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ABSTRACT  Article History 

This study aimed to evaluate changes in the physicochemical and functional properties of rice 

varieties, moisture content, and the popping and gun-puffing methods to improve the cooking 

quality of rice noodles. The study used a randomized block design with two factors. The first 

factor was white and black glutinous rice varieties, and the second factor was processing 

conditions. White glutinous rice varieties provided better hardness, porosity, color, and pasting 

properties compared to black glutinous rice varieties. However, black glutinous rice varieties 

were superior in nutritional components and functional properties, including resistant starch, 

digestible fiber, and anthocyanin content. Rice with an initial moisture content of 14% produced 

popping rice with higher porosity, meaning it expanded more than rice with an initial moisture 

content of 10%. The use of gun-puffing resulted in gun-puffed black rice expanding more than 

white gun-puffed rice. Brown rice flour and popcorn rice from the popped and puffed processes 

can be added to instant rice noodles. The addition of popping and puffed rice to instant rice 

noodles can reduce rehydration time and increase water absorption and cooking loss. 
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INTRODUCTION 

 

Rice is one of the most widely grown food crops in the 

world, along with corn and wheat (FAOSTAT, 2023). More 

than half of the world's people eat rice as their main food. 

People usually only process rice into polished rice, which they 

then eat as cooked rice. Recently, consumers have started to 

buy more healthy, functional and organic foods (Karelakis et 

al., 2020; Munaqib et al., 2025), but these foods should also 

be easy to eat and convenient. Instant rice noodles were 

made to meet the needs of people who want a fast-paced, 

modern lifestyle. Instant noodles are a type of ready-to-eat 

food that only need to be cooked for a fewmin (Zia-ud-Din et 

al., 2023). Instant noodles are classified into two types based 

on the dehydration method after steaming: fried and non-

fried. The market for fried instant noodles is more dominant 

than non-fried instant noodles (Li et al., 2023).  

Deep frying makes the noodles porous, which is how 

instant noodles are made (Wang et al., 2022). During the 

frying process, the water in it quickly evaporates in the 

boiling oil, leaving a porous structure (Leakhena et al., 2021) 

that makes it easier to rehydrate. Fried instant noodles 

contain high levels of fat (16–24%) (Obadi et al., 2022). Some 

people are worried about the fat residue in food and the 

trans fatty acids that come from partially hydrogenated and 

hydrogenated oils used in frying (Umayangani et al., 2025). 

The high oil content of fried instant noodles raises concerns 

about the risk of chronic diseases such as obesity, high 

cholesterol, high blood pressure, and cancer (Obadi et al., 

2022). Recently, there has been an increase in consumer 

preference for healthier and lower-fat foods, which has 

shifted the need for non-fried instant noodles. However, 

non-fried instant noodles result in a less porous matrix and 

a longer rehydration time, which results in a harder texture 

than fried instant noodles (Garg et al., 2025). According to 

Zhang et al. (2024), one of the main indicators of instant 

noodles is rehydration or cooking time. Therefore, the main 

challenge in improving the quality of non-fried instant 

noodles is to increase their rehydration capacity. 

To make instant noodles without frying and improve 

rehydration, researchers have explored a process that 

produces a more porous noodle structure. For example, 

they have changed the drying process (Pongpichaiudom & 

Songsermpong, 2018), used porous materials instead of 

wheat flour, like cross-linked waxy maize starch (Zhou et al., 

2015),  use  of  additives  such  as  oleogel (Oh & Lee, 2020), 
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enzim (Zhang et al., 2024), using chemical raising agent and 

freeze drying (Ye et al., 2024), high-temperature short-time 

drying (Yan et al., 2025), and adding buckwheat (Wang et 

al., 2025). Therefore, the main challenge in improving the 

quality of non-fried dry noodles is to increase their 

rehydration capacity, one of which is by increasing the 

porosity of the noodles. All of these steps make the noodles 

porous, which makes it easier for water and heat to move 

through them during the rehydration process. The popping 

and puffing method is one way to change rice so that it is 

porous. Popping and puffing are inexpensive, simple 

methods to preparing non gluten rice snacks, which are a 

good alternative for people with celiac disease or those 

sensitive or intolerant to gluten. 

Popping and puffing methods involve physical 

modifications to grains by heating them to expand the 

endosperm. Physically modified starch is considered a low-

risk material compared to chemical and enzymatic 

modifications. The use of chemicals and enzymes for starch 

modification is limited by the potential for chemical 

residues and the relatively high cost of enzymes. In popping, 

the pericarp acts as a pressure vessel enveloping the 

endosperm, while in puffing, grains without the pericarp are 

pretreated so that the hardened outer layer acts as a 

pressure vessel (Swarnakar et al., 2022) or using a pressure-

puffing gun. The water inside the grain becomes 

superheated when heated. The most commonly consumed 

variety is white sticky rice, while data shows the superiority 

of pigmented rice in having many nutraceutical 

components and bioactive ingredients (Meher & 

Jayadeep, 2024), including black sticky rice. The name 

pigmented rice refers to the color due to anthocyanins 

and proanthocyanidins in the pericarp, seed coat, 

aleurone layer and a little in the endosperm (Itagi et al., 

2023). Several prior studies have indicated that the popping 

and gun-puffing processes can modify the 

physicochemical and functional properties of food 

ingredients, including the alteration of phenolic content and 

antioxidant activity (Mbanjo et al., 2020; Kasote et al., 2021; 

Itagi et al., 2023). To the best of our knowledge, limited 

information has comprehensively examined the 

combined effects of glutinous rice variety (white and 

black), initial moisture content, and both popping and 

gun-puffing methods, particularly in relation to their 

application in improving the cooking quality of instant rice 

noodles. 

Therefore, this study aims to evaluate the effects of 

glutinous rice variety and processing conditions particularly 

initial moisture content and physical expansion methods 

(popping and gun-puffing), on the physicochemical, 

functional, and pasting properties of glutinous rice flour. 

The study also examined the effect of using popped and 

gun-puffed rice flour on the cooking quality of instant rice 

noodles. This study provides a systematic evaluation of how 

variations in moisture content, rice varieties, and popping 

and gun-puffing methods affect the physicochemical, 

functional, and pasting properties of glutinous rice, and may 

aid the development of non-fried instant rice noodles that 

are porous, quickly hydrated, yet still offer nutritional and 

functional benefits. 

MATERIALS & METHODS 

 

Raw Materials 

The materials used in this study consisted of unhulled 

white and black glutinous paddy varieties obtained from 

Sambas District, West Borneo, Indonesia (Fig. 1). 

 

 
 

Fig. 1: Locations for purchasing white and black glutinous paddy in Sambas 

Regency, West Borneo, Indonesia. 

 

Popping Process 

To get the paddy ready for popping, distilled water was 

sprayed on it to change the amount of moisture in it. To find 

out how much water to add, use the formula Eq (1). 

 

𝑊𝑎𝑡𝑒𝑟 =
(100% − Initial moisture content (%)) x Initial Mass (g)

(100% − Targeted moisture content (%))
−  Initial Mass (g) (1) 

 

Weigh 20g of paddy with the right moisture content 

and put it in an open vessel that has been heated over a 

heat source. They roasted the grains for threemin, which 

made them bigger. This process was done over and over 

until all the samples were done. A container with holes in it 

was used to separate the husks, and then any husks that 

were still there were removed by hand. Before being tested, 

the popped rice was put in sealed plastic bags. 

 

Gun-puffing Process 

A hulling machine was used to remove the husk from 

the glutinous paddy to get rice. A sealed container held 

1,500g of rice that had been dehusked. The vessel was 

heated and turned for 15min straight. A piece of burlap 

cloth was sewn to the lid of the vessel so that when it was 

opened, the rice that had expanded would fall directly into 

the cloth. The gun-puffed rice was then put in sealed plastic 

bags so that it could be tested. 

 

Characteristics of Paddy, Dehusked Rice, Popped Rice, 

and Gun-puffed Rice 

The TA.XT Plus texture analyzer (Stable Micro Systems) 

was used to measure the samples' hardness. A single 

compression was used to measure hardness (force over 

time). The maximum force (peak value) during the first 

compression was used to Fig. out the hardness. The bulk 

density was determined using a 250mL graduated cylinder 

filled with a weighed sample and tapped five times, the 

samples' bulk density was measured (Itagi et al., 2023). The 

bulk density was given in kg/m³. We found the true density 

by putting the weighed sample into a graduated cylinder 

with kerosene and calculating the ratio of the sample mass 
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to the increase in kerosene volume. The result was in kg/m³. 

Porosity was determined using the equation Eq (2) (Saha & 

Roy, 2022). 

𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =  
(𝑡𝑟𝑢𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (

kg

m3)−𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (
kg

m3))

𝑡𝑟𝑢𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (
kg

m3)
 𝑥 100%        (2) 

 

Analysis of Nutritional Components and Energy Values 

The thermogravimetric method was used to find the 

moisture content. The samples were weighed and then 

put in an oven at 105°C until they stopped changing 

weight. After that, the samples were put in a desiccator to 

cool to room temperature and then weighed again to get 

the final dry weight. To find the moisture content of the 

samples (on a wet basis), we used the formula Eq. (3) 

(AOAC, 2011). 

 

𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑤𝑏, %) =  
𝑤𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)−𝑤𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔)

𝑤𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 𝑥 100% (3) 

 

To find the ash content, the samples were burned at 

550°C. Also, the Kjeldahl method was used to look at the 

protein content. In this method, sulfuric acid was used to 

digest the samples with the help of a catalyst, which turned 

organic nitrogen into ammonium sulfate. We used alkali 

to neutralize the digest and then distilled it into a solution 

of boric acid. Then, the borate anions were mixed with a 

standard acid solution, and the nitrogen content was 

found and shown as crude protein. Furthermore, the fat 

content was extracted with petroleum ether (40–60°C) and 

measured by weight. Using the difference method, the 

total carbohydrate content was calculated as Eq. (4) 

(AOAC, 2011). 

 
𝑇𝑜𝑡𝑎𝑙 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 (%) = 100% − (𝑃𝑟𝑜𝑡𝑒𝑖𝑛 (

𝑔

100𝑔
) +  𝐴𝑠ℎ (

𝑔

100𝑔
) +  𝐹𝑎𝑡 (

𝑔

100𝑔
) +  𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (

𝑔

100𝑔
)) (4) 

 

where g/100g is the same as percent (%). Moreover, the 

energy value (kcal/100 g dry basis) (Saini et al., 2023) was 

computed as Eq (5). 

 
𝐸𝑛𝑒𝑟𝑔𝑦 (

𝑘𝑘𝑎𝑙

100𝑔
) = (𝑃𝑟𝑜𝑡𝑒𝑖𝑛 (

𝑔

100𝑔
) × 4) + (𝐹𝑎𝑡 (

𝑔

100𝑔
) × 9) + (𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒𝑠 (

𝑔

100𝑔
) × 4) (5) 

 

Analysis of Resistant Starch, Dietary Fiber and 

Anthocyanin 

Resistant starch (RS), dietary fiber (DF), soluble dietary 

fiber (SDF), and insoluble dietary fiber (IDF) in the samples 

were determined using a Megazyme assay kit. Anthocyanin 

content was analyzed following the method described by 

Itagi et al. (2023). Approximately 10mg of each sample was 

10mg, was mixed with 10mL of potassium chloride buffer 

(0.03mol/L, pH 1.0) and 10mL of sodium acetate buffer 

(0.4mol/L, pH 4.5). We let the mixtures sit for 15min before 

measuring their absorbance at 550nm and 700nm, using 

distilled water as a blank. We measured the anthocyanin 

content inmg cyanidin-3-glucoside (C-3-G) equivalents per 

100mL of sample. 

 

Instrumental Analysis 

The ColorFlex EZ Spectrophotometer was used to 

measure the color properties of the samples. The CIELAB 

system shows the color by using L*, a*, and b*, L indicates 

the lightness of the sample, ranging from black (0) to white 

(100), +a indicates the degree of redness to -a greenness, 

and +b indicates yellowness to -b blueness, respectively. 

Microstructure of black and white glutinous rice under 

different processing conditions was used scanning electron 

microscopy (SEM, FEI Inspect-S50). Samples were mounted 

on aluminum supports, coated with a thin layer of gold, and 

observed with a SEM. The accelerating voltage was 20 kV 

and the magnification was 500x. 

Rapid Visco Analyzer (RVA, Perkin Elmer) was used to 

find out the pasting properties. 3.5g sample (based on a 

14% moisture content) was dissolved in distilled water to 

achieve a total weight of 28.5g. The measurement 

conditions were as follows: 1 minute of heating at 50°C, 

7min of heating from 50 to 95°C, 7min of holding at 95°C, 

7min of cooling from 95 to 50°C, and 2min of holding at 

50°C. 

The FTIR spectroscopy measurement was investigated 

using Fourier-transform Infrared Spectroscopy (Shimadzu 

ATR IR Spirit) used with a resolution of 0.8cm−1 and 

scanning range (4000–400cm⁻¹). 

 

Preparation of Instant Rice Noodle 

To make the dough for instant rice noodles, mix 80 g 

of rice flour, 20g of white and black rice (10% popped rice, 

14% popped rice, and 20g of tapioca), 2 g of salt, and 250mL 

of water. The flour batter is evenly poured into a baking pan, 

steamed for 2min to set, and then cooled to room 

temperature. The rice noodle sheets were cut into strips that 

were 1cm wide and dried in an oven at 60°C for 2 hours. The 

making of this rice noodle refers to the method (Cham & 

Suwannaporn, 2010). 

 

Cooking Quality of Instant Rice Noodles 

The rehydration time, cooking loss, and water 

absorption all affect the cooking quality of instant rice 

noodles. The time it took to rehydrate was based on the 

method described by (Zhang et al., 2024). A beaker with 

200mL of boiling water was filled with 15g of rice noodles 

and stirred for 30 seconds. When the white core in the 

cooked noodles disappeared when pressed between two 

petri dishes, the rehydration time was noted. We used the 

international AACC method 66–50 to look at cooking loss 

and water absorption. This method involves cooking 10g of 

noodles in 200mL of boiling water for 5min and then 

filtering them through a filter paper that has already been 

weighed. The amount of water absorbed is used to figure 

out the percentage of weight gain. Then, the water in the 

weighed beaker is dried in an oven at 105°C until it reaches 

a constant weight. The increase in weight of the beaker glass 

is how cooking loss is figured out. 

 

Statistical Analysis 

The experiment was conducted using a factorial 

completely randomized design which included two factors 

that were tested with three replicates for each treatment. 

The two factors tested in this study were glutinous rice 

variety which included white and black varieties and 

processing condition which included moisture level and 

expansion method testing. Statistical analysis was 

performed using SPSS software version 23. Duncan's 

multiple range test was used to do post-hoc comparisons at 
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a significance level of P<0.05. All outcomes are displayed as 

means ±standard deviation (SD). 

 

RESULTS & DISCUSSION 

 

Microstructure 

Microstructure scanning electron microscopy (SEM) 

showed that the internal structure of rice changed a lot 

before and after the development process (Fig. 2). Dehulled 

white and black glutinous rice exhibited a compact and 

relatively homogeneous internal structure, corroborating 

previous studies (Shi et al., 2023; Jing et al., 2026). Which 

characterized dense starch granules. After popping and 

gun-puffing, the dense rice grains turn into a highly porous 

matrix with many holes of different sizes. When the grain 

pops, the heat makes the water inside it superheated, and 

the husk stops the heat from escaping, as Swarnakar et al. 

(2022) superheated steam pushes the endosperm to expand 

when the husk breaks open because of high pressure. The 

gun-puffing method puts husked grain in a high-pressure, 

closed space. When you heat rice, the water inside the 

grains gets very hot. When the pressure is suddenly 

released, this superheated steam makes the endosperm 

expand (Kaur et al., 2023). 

Table 1 summarizes the physical characteristics of 

popped and gun-puffed rice, indicating that both rice 

variety and processing method had significant effects 

(P<0.05) on the hardness, bulk density, true density, 

porosity, and color (L*, a*, b*) of popped and gun-puffed 

rice. The data consistently shows this for both white and 

black glutinous rice types when it comes to hardness, bulk 

density, and true density. Dehusked rice had the highest 

hardness, bulk density, and true density. Gun-puffed rice 

and paddy rice were next, and popped rice at 10% and 14% 

had the lowest values. The order of porosity, from least to 

most, was dehusked rice, gun-puffed rice, popped rice at 

10%, and popped rice at 14%. The most porous was paddy. 

Dehusked rice made grains that were more uniform and 

dense, which led to the highest hardness, bulk density, and 

true density. Rapid heating causes microstructural changes 

and more porosity during the popping and puffing process. 

Swarnakar et al. (2022) concluded that during the 

popping and puffing process, the superheated steam inside 

the grain creates high internal pressure, which makes the 

endosperm expand into a porous structure. The rapidly 

expanding volume makes porosity much higher, bulk 

density, true density, and hardness much lower because the 

structural strength is weaker. These observations align with 

the physicochemical mechanism of puffing and popping in 

cereal grains as delineated by Swarnakar et al. (2022). When 

black glutinous rice was popped at a pre-treatment 

moisture content of 10%, it was more violent and dense 

than when it was popped at 14%. At the lower moisture 

level, both types of rice were less porous than at 14%. This 

is probably because the pericarp was wetter, which made it 

sticky and able to handle more pressure. Because of this, the 

endosperm grew bigger and the porosity grew. Itagi et al. 

(2023) reported that the best water content for maximum 

expansion is 12–14%, which gives the right amount of 

internal pressure. 

 
Table 1: Effect of glutinous rice variety and processing condition on hardness, bulk density, true density, porosity and color of rice 

Variety  Processing condition Hardness (kg) Bulk Density (kg/m3) True Density (kg/m3) Porosity L* a* b* 

White 

 

 

 

 

Black 

Paddy 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun-puffed 

Paddy 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun-puffed 

3.26±0.29c 

16.32±0.07e 

0.34±0.97a 

0.35±0.71a 

2.72±0.02c 

4.21±0.02d 

16.92±0.01e 

0.25±0.03a 

0.56±0.15b 

1.11±0.05ab 

470.5±25.8e 

837.6±0.5f 

92.1±2.4b 

84.8±3.7ab 

139.9±0.9d 

455.8±1.0e 

1004.9±1.2g 

92.2±0.3b 

72.3±2.7a 

119.6±15.6c 

1004.6± 3.8e 

1258.3± 0.6f 

173.2± 5.6b 

172.4± 0.9b 

252.6± 8.9d 

1001.1± 0.7e 

1255.4± 8.3f 

183.0± 0.1b 

154.5± 1.1a 

218.0±29.5c 

53.17±2.39ef 

33.43±0.02b 

46.71±0.29c 

50.77±0.35e 

44.62±3.17c 

54.48±0.39f 

19.96±2.15a 

49.62±0.12d 

53.18±1.16ef 

45.10±0.44c 

 

82.58±0.18g 

77.10±0.23e 

79.08±0.69f 

82.81±0.67g 

 

43.79±0.70a 

70.95±0.39d 

69.93±0.14c 

65.34±0.46b 

 

0.46±0.01a 

3.38±0.03e 

2.98±0.21d 

2.41±0.09b 

 

3.56±0.16e 

2.76±0.08c 

2.81±0.02cd 

2.97±0.05cd 

 

11.23±0.16c 

15.05±0.02f 

14.36±0.51e 

13.18±0.04d 

 

4.64±0.37a 

10.53±0.52b 

10.56±0.09b 

10.81±0.18bc 

The mean ±standard deviation (n = 3) is shown in the data. Different superscript letters in the same column show that the differences are statistically significant 

at P<0.05. Color parameters L* (lightness), a* (redness/greenness), b* (yellowness/blueness). 

 

 

Fig. 2: Scanning electron 

microscopy (SEM) of glutinous 

rice varieties subjected to 

various processing conditions. 

(A) variety white; (B) variety 

black; (a) dehusked rice; (b) 

paddy with 10% moisture 

content subjected to popping; 

(c) paddy with 14% moisture 

content subjected to popping; 

(d) paddy processed by gun-

puffing. 

 

A 

    

B 

    
 b c d e 
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The differences in L*, a*, and b* values for both types of 

rice after dehulling and popping show that thermal processing 

(popping/gun-puffing) causes pigment breakdown and 

non-enzymatic browning reactions like the Maillard 

reaction (Schutte et al., 2024). After popping, the lightness L* 

value of white glutinous rice went down a little, which means 

it looked darker. The a* and b* values went up, which means 

the rice looked more red and more yellow. This trend is linked 

to the formation of caramelized compounds or Maillard 

reaction products that cover the surface of the starch. In black 

glutinous rice, on the other hand, L* went up after popping, 

making it look lighter, while a* went down and b* went up. 

This behavior is due to the breakdown of anthocyanins, 

which usually give a purple to dark red color. When heated, 

anthocyanins break down and are replaced by degradation 

products with yellow-brown tones, thereby altering the 

overall color profile (Sinela et al., 2017; Oancea, 2021). 

 

Nutritional Components and Energy Value 

Table 2 on nutritional components and energy value 

shows that the protein, fat, water, ash, carbohydrates by 

difference, and energy values were very different for each 

variety and processing condition (p<0.05). Across all 

treatments, black glutinous rice consistently exhibited 

higher protein content than white glutinous rice, which is 

consistent with previous reports showing that pigmented 

rice varieties generally contain higher protein levels than 

non-pigmented rice (Amrinola et al., 2022). In white 

glutinous rice, popping at initial moisture contents of 10% 

and 14% resulted in higher protein levels compared with 

dehusked rice. This is because the polished process removes 

some of the aleurone and the embryo which in high 

concentrations contain protein. Rice proteins are mainly 

located in the aleurone layer, the embryo, and to a lesser 

extent in the endosperm (Evangelista & Schönlechner, 

2025). In contrast, black glutinous rice showed a slight 

reduction in protein content after popping, which may be 

associated with thermal degradation during high-

temperature processing, the presence of anthocyanins 

bound non-covalently to the hydrophobic groups of 

proteins, Maillard reactions between carbonyl groups of 

reducing sugars and amine groups of amino compounds 

(Jia et al., 2021; Ren et al., 2021; Schutte et al., 2024). Proteins 

absorb energy from heat, which increases molecular 

motion, unfolds the protein structure, reveals hydrophobic 

groups, rearranges disulfide bonds, and decreases the 

solubility of proteins (Song et al., 2026). The gun-puffing 

process applied to both rice varieties resulted in higher 

protein contents relative to dehusked rice. This increase is 

likely due to moisture loss during thermal expansion, which 

concentrates the protein fraction on a dry-weight basis. 

Dehusked white glutinous rice had much less fat than 

black glutinous rice. This finding aligns with existing 

literature, which demonstrates that dehulling white rice 

eliminates the majority of lipids present in the aleurone and 

bran layers, while black rice preserves a greater lipid content 

(Itagi et al., 2023). The popping and gun-puffing processes 

made the lipid content in both white and black glutinous 

rice higher. This rise was mainly caused by the quick loss of 

moisture during heating, which made non-volatile parts like 

lipids more concentrated, and by the breaking up of the 

starch–protein matrix, which let lipids out (Liu et al., 2025). 

Gun-puffing produced the highest lipid levels, which means 

that the high temperature and pressure helped the aleurone 

and embryo fractions release more oil. In general, black 

glutinous rice always had more lipids than white glutinous 

rice, and the differences were even bigger when the rice was 

popped or gun-puffed. 

In both the popping and gun-puffing processes, the 

amount of water goes down. The drop happens because 

when popping and gun-puffing happen, the pressure 

suddenly drops from a high-pressure environment to 

atmospheric pressure. This makes the saturated steam 

inside the grains escape quickly, which makes the moisture 

content in the grains drop sharply (Swarnakar et al., 2022).  

The amount of ash in rice shows how many minerals are 

in it (Nath et al., 2022). Black glutinous dehusked rice has 

more ash than white glutinous dehusked rice. This aligns 

with findings from Ahmad Shakri et al. (2021), which 

indicated that the ash content in pigmented rice varieties is 

typically greater than that in non-pigmented rice. Dehusked 

rice had less ash than popped rice for both types. This is 

because the dehulling process takes off some of the 

aleurone layer, which is full of minerals. On the other hand, 

popping uses whole grains with intact aleurone, which keeps 

the ash content. The ash content of both types of gun-puffed 

rice was not very different from that of dehusked rice. 

The difference in carbohydrate content between the two 

types and the way they are processed is due to the effects of 

protein, fat, water, and ash. After the popping and puffing 

process, the energy values went up a lot. The main reasons for 

this rise are lower water content and higher lipid levels. This 

result shows that gun-puffed glutinous rice has a lot of energy, 

which makes it a good snack that you can eat right away. 

 

Functional Properties of Food Include Resistant Starch 

(RS) and Dietary Fiber (DF) 

 There are two types of dietary fiber: soluble dietary 

fiber (SDF) and insoluble dietary fiber (IDF). Table 3 shows 

that the levels of RS, SDF, IDF, DF, and anthocyanins in 

different types of rice and under different processing 

conditions were very different (P<0.05). 

 
Table 2: Effect of glutinous rice variety and processing condition on nutritional components and energy of rice 

Variety of glutinous rice Processing condition Protein (%) Lipid (%) Moisture (%) Ash (%) Total Carbohydrate (%) Energy (kkal/100 g) 

White 

 

 

 

Black 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun-puffed 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun-puffed 

8.24±0.09a 

9.19±0.21de 

9.33±0.45e 

8.88±0.14cd 

9.87±0.06f 

8.55±0.05b 

8.63±0.09bc 

10.54±0.16g 

0.54±0.04a 

2.51±0.12bc 

2.62±0.06cd 

0.67±0.10a 

2.40±0.16b 

2.59±0.10cd 

2.68±0.04cd 

2.77±0.10d 

11.90±0.61e 

6.92±0.37d 

6.92±0.37d 

5.03±0.15a 

11.23±0.14e 

5.88±0.12b 

6.79±0.29cd 

4.92±0.16a 

0.49±0.02a 

1.55±0.07d 

1.50±0.08cd 

0.58±0.02a 

1.60±0.03d 

1.43±0.04bc 

1.34±0.02b 

1.52±0.10cd 

78.83±0.85b 

79.79±0.28bc 

80.37±1.60cd 

84.83±0.40e 

74.90±0.83a 

81.55±0.03d 

80.56±0.20cd 

80.25±0.26cd 

353.11±2.99a 

378.55±1.98c 

382.44±7.21cd 

380.91±0.18c 

360.66±4.50b 

383.71±0.84cd 

380.89±1.23c 

388.08±1.62d 

Values (mean±SD; n = 3) with different superscripts in the same column indicate significant (P<0.05) differences. 
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Table 3: Effect of glutinous rice variety and processing condition on resistant starch, dietary fiber, and anthocyanin of rice 

Variety of glutinous rice Processing condition RS (%) SDF (%) IDF (%) DF (%) Anthocyanin (mg/100mL) 

White 

 

 

 

Black 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

62.25±0.18g 

50.39±0.09d 

43.58±0.18b 

58.50±1.64f 

65.53±0.17h 

48.59±0.19c 

39.41±0.09a 

56.69±0.25e 

0.09±0.01c 

0.06±0.02a 

0.05±0.01a 

0.11±0.01d 

0.21±0.01e 

0.12±0.00d 

0.09±0.01c 

0.21±0.01e 

0.39±0.01e 

0.23±0.01c 

0.11±0.00a 

0.28±0.01d 

0.87±0.01h 

0.40±0.01f 

0.21±0.01b 

0.64±0.01g 

0.47±0.01d 

0.28±0.02b 

0.15±0.01a 

0.38±0.01c 

1.08±0.01g 

0.52±0.01e 

0.29±0.01b 

0.85±0.01f 

4.45±0.51a 

1.22±6.97a 

2.00±0.10a 

1.67±2.87a 

328.19±0.17e 

32.90±0.17d 

24.32±3.19c 

15.47±0.51b 

Values (mean±SD; n = 3) with different superscripts in the same column indicate significant (P<0.05) differences. RS (Resistant Starch); SDF (Soluble Dietary 

Fiber); IDF (Insoluble Dietary Fiber); DF (Dietary fiber DF). 

 

The popping and gun-puffing processes lower RS or 

make starch easier to digest because starch gelatinization 

and dietary fiber breakdown happen at the same time (Joshi 

et al., 2014). Starch crystals break down and gelatinize when 

they are heated and put under pressure quickly. Amylolytic 

enzymes can get to the starch more easily because the 

texture is porous and the hardness is lower (Zhu, 2021; 

Freitas et al., 2025). Furthermore, the microstructure of 

popped and gun-puffed rice (Fig. 2) shows that the internal 

structure of the grains changes from dense and compact to 

sparse and porous, as evidenced by the increase in porosity 

(Table 1). These results are consistent with research by Jia et 

al. (2021), which found that porous networks can increase 

the internal surface area and degree of gelatinization of the 

grains. Increased internal surface area facilitates enzymatic 

hydrolysis of starch, thus increasing the digestibility and 

absorption of starch, or decreasing the RS. 

The RS content in dehusked black glutinous rice is 

greater than that in white glutinous rice. This finding is in 

line with the report (Rajendran & Chandran, 2020) that says 

pigmented rice has a unique starch and cell wall matrix 

composition, as well as anthocyanin compounds that stop 

enzymes from working.  

Dietary fiber is the part of food that the body can't 

break down with enzymes (Huang et al., 2018). After 

popping, total DF, SDF, and IDF all tend to go down, with 

IDF going down the most. The decline results from the 

partial degradation of cell wall polysaccharides upon 

heating. Black glutinous rice consistently exhibited 

elevated dietary fiber content compared to white 

glutinous rice under similar conditions, corroborating the 

findings of Sompong et al. (2011) that pigmented rice is 

abundant in dietary fiber and bioactive compounds. Black 

glutinous rice demonstrated superior nutritional 

properties relative to white glutinous rice, as it preserved 

a higher dietary fiber content.  

There was a big difference in anthocyanin content 

between different types and processing conditions (P<0.05) 

(Table 3). Under all processing conditions, white glutinous 

rice had less anthocyanin than black glutinous rice. 

According to (Mustofa et al., 2024)), anthocyanin is the main 

pigment in black rice varieties, and cyanidin-3-glycoside is 

the most common type. Anthocyanins diminish during both 

popping and puffing processes, attributable to their 

phenolic constituents that are susceptible to degradation at 

elevated temperatures (Tiozon et al., 2023). During 

anthocyanin degradation during heating popping and 

puffing in an aqueous medium, cyanidin-3-glucoside and 

peonidin-3-glucoside undergo glucose hydrolysis, 

separating the glucose moiety from C3G and P3G, resulting 

in the formation of cyanidin, peonidin, and glucose. As the 

thermal process continues, the heterocyclic rings of cyanidin 

and peonidin are hydrolyzed, further forming phloroglucine 

aldehydes and phenolic acids (Das & Sit, 2021).  

 

Pasting Properties 

Table 4 of the pasting properties shows that the paste 

profile is greatly (p<0.05) affected by the type of paste and 

how it was made. Dehulled white glutinous rice has the 

highest peak viscosity, breakdown, setback, and final 

viscosity. This means that the starch granules are still whole 

and swell, break, and retrograde when the temperature 

changes and the mixture is stirred. On the other hand, 

popping treatment at 10% and 14% moisture content and 

puffing caused a big drop in almost all pasta parameters, 

such as peak and final viscosity. The peak time also dropped 

significantly, from 10min to 3min. This shows that popping 

and gun-puffing cause partial pregelatinization, which 

breaks down starch granules and breaks up amylose and 

amylopectin chains. This stops the granules from swelling.  

These results align with earlier studies by Itagi et al. 

(2023) and Kumar & Prasad (2018), which reported reduced 

viscosity in rice following popping and puffing treatments 

due to starch granule degradation. For example, black 

glutinous rice has lower peak and final viscosities than white 

glutinous rice. This is because of phenolic compounds or 

anthocyanins and interactions between starch, protein, and 

lipids that stop granules from swelling. This phenomenon 

corresponds with the results of Itagi et al. (2023), who 

indicated that black rice typically demonstrates a lower 

viscosity profile than white rice. 

 

FTIR Spectroscopy 

The peaks observed in the FTIR (Fig. 3) can be grouped 

into several regions (Shavandi et al., 2022). All samples 

exhibit a wide absorption band at a wave number of 

approximately 3280cm⁻¹, attributed to O–H stretching, 

analogous to the findings of Saha & Roy (2022). Both types 

of rice had lower intensity in popped rice samples (10% 

and 14%) and gun-puffed rice than in dehusked rice. This 

means that the heating process changes the way hydrogen 

bonds form and lowers the amount of water in the food. 

This also means that the starch has turned into a gel and 

lost some of the water that was bound to it. The band at 

2790–3025cm⁻¹ (C–H stretching) comes from C–H 

vibrations in polysaccharides and lipids. There were some 

small changes in popped rice and gun-puffed rice, which 

suggests that lipids were rearranged and some aliphatic 

bonds were partially broken during the popping and 

puffing process. 
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Table 4: Effect of glutinous rice variety and processing condition on pasting properties of rice  

Variety of 

glutinous rice 

Processing 

condition 

Peak Viscosity 

(cP) 

Trough Viscosity 

(cP) 

Breakdown Viscosity 

(cP) 

Setback Viscosity 

(cP) 

Final Viscosity (cP) Peak Time (s) 

White 

 

 

 

Black 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

1665±43f 

724±28b 

1219±75d 

1416±33e 

149±45a 

832±26c 

1190±103d 

653±23b 

1160±47g 

635±4bc 

777±22e 

829±19f 

147±5a 

718±23d 

650±18c 

595±17b 

505±4cd 

89±0b 

443±6c 

586±9d 

2±79a 

114±80b 

540±51d 

58±9ab 

1022±39f 

257±1c 

314±5d 

445±27e 

77±16a 

242±17bc 

259±33c 

210±29b 

2182±77e 

892±4c 

1090±26d 

1274±32d 

224±18a 

960±29c 

909±18c 

805±37b 

10.04±0.08b 

3.25±0.10a 

3.07±0.31a 

3.07±0.00a 

11.49±0.00b 

3.07±0.00a 

3.07±0.00a 

3.31±0.27a 

Values (mean±SD; n = 3) with different superscripts in the same column indicate significant (P<0.05) differences. 

 
Table 5: Cooking quality of instant rice noodles substituted with modified rice flour 

Variety of glutinous rice Modified Rice Flour Cooking Time (min) Cooking Loss (%) Water absorption (%) 

White 

 

 

 

Black 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

Dehusked 

Popped (10%) 

Popped (14%) 

Gun puffed 

2.55±0.06d 

1.89±0.05c 

1.78±0.05b 

1.67±0.03ba 

2.55±0.05d 

1.93±0.06c 

1.85±0.10bc 

1.60±0.04a 

4.08±0.09e 

3.19±0.13b 

4.26±0.09f 

3.58±0.03c 

3.51±0.07c 

3.05±0.02a 

3.73±0.08d 

3.25±0.06b 

119.76±3.12a 

127.26±1.04b 

147.41±0.64c 

168.95±0.58d 

120.46±4.29a 

130.36±0.77b 

139.76±3.31c 

161.92±4.75d 

Values (mean±SD; n = 3) with different superscripts in the same column indicate significant (P<0.05) differences. 

 

 
 
Fig. 3: FTIR spectra of glutinous white rice (above) and glutinous black rice (below) under different processing conditions: dehusked, popped 10%, popped 14%, 

and gun-puffed. 

 

There are peaks between 1770 and 1500cm⁻¹ (C=O 

stretching, protein amide I, and carbonyl bonds). The peak 

at 1667cm⁻¹ was stronger in the popped rice (14%) and gun-

puffed rice samples than in the dehusked rice. This means 

that the protein has been denatured and new carbonyl 

bonds may have formed because of heat reactions, like the 

Maillard reaction between proteins and carbonyl 

compounds. The amide II, C–N vibrations, and N–H bending 

are all in the range of 1500–1200cm⁻¹. The peak at 1517cm⁻¹ 

is more pronounced in popped rice and gun-puffed rice 

samples than in brown rice, suggesting a modification in the 

protein's secondary structure during heating. The 1200–

900cm⁻¹ range is where starch has its fingerprint: C–O, C–C, 

and glycosidic bonds. The peak at 1022cm⁻¹ for sharp and 

clear dehusked rice shows that the starch structure is still 

crystalline. The bands are wider and have different 

intensities for popped rice (10% and 14%). This means that 

the crystalline structure has been broken and changed into 

a more amorphous form. 

The Quality of Cooking Instant Rice Noodles 

Table 5 shows the results of cooking rice noodles. The 

findings indicate that incorporating white and black rice 

flour varieties into rice noodles from the popping/puffing 

process diminishes cooking time, enhances rehydration 

capacity, and reduces cooking loss of instant rice noodles. 

This change is in line with the way that expansion works, 

where heat and pressure treatment makes pores and weak 

membranes that let water in faster and cut down on cooking 

time. However, as reported by Yadav et al. (2024), expansion 

treatments may also increase the leaching of soluble solids 

from starch granules during cooking. Rehydration capacity 

increased significantly for dehusked rice to popped and 

gun-puffed rice, indicating that the porous structure of rice 

flour resulting from the expansion process supports water 

absorption ability. Adding popped and gun-puffed rice to 

rice noodles speeds up the rehydration process. 
 

Conclusion 

This research focused on the effects of rice varieties, 
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water content, and the popping and puffing processes on 

the physicochemical and functional properties of popcorn 

rice. Rice modified by popping and puffing processes is 

used to improve the cooking properties of instant rice 

noodles. White glutinous rice varieties have better 

hardness, porosity, color, and pasting properties than black 

glutinous rice varieties. However, black glutinous rice 

varieties have better nutritional components and functional 

properties, such as resistant starch, digestible fiber, and 

anthocyanin content. Gun-puffing can be used to make 

gun-puffed rice from black glutinous rice instead of white 

glutinous rice, which makes less expanded gun-puffed rice. 

The use of gun-puffing technology may be considered as 

an alternative for producing gun-puffed black glutinous 

rice, while white glutinous rice tends to yield less expanded 

gun-puffed rice under the same treatment. The porosity of 

gun-puffing in black glutinous rice increases 2.3 times 

compared to dehusked rice, but only 1.3 times in white 

glutinous rice. The addition of glutinous rice flour can 

shorten the cooking time (24.3-37.3%) for instant noodles 

and increase their weight. Therefore, the initial water 

content treatment and development method produced 

value-added glutinous rice flour adapted for non-fried 

instant rice noodle applications. 
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