.66 ± 0.003 g/mL to 0.71 ± 0.008 g/mL. The 

Kamba density is also influenced by the sieve size 

used during flour making. 

 

Functional Characteristics 

Black potato flour originating from several 

locations in East Java has different functional 

characteristics, as presented in Table 3.  

Water absorption is one parameter that shows 

the ability of a material to draw water around it 

(Singh, 2001). The value of water absorption from 

black potato flour in this study is almost the same 

compared to soybean flour (2.17 g/g) yet lower 

than taro flour (2.7 to 3.5 g/g) (Singh, 2001; Kaur 

et al., 2011). Water absorption of black potato flour 

is still relatively low and far below the value of 

water absorption of wheat flour. Water absorption 

is influenced by protein content. The higher the 

protein level, the more it can absorb water. 

Carbohydrates and proteins can influence water 

absorption. The presence of amylose can also affect 

water absorption. Water absorption capacity is 

critical to study because it can affect the ease of 

flour dough to be homogeneous when mixed with 

water. Tam et al. (2004) confirmed that flour 

having high water absorption tends to be easier to 

homogenize. 

Oil absorption in black potato flours from the 

samples was almost the same, around 1 g/g. The oil 

absorption of black potato is also lower than that of 

wheat (1.46 g/g), gembili (1.62 g/g), and taro (2.4 

g/g) (Ariyanti et al., 2014; Chandra et al., 2014; 

Richana et al., 2004). Oil absorption is the ability 

of flour to bind oil when interacting with oil. The 

protein content of the material strongly influences 

the nature of oil absorption. Oil absorption occurs 

when oil or fat binds to non-polar side chains of 

protein. Oil absorption is caused by physical oil 

trapping with capillary forces and protein 

hydrophobicity. Good oil absorption can improve 

the flavor and mouthfeel of food (Aini et al., 2016). 

Swelling properties are the ability of starch to 

expand in water. Swelling properties are highly 

related to amylose content and starch properties 

(Blazek et al., 2008). The swelling of starch is 

related to water absorption into starch granules 

(Baile et al., 2002). After the gelatinization process, 

the hydrogen bonds between the starch molecules 

are cut off and replaced by hydrogen bonds with 

water. This causes gelatinized starch and starch 

granules to expand. The swelling process is due to 

the amount of water absorbed into the starch 

granules, which then expands and causes swelling 

properties to increase. Based on Table 3, black 

potato starch has lower swelling properties (5.38 to 

9.12 g/g) than wheat flour (11 to 18 g/g) (Fu, 

2017). It is supported by Table 4 correlation 

analysis that the swelling properties have a higher 

correlation to protein content than the amylose 

content. Nikolić et al. (2021) also stated that the 

lower amylose content would result in higher 

swelling properties. 

A gel is the result of intermolecular 

interactions involving amylose and amylopectin. 

Gel formation occurs in the gelatinization 

mechanism. The measurement of gel consistency is 

carried out based on starch gelatinized under 

alkaline conditions and then cooled at room 

temperature (Perez and Juliano, 1978). The 

strength of the gel determines the texture and 

cooking quality, which will determine the quality 

of the overall food product (Yoenyongbuddhagal et 

al., 2002). This study's gel consistency in black 

potatoes ranges from 10 to 12 cm. The consistency 

of this gel is lower than the gel formed from rice 

flour, which is 20 cm (Lu et al., 2011). According 

to Masniawati et al. (2013), amylose content of 

around 25% will produce a hard gel. Low amylose 

content will produce a softer gel texture (Copeland 

et al., 2009). 
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Table 2. The physical characteristics of black potato flour from several locations in East Java 
Characteristics  Begal Village Sunthi Village Kopenan Forest 

Color (L) 74.03±0.11
a 

68.6 ±0.34
c 

70.4± 0.26
b 

Yield (%) 25.38
a 

18.31
c 

19.27
b 

Kamba density (g/mL) 0.69 ± 0.002
b 

0.66 ± 0.008
a 

0.66 ± 0.003
c 

Note: Values are expressed as mean ±SD. Means having different letters within the same row differs significantly at p ≤0.05 

 

Table 3. The functional characteristics of black potato flour in several locations in East Java 
Characteristics  Begal Village Sunthi Village Kopenan Forest 

Water absorption (g/g)   1.92±0.05
b 

2.25±0.02
a 

2.21±0.05
a 

Oil absorption (g/g)   1.01±0.07
a 

1.04±0.05
a 

1.10±0.02
a 

Swelling properties (g/g)   5.38±0.49
c 

6.44±0.39
b 

9.12±0.24
a 

Gel consistency (cm) 10.8±0.45
b 

11.6±0.34
ab 

12.3±0.85
a 

Solubility index (%)   2.47±0.06
c 

3.55±0.13
b 

3.19±0.11
a 

Note: Values are expressed as mean ±SD. Means having different letters within the same row differs significantly at p ≤0.05 

 

Table 4. The correlation coefficient between black potato flour attributes 

 Moisture Ash Amylose Fat Protein Starch Phenolic WAI SP SI GC Color 

Moisture 1            

Ash -0.822 1           

Amylose 0.979 -0.920 1          

Fat 0.577 -0.939 0.730 1         

Protein -.999
*
 0.841 -0.986 -0.604 1        

Starch 0.979 -0.921 1.000
**

 0.731 -0.985 1       

Phenolic -0.985 0.907 -.999
*
 -0.707 0.991 -.999

*
 1      

WAI -0.989 0.899 -.999
*
 -0.693 0.993 -.999

*
 1.000

*
 1     

SP -0.741 0.227 -0.590 0.121 0.718 -0.589 0.617 0.631 1    

SI -0.934 0.971 -0.987 -0.830 0.946 -0.987 0.981 0.977 0.453 1   

GC -0.899 0.490 -0.792 -0.161 0.884 -0.791 0.812 0.823 0.960 0.684 1  

Color 0.925 -0.977 0.983 0.844 -0.937 0.983 -0.976 -0.972 -0.431 -1.000
*
 -0.665 1 

 

Table 5. Correlation loadings for 3 black potato flour from different origins and 13 physicochemical characteristics 

Variable Color Yield Kamba Density Moisture Ash Amylose Fat Protein Starch Phenolic WAI  OAI SP SI GC 

PC1 -0.282 -0.292 -0.008 -0.29 0.259 -0.291 -0.196 0.291 -0.291 0.292 0.292  0.206 0.191 0.284 0.246 

PC2 0.146 0.02 -0.55 -0.066 -0.256 0.045 0.408 0.048 0.047 -0.027 -0.017  0.39 0.416 -0.133 0.299 
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Figure 1. Scoreplot for PC1 vs PC2 

 

A solubility index shows the ability of a solid 

to dissolve in water. The solubility index can be 

influenced by amylose and fat. Proteins and 

carbohydrates can increase water absorption due 

to their hydrophilic properties. The higher the 

protein content, the higher the solubility index 

will be. The solubility of flour in water is strongly 

influenced by the fraction of amylose released 

from starch. Increased water absorption is usually 

followed by an increase in water solubility index 

(Anggraeni and Yuwono, 2014). The use of flour 

with a high solubility index needs to be adjusted 

to the product’s characteristics, for example, in 

baby food, food powder, cake mixes, and pudding 

(Habibah et al., 2018). The solubility index of 

black potato flour used in this study ranged from 

2.47 to 3.5%. 

 

Correlation and Principal Component Analysis 

Table 4 illustrates the correlation coefficients 

between the physicochemical properties of black 

potato flour from several locations in East Java. 

Several characteristics are found to be highly 

correlated to each other. The water absorption 

index recorded the highest negative and positive 

correlation with the amylose, starch, and phenolic 

content. The colour was expected to have a high 

correlation with the phenolic content. But Table 2 

showed that colour was highly positively and 

negatively correlated with almost all chemical 

properties. This might be due to the addition of 

sodium metabisulphite during the processing of 

the black potato flour. Therefore, phenolic content 

was not the only contributing factor to the colour 

characteristics. The table also represented that the 

flour's functional properties (water absorption 

index, swelling properties, solubility index, and 

gel consistency) were positively correlated with 

protein content but negatively correlated with the 

amylose and starch content. This might be during 

the flour processing did not involve gelatinization, 

so the solubility of native starch is still low.  

In the PCA, the two first principal 

components (PCs) explained 100% of the real 

differences between the three samples (Table 6). 

 

Table 6. Explained variance 

 PC1 PC2 

Eigenvalue 11.695 3.305 

Proportion 0.780 0.220 

Cumulative 0.780 1.000 

 

 The first PC accounted for 78% of the 

differences observed, and the second PC was 

alleged for the 22 differences between the 

samples. Table 5 shows that the first PC was 

physical characteristics (i.e. colour, yield), 

chemical characteristics (i.e. moisture, ash, 
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amylose protein, starch, phenolic content), and 

functional properties (i.e. water absorption index, 

solubility index, and gel consistency). The second 

PC was physical characteristics (i.e. Kamba 

density), chemical properties (i.e. ash and fat 

content), and functional properties (i.e. oil 

absorption index, swelling properties, and gel 

consistency). Figure 1 shows that the score plot of 

the three samples was separated between the two 

principal component scores. The black potato 

flour from Dusun Begale was negatively loading 

on PC 1; the other two samples were positively 

loading on PC 1. Furthermore, the sample 

originating from Kopen was positively loading on 

PC2, but from Dusun Sunthi was negatively 

loading on PC2. 

 

Conclusion  

According to gel consistency, water absorption 

index, oil absorption index, and swelling 

properties, it can be hypothesized that C. 

tuberosus can be homogenous in the dough 

mixture. The flour has a relatively high amylose 

content and produces a soft gel that can be used to 

substitute rice flour in making rice paper and filler 

in various kinds of food. Further analysis is 

needed to characterize more physicochemical 

properties of this flour. Some high correlations 

(positively or negatively) were found between the 

black potato flours' chemical, physical, and 

functional properties. One high correlation was 

the functional properties (water absorption index) 

with three chemical properties, namely starch, 

amylose, and total phenolic content. The PCA 

analysis also found that based on the properties, 

the three samples were located differently in the 

score plot. Explained variance also found that the 

two first PCs were the giving factor for 100% of 

the differences. The difference between black 

Several high correlations was found between 

characteristics of the black potato flours. One high 

correlation was the water absorption index with 

starch, amylose, and total phenolic content. The 

PCA analysis also found that the three samples 

were loading differently in the score plot. Two 

first PC was the contributing factor for 100% of 

the differences. The difference between black 

potato flour from Begal with the two other 

samples was categorized by the first PC, but the 

sample from  Sunthi and Kopen was characterized 

by PC2. 
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