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Abstract Plasma surface modification processes account for most of the 

commercial uses of surface modification because they are fast, efficient methods 

for improving the adhesion, wettability properties and other surface characteristics 

of a variety of materials. This research was aimed to investigate of surface 

modification of pigmented rice by plasma technique. Two rice varieties namely 

Kum Doi Saket and Hom Nil rice were used. The samples were subjected to plasma 

treatment with different gas types to determine suitable gas type. The types of 

gas for plasma treatment were argon, nitrogen and air. The output voltage of the 

plasma was 0.1428 W at the frequency of 110 Hz and treatment time of 40 min. 

It was found that plasma treatment with various gas types on the samples caused 

a reduction in cooking time and increase in water uptake ratio, length expansion 

ratio and volume expansion ratio, an increase in water absorption, a decrease in 

contact angles as compared to untreated sample. These results were related to 

etching of the bran layer of the rice grain which allowed better water transfer into 

the grain during cooking. It was also found that plasma production using plasma 

gas had more effect on texture of the rice grains, as compared to without plasma 

treatment. 
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INTRODUCTION 
 

Thailand is one of the most efficient producers and one of the world largest 

rice exporters (Forssell, 2009). There are many types of pigmented Thai rice 

that provide outstanding benefits such as Kum Doi Saket, Hom Nil, Riceberry 

and Sangyod. Normally, brown rice or unpolished rice is often considered 

healthier rice than white rice because of its higher nutritional value (Khamtong 

et al., 2014). Pigmented rice contains essential nutrients such as proteins, 

dietary fibers, vitamins, minerals, γ-oryzanol, gamma-aminobutyric acid 

(GABA), tocotrienol, octacosanol and carotenoid (Champagne, 2004; Chen et 

al., 2012). However, most people do not prefer cooked brown rice due to its 

poor cooking and eating qualities (Das et al., 2008). There are several reports 

on studies to reduce the cooking time of brown rice such as enzymatic treatment 

(Das et al., 2008; Somjai, 2015), germination (Chung et al., 2012; Cornejo et 

al., 2015; Li et al., 2018), and ultrasonic treatment (Cui et al., 2010; Zhang et 

al., 2015; Park and Han, 2016; Bonto et al., 2018). However, these treatments 

have some disadvantages such as being complicated processes, low quality 

appearance, undesirable texture and taste, unpleasant odors (Cui et al., 2010; 

Chen et al., 2012; Chen, 2014). 

  Plasma is the fourth state of matter besides solid, liquid, and gas. It is 

consisted of positive and negative ions, electrons, free radicals, atomic species, 

and UV photons with a net neutral charge (Gaunt et al., 2006; Kogelschatz, 

2007). There are two types of plasma; thermal (hot plasma) and non-thermal 

(cold plasma) plasmas (Mantham, 2006). Many researches apply cold plasma 

treatment in both solid and liquid foods (Chen et al., 2012; Chen, 2014; Bahrami 

et al., 2016; Halee et al., 2016;  Kovacevic et al., 2016; Thirumdas et al., 2017; 

Dixit et al., 2018) due to its ability to improve surface of material and does not 

require chemicals. Thus after plasma, there is no environmental pollution 

expelled (Dobrin et al., 2013). Furthermore, the plasma technology was 

successfully used to improve surface properties of non-food materials, for 

example, textiles and polymers (Kan et al., 1998; Laroussi, 2005; Pankaj et al., 

2014; Wasy zia et al., 2014; Arolkar et al., 2015). 

 Plasma etching is one of the plasma processes. It can improve surface 

properties of a substrate. The particles occurred as plasma (ions, electrons, free 

radicals and other) during plasma generation will collide with the surface of the 

material exposed to the plasma. The surface is obtained with desired functions 

and geometries (Braithwaite, 2000). Plasma etching applies gases or gas 

combinations such as argon, nitrogen and oxygen. Some research found that 

the plant seed surface had discoloration, visible damages and a reduced 

germination by using of nitrogen and oxygen plasma which may be due to a 

degradation of surface polysaccharides (Selzuk, 2008), while increased 

germination rate was found when argon was used (Volin, 2000). Zou et al. 

(2004) reported that argon glow discharge plasma could be used to modified 

starch by generating cross linking between starch molecules. The loss of OH 

groups during the cross-linking of α-D-glucose is due to a collision of Are-species 

with hydroxyl group. Ar plasma can change the surface topography and surface 

chemistry of powders (Dixit et al., 2018). Thirumdas (2015) reported that low 

temperature plasma treatment can be used to improve cooking quality of 

basmati rice. The plasma treatment decreased contact angle and increased 

surface energy of the rice grains. The etching and the increase in surface energy 

of rice grains could be useful to reduce cooking time due to better water 

absorption into the grains. The cooking time, hardness and water contact angles 

of parboiled rice were reduced after plasma treatment. Also the cooked brown 

rice has a soft texture (Chen et al., 2012; Chen, 2014; Sarangapani et al., 2015; 

Lee et al., 2016). 
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 This research was aimed to investigate the application of plasma technology 

for rice quality improvement by mechanism of surface modification. In this 

study, effects of plasma from different gasses on cooking, physical and chemical 

properties of rice were investigated, in order to find a suitable gas types for 

plasma surface modification of unpolished pigmented Thai rice.  

 

 

 

MATERIALS AND METHODS 

 

Rice sample 
Kum Doi Saket and Hom Nil (Oryza sativa L.) were procured from Chiang 

Mai, Thailand, which grown in wet-season from June to August and harvest 

between October to December 2015. The samples were carefully dehusked and 

vacuum sealed in aluminum foil bags (150×250 mm) and stored at 4°C until 

further analysis within 1 week. 

 

Plasma treatment  
Samples of pigmented rice (2.5 g) were paste on double sided tissue 

tape, then placed on an alumina (4x4 cm) plate. The distance between the 

electrodes was 1 mm in all the experiments and exposure to plasma using 

dielectric-barrier discharge (DBD). The gases used for plasma generation were 

argon, nitrogen and air. The output voltage of the plasma was 0.1428 W with 

frequency of 110 Hz and treatment time of 40 min at gas flow rate of 2 L/min. 

From the preliminary experiment, it was found that a treatment time of 40 min 

could obviously influence the surface of brown rice. Therefore, the process time 

for this experiment was fixed at 40 min. The experiment was conducted in a 

complete randomized design (CRD) with 3 replications. Untreated rice samples 

were used as the control samples. The control samples and plasma-treated Kum 

Doi Saket and Hom Nil rice samples were analyzed for cooking quality, physical 

and chemical properties as follows: 

 

 

Cooking properties measurement 
 

Optimal cooking time (OCT). The OCT was determined using the 

method of Chen et al. (2012). Two grams (2 g) of sample was added to boiling 

water (20 mL). A few kernels were removed after 10 min of boiling and then at 

every 1 min interval during cooking. The kernels were pressed between two 

glass plates until no white core was present. The cooking time until the white 

core disappeared was noted as OCT. 

 

Water uptake ratio (WUR). Rice samples (2 g) were cooked in 20 mL of 

distilled water for optimal cooking time in boiling water on a hotplate (MR 3001, 

Heidolph, Schwabach, Germany). The cooked samples were then accurately 

weighed and the WUR was calculated according to equation (1) (Somjai, 2015). 

 

WUR =   
Weight of cooked rice

Weight of uncooked rice
                            (1) 

 

Length expansion ratio (LER). Length of each cooked grain was 

measured using a digital caliper (CD-6 CSX, Mitutoyo, Takatsu-ku, Kawasaki, 

Japan) (measuring range 0-150 mm or 0-6 inch). The lengths of ten cooked rice 

kernels were divided by lengths of 10 uncooked raw kernels and the result was 

reported as LER (Chen et al., 2012), as calculated using equation (2) 
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             LER =  
Final grain length after cooking

Initial grain length before cooking
                 (2) 

 

Volume expansion ratio (VER). Two gram (2 g) samples were weighed 

into a test tube and 5 mL distilled water was added. Cooking was carried out by 

placing the sample test tube in boiling water and cooked until reaching OCT. The 

volume ratio of raw kernel and cooked was determined by water displacement 

method using a measuring cylinder. The VER was calculated using equation (3) 

(Verma et al., 2015). 

 

                       VER =  
Volume of cooked rice

Volume of uncooked rice
                         (3) 

 

Water absorption behavior in soaking procedure  
Water absorption was measured using the method of Chen et al. (2012) 

for up to 5 h. Samples of pigmented rice, approximately 5 g, were weighed to 

an accuracy of ±0.1 mg. The samples were transferred into 30 mL vessels with 

screw caps, large enough to prevent the kernels from touching each other. The 

flasks were then placed at room temperature. At specific times, the soaked rice 

was placed on a filter paper (1001-020, Whatman No.4, 110 mm). The kernels 

were quickly blotted with another filter paper (3-5 times) until they lost the 

glistening appearance associated with the presence of a surface film of water. 

After blotting, the grains were transferred into a prepared weighing bottle and 

weighed to an accuracy of ±0.1 mg. Percentage water absorption was calculated 

from the increased in weight of rice kernels after soaking. The water absorption 

was calculated using equation (4). 
 

                                            Water absorption (%) =  
Weight of soaked rice − Weight of unsoaked rice

Weight of unsoaked rice
 × 100        (4) 

 

Water contact angle and surface energy 
The effect of the plasma on the hydrophilicity of pigment rice was 

determined by water contact angle (Deshmukh and Bhat, 2003). A 0.5 ml droplet 

of water was applied on the surface of rice kernel with and without plasma 

treatment. The evolution of the droplet shape was recorded each 10 s by a video 

camera, image analysis software (Sessile drop, Plasma and Beam Physics, 

Thailand) was used to determine the contact angle evolution. The surface energy 

was calculated from water contact angle values, using Neumann's equation 

(equation 5) as described by Deshmukh and Shetty (2008);  

 
S. E = A(θ)3 − B(θ)2 − C(θ) + γl             (5) 

where A, B, and C are constants, θ is angle of contact and γl is surface 

tension of a liquid (water). The constant values of A, B and C used for calculation 

of the surface energy were 2.9×10-5, -0.00652, and -0.1326, respectively (Ward 

and Neumann, 1974). Since the water contact angle was measured at 25oC, the 

corresponding water’s surface tension of 71.99±0.05 mN/m-1 was used in the 

equation (5) (Pallas and Harrison, 1990). 

Microstructure of rice kernel surface   
 Surface morphology of rice kernel was examined using a scanning electron 

microscopy (SEM). The rice samples were sputter-coated with gold and observed 
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by JEOL JSM- 5910LV, Japan (operating at 0.3 to 30 kV, spatial resolution of 4.5 

nm) (Chen, 2014). 

 

Proximate analysis 
 Chemical compositions of rice samples were analyzed according to AOAC 

(2000) standard methods. The moisture content of the rice sample was 

determined after drying at 105oC until a constant weight was attained. Protein 

was determined by combustion (LEGO EP-528, United States). Crude lipids were 

extracted with petroleum ether, using a soxhlet extraction unit (Tecator A 

Perstorp Analytical Company, Sweden). Ash and fiber contents were determined 

using gravimetric methods. The total crude carbohydrate was estimated by the 

equation (6). 

  

     Carbohydrate (%) = 100 − (%moisture + %protein + %lipids + %fiber + %ash )  (6)                     

 
Statistical analysis  
 The experiment was carried out using a complete randomized design (CRD) 

with 3 replications. Measurements were conducted in triplicates. The results 

were statistically analyzed by one-way ANOVA technique using SPSS and 

Duncan's multiple range test was used to determine significant differences 

between mean values. Statistical significance was declared at 95% confidential 

level (P≤0.05). 

 

RESULTS  

 

Effect of plasma treatment on cooking properties 
Cooking quality parameters measured in terms of optimal cooking times 

(OCT), water uptake ratio, length expansion ratio and volume expansion ratio 

are shown in Table 1. 

 

Table 1. Cooking properties of Kum Doi Saket and Hom Nil rice after treatment with plasmas from different 
gases. 

Plasma gas  

Optimum 

cooking time 

(min) 

Water uptake 

ratio 

Length 

expansion 

ratio 

Volume  

expansion  ratio 

Kum Doi Saket 

Untreated  

Argon Plasma 

 

40.0a 

34.0b 

 

1.51b ± 0.04 

1.64a ± 0.03 

 

0.99b ± 0.01 

1.06a ± 0.01 

 

1.71a ± 0.00 

1.89a ± 0.19 

Nitrogen Plasma 34.0b 1.65a ± 0.07 1.08a ± 0.01 1.89a ± 0.10 

Air Plasma 

Hom Nil 

Untreated 

Argon Plasma 

Nitrogen Plasma 

Air Plasma 

34.0b 

 

30.0a 

28.0b 

28.0b 

28.0b 

1.68a ± 0.06 

 

1.73a ± 0.04 

1.75a ± 0.10 

1.75a ± 0.07 

1.77a ± 0.06 

1.05a ± 0.02 

 

0.99c   ± 0.01 

1.04ab ± 0.02 

1.06a   ± 0.03 

1.01bc ± 0.01 

1.83a ± 0.00 

 

1.81b ± 0.08 

2.07a ± 0.11 

2.00a ± 0.00 

2.02a ± 0.03 

Note: Values presented in the table are means + standard deviations. Different superscripts after the mean values in the same column 

indicate significant differences of means at 95% confidence level (P≤0.05). 

 

After treatments with plasmas from different gases, the OCT of both rice 
varieties decreased as compared to those of the control samples (P≤0.05). The 

cooking times of Kum Doi Saket and Hom Nil samples were reduced by 16% and 

6.67%, respectively. The water uptake ratios of both rice samples treated with 
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plasma increased to the ratios of 1.64-1.68 and 1.75-1.77, respectively, as 

compared to untreated brown rice. The length expansion ratios of Kum Doi Saket 
and Hom Nil rice significantly increased (P≤0.05) for all plasma treated samples. 

They were in the ranges of 1.05-1.08, and 1.01-1.06, respectively. This 

conforms to water uptake ratios of both rice samples. The volume expansion 
ratio of Kum Doi Saket did not change significantly (P>0.05) after the plasma 

treatments, whereas that of Hom Nil significantly increased (P≤0.05) to the 

ratios 2.00-2.07 after the plasma treatment.   

 

Effect of plasma treatment on water absorption behavior 
 From the study of water absorption characteristics of Kum Doi Saket and 

Hom Nil rice after treatments with plasmas of argon, nitrogen, and air, it was 

found that water absorption rate was significantly increased (P≤0.05) when 

compared with untreated samples (Figure 1). The rates of water absorption of 

Kum Doi Saket rice were in the ranges of 8.17 to 24.73%, 9.68 to 26.18%, and 

11.23 to 26.23% after treatment with plasmas of argon, nitrogen and air, 

respectively. For Hom Nil rice, the rates of water absorption were in the ranges 

of 7.37 to 22.67%, 8.74 to 22.21%, and 10.03 to 22.98%, respectively, after 

the treatments.  

 

(A) (B) 

 

 

Figure 1. Water absorption of pigmented rice after plasma treatments. (A) Water 

absorption of Kum Doi Saket rice, (B) Water absorption of Hom Nil rice. 
 

Effect of plasma treatment on contact angle 
 Results of contact angle measurements of both Kum Doi Saket and Hom Nil 

rice with and without plasma treated are shown in Figure 2. The contact angles 

of rice samples treated with argon, nitrogen, air plasmas and without plasma 

treatment were 52.31°, 55.54°, 53.63° and 68.85°, respectively, for Kum Doi 

Saket rice samples. The water contact angles were 53.34°, 55.28°, 55.47° and 

72.15°, respectively, for Hom Nil rice samples. The surface energies of Kum Doi 

Saket rice samples treated with and without plasma were 47.18±2.16, 

44.50±1.90, 46.14±0.78 and 31.96±1.86 mJ/m2, respectively.  For Hom Nil 

rice, the surface energies were found to be 47.52±2.93, 44.69±2.76, 

44.95±1.70 and 30.70±0.99 mJ/m2, respectively. 
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Figure 2. Water contact angles of pigmented rice after plasmas 

treatments. 

 

 

Effect of plasma treatment on microstructure 
Figure 3 shows the surface structures of Kum Doi Saket and Hom Nil rice 

samples after treatment with plasmas from different gases. Surface changes 

were observed by scanning electron microscope at a magnification of 20 µm 

(650X).    

 

Figure 3. SEM images (650X) of Kum Doi Saket and Hom Nil rice samples 

after treatments: (A) No treatment, Treatments with plasmas from (B) 

argon gas, (C) nitrogen gas, (D) air. 

 

Chemical composition of rice samples 
After treatment with plasmas from argon, nitrogen and air, the samples 

were subjected to proximate analysis and the results are shown in Table 2. The 

moisture contents of Kum Doi Saket rice samples were not significantly 

difference (P>0.05). Moisture contents of Hom Nil rice samples significantly 

 Kum Doi Saket Hom Nil 

A 

  
 

B 

  
 

C 

  
 

D 
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decreased (P≤0.05) when compared to that of the control sample. The protein 

contents of Kum Doi Saket rice samples were 9.04, 9.17, and 9.09%, 

respectively, while those for Hom Nil rice samples were 8.62, 8.48, and 8.72% 

after treatments with argon, nitrogen and air plasma, respectively. Fat contents 

of Kum Doi Saket samples significant declined (P≤0.05) as compared to the 

control sample but no significant difference (P>0.05) amongst the plasma 

treatments was observed. Fat contents of Kum Doi Saket rice samples after 

treated with plasmas from argon, nitrogen and air were 3.65, 3.46, and 3.28%, 

respectively. Fat contents of Hom Nil rice samples were not significantly different 

(P>0.05) from that of the control. The fat contents were 3.86, 3.15, and 3.40%, 

respectively. The fiber contents of the two samples were significantly decreased 

(P≤0.05), compared to the untreated samples. The fiber contents of the Kum 

Doi Saket rice samples were 1.30, 0.93, and 1.59%, respectively, and 0.93, 0.63 

and 0.86%, respectively, for Hom Nil rice samples. Kum Doi Saket rice samples 

had the ash contents of 1.77, 1.77, and 1.76%, respectively; whereas Hom Nil 

rice samples had the contents of 1.74, 1.74, and 1.71%, respectively. 

Carbohydrate contents of Kum Doi Saket rice were significantly increased 

(P≤0.05) as compared to the untreated samples but the type of plasma gas did 

not cause significant difference in carbohydrate contents (P>0.05). 

Carbohydrate contents of Hom Nil rice samples were significantly increased 

(P≤0.05) as compared to the untreated samples. The contents were found at 

73.29, 73.80, and 75.27%, respectively.  

 

Table 2. Chemical composition of Kum Doi Saket and Hom Nil rice samples without and with 

treatments using plasmas from different gases. 

Proximate analysis    Untreated     Argon     Nitrogen       Air 

Kum Doi Saket 

Moiturens (%) 

Proteinns (%) 

Fat (%) 

Fiber (%)   

Ashns (%)  

Carbohydrate (%) 

Hom Nil  

Moiture (%) 

Proteinns (%) 

Fatns (%) 

Fiber (%)   

Ashns (%) 

Carbohydrate (%) 

 

12.25 ± 0.53 

9.03 ± 0.05 

4.55a ± 0.52 

1.62a ± 0.15 

1.77 ± 0.01 

70.78b ± 0.34 

 

12.48a ± 0.16 

8.73 ± 0.15 

4.15 ± 0.99 

0.99a ± 0.09 

1.74 ± 0.05 

71.92c ± 0.67 

 

11.21 ± 0.09 

9.04 ± 0.02 

3.65b ± 0.13 

1.30b ± 0.10 

1.77 ± 0.01 

73.03a ± 0.11 

 

11.57b ± 0.31 

8.62 ± 0.11 

3.8  ± 0.67 

0.93a  ± 0.05 

1.74 ± 0.02 

 73.29b ± 0.76 

 

11.13 ± 0.09 

9.17 ± 0.15 

3.46b ± 0.18 

0.93c ± 0.03 

1.77 ± 0.01 

73.54a ± 0.13 

 

11.97b ± 0.56 

8.48 ± 0.12 

3.15 ± 0.63 

0.63b ± 0.12 

1.74 ± 0.04 

73.80b ± 0.81 

 

11.11 ± 1.23 

9.09 ± 0.13 

3.28b ± 0.16 

1.59a ± 0.04 

1.76 ± 0.01 

73.16a ± 0.23 

 

10.27c  ± 0.10 

8.72  ± 0.03 

3.40  ± 0.33 

0.86ab ± 0.06 

1.71  ± 0.00 

75.27a ± 0.26 

Note:  Values presented in the table are means + standard deviations. Different superscripts after mean values in the same column 

indicate significant differences of means, and ns indicates non-significant difference at 95% confidence level (P≤0.05). 

 

 

DISCUSSION  

 

The decreases of OCT indicate that the application of plasma using all gas 

types could erode the grain’s bran layer, resulting in a better water absorption 

inside the grain. Similar results were reported that low pressure plasma 

treatment of brown rice could reduce the cooking time by 24-30% (Chen et al., 

2012; Chen, 2014). Plasma treatment using argon, nitrogen and air caused the 

surface of the grain to erode. This affected the cooking properties of the rice 

grain. The OCTs were reduced to 34 min for Kum Doi Saket and 28 min for Hom 

Nil rice. The water uptake ratio, length expansion ratio and volume expansion 
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ratio were increased as compared to the untreated samples. The increasing water 

uptake ratio also indicates increased rice softness (Mohapatra and Bal, 2006; 

Sommanee, 2011). The values obtained from plasma treatments using three 

types of gas were similar. This can be stated that all the experimented gas types 

of plasma were qualified for surface etching of rice grain. As a result, water can 

be absorbed into the grain easier, hence reducing cooking time while increasing 

water uptake rate, retention rates, and expansion volume rate (Chen et al., 

2012; Chen, 2014; Thirumdas et al., 2015). 

From the study of water absorption characteristics of Kum Doi Saket and 

Hom Nil rice after treatments with plasmas of argon, nitrogen, and air (Figure 

1), it was found that water absorption rate was significantly increased (P≤0.05) 

when compared with untreated samples. Typically, brown rice kernel has bran 

containing protein, fat, fiber and ash, which prevents water from entering the 

seed (Khatoon and Gopalakrishna, 2004). Consequently, increasing water 

absorption rate after plasma treatment indicates that plasma eroded the surface 

of the grain, causing acceleration of the water absorption during immersion 

(Chen et al., 2012). The increase in water absorption characteristic was related 

to cooking property (Lee et al., 2016). 

Figure 2 shows water contact angles of the samples treated for 40 min 

with frequency of 110 Hz using plasmas from different gases. Water contact 

angle is measured as change in droplet size or contact angle with respect to time 

and it is related to the wettability of the material (Yuan and Lee, 2013). From 

the results, the initial contact angles were higher for untreated rice samples. On 

the application of plasma treatment, significant differences (P≤0.05) in contact 

angles were observed. It was found that contact angles among the samples 

decreased. This may due to better absorption of water resulting in a decrease in 

contact angle (Andrade et al., 2005). The sharp decrease in water contact angles 

visualized for treated pigmented rice samples may be attributed mainly to the 

rapid absorption of the water. Parboiled rice with plasma treatment also showed 

a similar effect of reducing contact angle when compare to untreated rice 

samples (Sarangapani. et al., 2015).  

The surface energy of rice grains was affected by plasma treatment and 

it is known to relate to the water contact angle.  As plasma treatment caused 

the water contact angle to decreased, the calculated surface energy of rice grain 

was increased. The etching effects of plasma on the surface of rice grain 

generated rougher surface,  increased surface area, and breaking of the bran 

layer (as shown in Figure 3);  hence,  more exposure of the inner layer’s 

hydrophilic compounds can be expected. Therefore, the surface energy could 

increase.  The results were consistent with the research of Thirumdas et al. 

(2016) who studied the influence of low pressure cold plasma on cooking and 

textural properties of brown rice. Their results showed the increase in surface 

energy after the plasma treatment; and it was suggested to be as the result of 

an increase in hydrophilicity and surface area (Thirumdas et al. 2015; Thirumdas 

et al. 2016).  

From the surface quality analysis of both rice samples, more eroded and 

rough surfaces were observed as compared with the untreated samples (Figure 

3). The surface was eroded broadly but not very deep. Erosion occurs in the 

middle of the seed’s surface which was primarily exposed to plasma (Chen et al., 

2012). The change in the structure of the surface was clearly shown at 650X. 

When examining the image of Kum Doi Saket grain’s surface structure, the 

surface roughness of the grain was clear when using plasmas of argon and 

nitrogen. Argon and nitrogen gas are very easy to ionize due to having larger 

number of electrons in the outer shell. Hence, argon and nitrogen atoms are 

available to respond on surface of Kum Doi Saket rice (Yepez and Keener, 2016). 

Selzuk et al. (2008) reported that the use of plasma from nitrogen gas resulted 

in seed surface discoloration and visible damages (Selzuk et al., 2008). 

Moreover, it was also reported that Ar+ in combination with reactive oxygen 
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species such as *OH, *O and *O2 caused epidermis to degenerate guard cells 

(Grzegorzewski et al., 2011). The structure of the surface roughness of Hom Nil 

rice was clear when air plasma was used. Some research reported that air plasma 

is the source for reactive oxygen-based and nitrogen-based species, such as O, 

O2, O3, OH, NO, NO2 (Laroussi, 2009; Murakam et al., 2013). These plasma 

species can cause surface etching of parboiled rice (Sarangapani et al., 2015). 

Increasing water absorption rate and decreased OCT after plasma treatment 

showed that the surface of rice grain responded well to the ionization of all 

plasma gases. Thus, plasma has ability to generate surface etching and 

subsequently influent most surface related properties, such as water absorption 

ability as found to be beneficial for improvement of rice cooking properties in this 

research.  

For proximate analysis, the moisture content may be reduced due to the 

disintegration by the plasma when contact with the surface of the grain which 

causes water molecules on the surface to evaporate. A loss of moisture is 

specifically upon the surface that has been eroded (Zou et al., 2004; Thirumdas 

et al., 2015), which corresponds to the amount of moisture lowering in grain 

starches after a low pressure plasma treatment (Lii et al., 2002), while protein 

contents of both samples did not change (P>0.05). A slight reduction in fat 

contents may due to the breakdown of the outer cell wall by plasma or oxidation 

by free radical and unstable compounds, depending on factors such as different 

kind of energy, time and gas (Lii et al., 2002). Moreover, there is a report states 

that OH*-hydroxyl radical and O2*-superoxide anion caused by radiation may 

change the molecular properties of proteins and fats (Sarangapani et al., 2015). 

The fiber contents of the two samples were significantly decreased (P≤0.05), 

compared to the untreated samples. Crude fiber is the fiber from cell wall which 

forms the bran layer (Roberfroid, 1993). Erosion of the outer bran layer by 

plasma can lead to a reduction of fiber content. The ash contents of the two rice 

samples were not significantly affected (P>0.05) by plasma treatment. The 

sample treated with air was found to have the highest carbohydrate content. 

This might due to loss of more moisture from the surface of rice grains, giving a 

rise of the calculated carbohydrate content (Thirumdas et al., 2015). 

 
CONCLUSION 

 

Plasma treatment could significantly improve cooking qualities, texture 

and preserve major chemical composition of the unpolished, pigmented Thai 

rice. Reductions in cooking time and water contact angle; increases in water 

uptake ratio, length expansion ratio, volume expansion ratio and water 

absorption of the rice grains were observed after plasma treatment. These were 

caused by surface etching or erosion by plasma species, resulting in better water 

absorption and transfer inside the interior of the grain during cooking. 

Consequently, cooking quality and physical properties were improves, whereas 

chemical quality was not severely affected. Increasing surface roughness of the 

Kum Doi Saket rice grain was clearly shown when using argon and nitrogen 

plasmas, while the surface roughness of Hom Nil was clear when using air 

plasma. Plasmas from different gas types did not showed significant differences 

in most of the properties of rice. Plasma generated from argon gas had more 

effects on texture of the rice grains, as compared to nitrogen and air. Overall, 

plasmas from argon and nitrogen gases may slightly be better in improving 

cooking quality of the unpolished pigmented rice grains as compared to plasma 

generated from air. However, selection of the appropriate gas type for plasma 

treatment should include the results of chemical and other physical analyses, as 

well as the availability of the tool and cost of the gases for consideration. 

Therefore, air could appropriately be used for plasma treatment of rice grain due 



Chiang Mai University Journal of Natural Sciences: https://cmuj.cmu.ac.th 

 

CMUJ. Nat. Sci. 2021. 20(1): e2021004 

11 

to it being readily available at no cost and no extra gas container requirement. 

Even though this research was conducted using a lab scale instrument, the data 

reported here can be further used for designing a larger scale system for 

industrial application.  
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