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Abstract. This study aims to determine the effect of the combination of polishing 

and dry-milling method on the characteristics of black glutinous rice flour 

(BGRF) it produced. The observed parameters were total anthocyanin content, 

total phenolic content, DPPH and FRAP antioxidant activity, proximate content, 

and pasting properties. The results showed that the combination of polishing and 

dry-milling method produced BGRF with the highest amount of total anthocya-

nin (194.12±0.24 mg C3GE/100 g) and total phenolic (304.25±3.89 mg GAE/100 

g) content which significantly differs with other methods, with DPPH antioxidant 

capacity 717.37±1.43 mg AAE/100 g and FRAP antioxidant capacity 

407.29±3.23 mg AAE/100 g, indicated its potential as an ingredient in antioxi-

dant-rich functional foods. Its proximate content consists of moisture content 

12.89±0.03%, ash content 1.25±0.03%, crude protein content 10.76±0.05%, 

crude fat content 3.20±0.10%, and carbohydrate content 71.90±0.21%. Mean-

while, its pasting properties parameters indicated that BGRF starch granules tend 

to absorb water quickly and expand easily, resulting in an easily gelatinized and 

thickened dough when heated and stirred, with a chewy, sticky texture of the final 

product that remains soft even when stored for a long time due to its resistance 

to syneresis. 
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1 Introduction 

Black glutinous rice (BGR) has a substantially higher antioxidant capacity than other 

varieties of glutinous rice, make it the greatest option for processing functional foods 

made with glutinous rice flour. BGR can be processed conventionally into black gluti-

nous rice flour (BGRF) using the dry-milling method or the combination of soaking 

and dry-milling method. The dry-milling method is more practical because rice grains 

can be directly converted into flour without any preliminary processing [1]. The bran 

of glutinous rice is hard and tough, so it is difficult to crush when milled using the dry-

milling method, resulting in the production of flour particles that are larger than the 

results of the combination of soaking and dry-milling method [2]. Larger flour particles 
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will influence the texture, gelatinization, and starch paste characteristics of BGRF [3]. 

The dry-milling method involves greater mechanical and thermal energy, thus causing 

a greater level of damage (14.7%) to starch granules compared to the combination of 

soaking and dry-milling method (9.4%) [4]. Exposure to high mechanical energy and 

heat will also affect the antioxidant content of BGRF because antioxidant properties are 

easily damaged by heat [5]. 

The combination of soaking and dry-milling method involves a preliminary process 

in the form of soaking the grains in water followed by a dewatering and milling process 

and then drying at the end of the process [1]. The milling process is carried out on grains 

in a wet state where additional water can be added during the process if needed [4][6]. 

This method softens the grains due to the water absorption and starch granules disinte-

gration from the protein matrix during the soaking process, thus easing the process of 

crushing the grains and producing softer flour with a smaller and more uniform granule 

size [2]. The weakness of this method is the reduction in water-soluble nutritional com-

ponents because they are washed out with the wasted water when the soaking process 

is complete [7]as well as exposure to heat during the drying process at the end of the 

process [1]. Water-insoluble phenolic compounds contribute around 26.88% to the total 

phenolic compound content in pigmented rice grains, while water-insoluble anthocya-

nin compounds only contribute 1-12% to the total anthocyanin content [8], thus the 

utilization of this method may cause low levels of antioxidant components in BGRF. 

This study offers an alternative in the form of a dry-milling method that involves 

prior polishing of BGR using an abrasive polisher. The obtained flour then later mixed 

with its rice bran fraction. Separating the BGR endosperm fraction from the bran will 

make the process of crushing the BGR grains easier during milling, thereby speeding 

up the processing time and reducing the size of the starch granules [2]. The grain milling 

process in this alternative method does not involve the rice bran fraction, so its bran 

antioxidant contents will be retained. This alternative method needs further investiga-

tion to determine the effect of the combination of polishing and dry-milling method on 

the characteristics of black glutinous rice flour it produced. 

2 Materials And Methods 

This study was conducted in August and September 2019 at IPB University's Faculty 

of Agricultural Engineering and Technology. Black glutinous rice (BGR) whole grains 

of Setail variety were bought from local farmers in Dompu, West Nusa Tenggara, and 

then processed into black glutinous rice flour (BGRF) using three different methods. 

The first method is the dry milling method based on [9]. BGR was grounded using a 

pin disc mill and sieved using an 80-mesh vibrating screen (particle size ~0.177 mm) 

to produce BGRF I. The second method is the dry milling method with a soaking pro-

cess beforehand. Modifying the method of [4], BGRF was soaked in water for 4 hours 

at room temperature (25oC), drained, and grounded using a pin disc mill, then dried 

using a cabinet dryer at 40oC for 6 hours and sieved using an 80-mesh vibrating screen 

to produce BGRF II. 
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The third method modified the dry-milling method, which involved BGR polishing 

process beforehand. BGR was polished using an abrasive polisher for 2 minutes to ob-

tain BGR endosperm and bran fractions. The endosperm fraction was milled using a 

pin disc mill and then mixed with the rice bran fraction. The mixed flour was sifted 

using an 80-mesh vibrating screen to produce BGRF III. Each BGRF was extracted 

[10] and then analyzed for its total anthocyanin content (TAC) [11] and total phenolic 

content (TPC) [12]. The milling method that produced BGRF with the highest TAC 

and TPC then selected as the recommended method. Its produced BGRF then analyzed 

for antioxidant capacity using DPPH [13] and FRAP assay [14], proximate content [15], 

and pasting properties using Rapid Visco Analyzer (RVA) [9]. 

The experimental design used in this study was a completely randomized design 

consisting of 3 treatments (dry-milling, combination of soaking and dry-milling, com-

bination of polishing and dry-milling) with 2 replications. The experimental data were 

processed with SPSS 23.0 software subjected to one-way analysis of variance 

(ANOVA) at 95% confidence level (P<0.01). Significantly different treatment results 

were further tested with Duncan's Multiple Range Test (DMRT). The data in all Tables 

reported as mean±standard deviation. 

3 Results and Discussions 

3.1 Total Anthocyanin Content (TAC) and Total Phenolic Content (TPC)  

Each BGRF had significant differences (p<0.05) in terms of TAC (see Fig. 1) and TPC 

(see Fig. 2). Each milling method produces BGRF with different antioxidant compo-

nent content caused by the differences in the required shear force for quick mechanical 

changes from large particles to smaller particles during its process, where the greater 

shear force resulted in the increase of heat generated [2]. Exposure to mechanical en-

ergy and heat can affect the content of antioxidant components in BGRF due to the 

nature of these components which are susceptible to heat damage. Degradation of an-

thocyanins by heat can occur through covalent bond cleavage and deglycosylation 

mechanisms [5], while degradation of phenolic compounds by heat can occur through 

decarboxylation and polymerization mechanisms [16]. 

 

Fig. 1. Effect of milling method on total anthocyanin content of black glutinous rice flour. 
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Fig. 2. Effect of milling method on total phenolic content of black glutinous rice flour. 

The TAC and TPC of BGRF produced by the combination of soaking and dry-mill-

ing method were the lowest among all milling methods, which are 105.16 ± 2.07 mg 

Cyanidin-3-Glucoside Equivalent (C3GE)/100 g and 166.75±2.47 mg Gallic Acid 

Equivalent (GAE)/100 g, respectively. The soaking process causes the dissolution of 

anthocyanins and phenolic compounds into water that is later lost along the wasted 

water during the draining process so that the TAC and TPC at the end of the crushing 

process become much lower. Water-insoluble phenolic compounds contribute about 

26.88% to the TPC of pigmented rice grains, while water-insoluble anthocyanins con-

tribute 1-12% to the TAC [8]. This milling method also involves drying at the end of 

the process, which causes additional heat exposure to the BGRF, thus further reducing 

its TAC and TPC. 

The TAC and TPC of BGRF produced by the combination of polishing and dry-

milling method were the highest among all milling methods, which are 194.12±0.24 

mg C3GE/100 g and 304.25±3.89 mg GAE/100 g, respectively. These high contents 

proved that the prior polishing process could minimize the loss of TAC and TPC due 

to the milling process. The separation of BGRF endosperm fraction from its bran facil-

itates the grains crushing process during milling, thus minimizing the mechanical en-

ergy and heat generation. BGR bran contains most parts of BGR antioxidant compo-

nents, so the milling process without the bran fraction involvement can prevent damage 

to the antioxidant components, resulting in a high content of TAC and TPC. The com-

bination of polishing and dry-milling method produced BGRF with the highest TAC 

and TPC, thus it was selected as the recommended method and its flour underwent 

further analysis. 

3.2 Antioxidant Capacities of Recommended Flour 

The antioxidative activities of anthocyanins and phenolic compounds of BGRF could 

be indicated by BGRF antioxidant capacities tested using DPPH (2,2-diphenyl-1-pic-

rylhydrazyl) and FRAP (ferric reducing antioxidant power) assays. The DPPH method 

indicated the ability of antioxidants to capture DPPH free radicals, while the FRAP 

method indicated the ability of antioxidants to prevent oxidation reactions through sin-

gle electron donation [10].  
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The antioxidant capacities of BGRF were 717.37±1.43 mg Ascorbic Acid Equiva-

lent (AAE)/100 g and 407.29±3.23 mg AAE/100 g, resulting from FRAP and DPPH 

assay respectively (see Fig. 3). These results were higher than results from other prior 

studies [9]. The slight differences that may have occurred were presumably due to dif-

ferences in varieties, harvest age, harvest location, milling method, and sample prepa-

ration [17]. 

 

Fig. 3. Antioxidant capacity of black glutinous rice flour from the polishing+dry-milling method. 

3.3 Proximate Contents of Recommended Flour 

Proximate contents analysis was conducted on the BGRF produced by the selected 

method to determine its general chemical composition characteristics (see Tab. 1). The 

analysis showed similar results to other prior studies [9][16]. The slight differences that 

may have occurred were presumably due to differences in varieties, harvest age, harvest 

location, and milling method. 

Table 1. Proximate contents of black glutinous rice flour from the polishing+dry-milling method. 

Parameter Proximate contents (%) 

Moisture content  12.89±0.03 

Ash 1.25±0.03 

Crude protein 10.76±0.05 

Crude fat 3.20±0.10 

Carbohydrate 71.90±0.21 

3.4 Pasting Properties of Recommended Flour 

Pasting properties analysis was conducted on the BGRF produced by the selected 

method to estimate the functional characteristics of BGRF using RVA graph with pa-

rameters consisted of peak viscosity (PV), hot paste viscosity (HPV), breakdown vis-

cosity (BD), final viscosity (FV), setback viscosity (SB), cold paste viscosity (CPV), 
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peak time (Pt), and pasting temperature (PT). These parameters act as a specific indi-

cator of each step of the gelatinization process, and each parameter has a specific 

method of determining its value [18]. Pasting properties analysis results of the selected 

BGRF were illustrated on the RVA graph (see Fig. 4) and then summarized (see Tab. 

2). These results indicated that BGRF starch granules tend to absorb water quickly and 

expand easily, resulting in an easily gelatinized and thickened dough when heated and 

stirred, with a chewy, sticky texture of the final product that remains soft even when 

stored for a long time due to its resistance to syneresis. The description of each param-

eter results discussed in the following paragraphs.  

 

Fig. 4. RVA graph of black glutinous rice flour from the polishing+dry-milling method. 

Table 2. Pasting properties of black glutinous rice flour from the polishing+dry-milling method. 

Parameter Pasting Properties Value 

Peak viscosity (cp) 2095.50±133.64 

Hot paste viscosity (cp) 87.00±28.28 

Breakdown viscosity (cp) 955.50±61.52 

Final viscosity (cp) 1704.00±106.07 

Setback viscosity (cp) 564.00±33.94 

Cold paste viscosity (cp) 114.00±12.73 

Peak time (minutes) 5.47±0.09 

Pasting temperature (oC) 68.45 

The PV value of 2095.50±133.64 cp indicated the water absorption ability and ex-

pandability of starch paste. The PV value is determined from the maximum viscosity 

of BGRF during the heating cycle. The higher the PV value, the greater the water ab-

sorption ability and expandability of BGRF starch granules, thus increasing BGRF 

paste thickness. 

The HPV value of 87.00±28.28 cp indicated the stability of the BGRF paste in the 

heating phase. The HPV value is determined from the difference in BGRF viscosity 

before and after holding in the heating phase (95oC). The higher the HPV value, the 
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lower the heat-resistant ability of BGRF starch granules, thus increasing its tendency 

to thicken more when heated. 

The BD value of 955.50±61.52 cp indicated the stability of BGRF during the heating 

process accompanied by stirring. The BD value is determined from the difference be-

tween the PV value and the viscosity of starch paste at 95oC before holding begins. The 

higher the BD value, the lower the resistance of BGRF starch granules to the changes 

caused by the combination of heating and stirring process. 

The FV value of 1704.00±106.07 cp indicated the final texture of BGRF-based food 

products after cooling. The FV value is determined from BGRF viscosity at the end of 

the cooling phase. The higher the FV value, the higher the BGRF-based food product's 

texture tendency to be denser and stickier. In retrospect, the lower the FV value, the 

higher the BGRF-based food product's texture tendency to be softer and more elastic. 

The SB value of 564.00±33.94 cp indicated the ability of starch retrogradation in 

BGRF-processed products during storage. The SB value is determined from the differ-

ence between the PV and FV values. The higher the SB value, the higher the BGRF-

based food product's tendency to become denser and harder during storage. 

The CPV value of 114.00±12.73 cp indicated the stability of BGRF against the agi-

tation process. The CPV value is determined from the difference in BGRF viscosity 

before and after the holding process in the cooling phase (50oC). The higher the CPV 

value, the lower the resistance of BGRF starch granules to the changes caused by the 

agitation process, thus increasing its tendency to thicken more when stirred. 

The Pt value of 5.47±0.09 minutes, just like the PV value, indicated the water ab-

sorption ability and expandability of BGRF. The Pt value is determined as the time 

when the starch granule breaks. The higher the Pt value, the greater the ability of water 

absorption and expandability of BGRF because its starch granules have a longer time 

to absorb water before finally breaking. 

The PT value of 68.45oC indicated the resistance of BGRF to the heating process. 

The PT value is determined from the required temperature to start the gelatinization 

process indicated by the start of the BGRF viscosity increase. The lower the PT value, 

the lower the heating temperatures required to break the bonds between BGRF starch 

granules and start the gelatinization process.  

Conclusions 

The combination of polishing and dry-milling method produced BGRF with the highest 

amount of total anthocyanin (194.12±0.24 mg C3GE/100 g) and total phenolic 

(304.25±3.89 mg GAE/100 g) content which significantly differs with other methods, 

with DPPH antioxidant capacity 717.37±1.43 mg AAE/100 g and FRAP antioxidant 

capacity 407.29±3.23 mg AAE/100 g, indicated its potential as an ingredient in antiox-

idant-rich functional foods. Its proximate content consists of moisture content 

12.89±0.03%, ash content 1.25±0.03%, crude protein content 10.76±0.05%, crude fat 

content 3.20±0.10%, and carbohydrate content 71.90±0.21%. Meanwhile, its pasting 

properties parameters indicated that BGRF starch granules tend to absorb water quickly 

and expand easily, resulting in an easily gelatinized and thickened dough when heated 
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and stirred, with a chewy, sticky texture of the final product that remains soft even when 

stored for a long time due to its resistance to syneresis. 
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