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chemical contamination of  the starch may occur which 

renders it unsuitable for use in the food and 

pharmaceutical industries.  Therefore, starch modification 

is presently performed using physical methods such as 

heat-moisture treatment ( Rosa Zavareze et al. , 2012) ; 

ozone treatment (Castanha et al., 2017)  and microwave 

treatment ( Kaasova et al. , 2002)  to avoid    the above 

contamination from chemical residues ( Tomasik & 

Zaranyika, 1995) .  However, all of these physical 

processes require high temperatures which induce 

deformation of starch granules (Ashogbon, 2018).  

Takai (2008) developed a new physical process and 

called it the solution plasma process (SPP). Previously, 

the solution plasma process has been used in many 

applications such as the preparation of low molecular 

weight chitosan (Tantiplapol et al., 2015), conversion of 

cellulose to reducing sugar (Prasertsung et al., 2017) and 

preparation of reducing sugar from cassava starch waste 

(Prasertsung et al., 2019). This SPP method has been 

found to produce the hydroxyl radical (OH·).                     

The hydroxyl radical induced oxidation reaction has 

introduced new functional groups in the starch granular 

structure, resulting in improved characteristics of starch 

granules. In addition, SPP does not require strong 

chemical and high temperatures. Therefore, the 

objective of this study was the novel modification of 

cassava starch using the SPP process. The influences of 

pulse frequency and plasma treatment time on the 

properties of starch were explored and reported. 

 

2. MATERIALS AND METHODS 

2.1 Materials 

High purity cassava starch was purchased 

commercially from a market. It was produced by the 

Thai Flour Industry Co., Ltd., Thailand. In order to 

preserve the properties of cassava starch, it was kept in a 

desiccator at 50% relative humidity and 30 ºC. All 

chemicals used in the work were of analytical grades.  
 

2.2 Solution plasma experiment 

The experimental setup of the solution plasma    

process was from Prasertsung et al.  (2019)  as shown in 

Figure 1.  The equipment consisted of a glass reactor 

with 1 mm-diameter tungsten electrodes (99.95% , CaHc 

Co. , Ltd. , Thailand)  installed on both sides of the 

reactor.  The distance between the electrodes was 

adjusted to 0.2 mm.  Before plasma treatment, the glass 

reactor was connected to a DC pulsed power supply. 

The cassava starch colloid at a concentration of 3% 

(w/v) was poured into the reactor. The colloid was then 

oxidized using the SPP at a voltage of 16 kV and a pulse 

width of 3 µs.  The plasma treatment time and applied 

pulsed frequency were varied from  0-300 minutes and 

20-30 kHz, respectively.  In order to prevent 

gelatinization of starch, the mixture temperature was 

controlled at 45 ºC using a coolant. 
 

 
Figure 1 Experimental SPP setup 

 

2.3 Characterization of oxidized cassava starch 

2.3.1 Determination of hydroxyl radicals content 

During the SPP, highly active species, especially 

hydroxyl radicals, were produced. In order to determine 

the hydroxyl radical production during plasma treatment, 

modified salicylic acid (SA) method was used 

(Prasertsung et al., 2017). In brief, 1 mL of SA (1×10-3 

mol/L) was mixed with 1 mL of treated and untreated 

plasma samples. These suspensions were centrifuged for 

8 min and the filtrates were further characterized for 

hydroxyl radicals using UV–vis Spectrophotometer 

(Shimadzu UV-9100, Japan) at 303 nm. The calibration 

curve was performed using SA as a standard reagent. 

Therefore, the concentration of hydroxyl radical could 

be calculated. 

2.3.2 Carbonyl and carboxyl contents 

Carbonyl and carboxyl contents can indicate               

the degree of depolymerization by oxidation within         

the SPP. Therefore, carbonyl content was determined 

according to Dias et al. (2011). The oxidized cassava 

starch was completely gelatinized at 95 ºC for 30 min 

and then cooled to 40 ºC. Next, the solution pH was 

adjusted to 3.2 using 0.1 mol/L HCl solution and 15 mL 

of hydroxylamine chloride was added (prepared by 

dissolving 25 g of reagent grade hydroxylamine chloride 

in water, adding 100 mL of 0.5 mol/L NaOH and 

sufficient distilled water to provide a final volume          

500 mL). Finally, the mixed solution was kept in an 

oven at 40 ºC for 4 h and then rapidly titrated with 0.1 

M of HCl until a pH of 3.2 was reached. The carbonyl 

content was calculated using Eq. (1). 

 

      CO =  ( ( Vb - Vs)  × M × 0. 028 × 100)  /  W                

(1) 

 

where Vb is the volume of HCl used for the blank (mL), 

Vs is the volume of HCl required for the sample (mL),      

M is the molarity of HCl and W is the sample weight 

(dry basis).  

The carboxyl content was determined according to 

Biduski et al. (2017). The suspension was prepared by 

dispersing 3 g of oxidized cassava starch in 25 mL of    

HCl 0.1 mol/L and stirring for 1 h. Then, the oxidized 

cassava starch suspension was vacuum filtered using          

a Buchner funnel and washed with 400 mL of distilled 



NUEJ  
Naresuan University  

Engineering Journal 

Naresuan University Engineering Journal, Vol.15, No.1, Jan - June  2020, pp.81-88  83 

 

 

water when the oxidized cassava starch was transferred 

to a beaker. Then, 300 mL of distilled water was added 

and heated to 95 ºC for 30 min under continuous 

agitation. The hot oxidized cassava starch solution was 

titrated with          0.01 mol/L of NaOH with constant 

stirring until a pH of 8.2 was reached. The native 

cassava starch was used as     a blank test. The carboxyl 

content was calculated using Eq. (2). 

 

    COOH =  ( ( Vs - Vb)  × M × 0.045 × 100)  /  W          

(2) 

 

where Vs is the volume of NaOH required for the sample 

(mL) , Vb is the volume of NaOH used to test the blank 

(mL) , M is the molarity of NaOH and W is the sample 

weight (dry basis). 

2.3.3 Amylose content  

The depolymerization of oxidized cassava starch 

granules was investigated to study the decrease in 

amylose content.  The determination of amylose content 

of oxidized cassava starch using colorimetric method 

was conducted according to McGrance et al. (1998). 20 

mg of oxidized cassava starch was mixed with 8 mL of 

dimethyl sulfoxide 90%  (DMSO)  and then heated to a 

temperature of 95 ºC for 15 min.  The mixed solution 

was then cooled to 40 ºC and the volume adjusted to 25 

mL.  The sample solution was mixed with 5 ml of I2/KI 

(2.5/6.5 mmol/L)  and adjusted to a final volume of 50 

mL.  The mixed solution was kept for 15 min and then 

amylose content was determined using a UV–vis 

Spectrophotometer (Shimadzu UV-9100, Japan)  at 600 

nm.  The calibration curve was performed using pure 

amylose from potato (SIGMA-ALDRICH Co., USA) as 

a standard reagent.  The amylose content was then 

calculated. 

 

2.3.4 Fourier Transform Infrared Spectrometer 

FT-IR (Digilab, FTS 7000 Series, USA) was used to 

characterize the chemical compositions of native and 

oxidized cassava starch powder.  The FT-IR spectra of 

the powder samples prepared with KBr were obtained 

over the range of 4000–400 cm− 1 at a resolution of 4 

cm−1. 

 

3. RESULTS AND DISCUSSION   

The carbonyl and carboxyl contents of oxidized cassava 

starch are shown in Figure 2.  The results showed that 

carbonyl and carboxyl groups in oxidized starch after 

plasma treatment increased with increasing plasma 

treatment time and pulse frequency.  This revealed that 

the oxidation reaction of cassava starch occurred during 

plasma treatment. The number of carbonyl and carboxyl 

groups in starch can be associated with depolymerization 

by oxidation, which increases the amount of carbon 

available for the reaction (Biduski et al., 2017). Hoover 

(2000) mentioned that higher levels of depolymerization 

in starch depended on different factors such as the 

oxidizing agent,  the reaction time as well as the 

botanical origin of   starch and most of the 

depolymerization occurs in   the amylose fraction of the 

starch.  During the oxidation reaction, the hydroxyl 

groups of glucose have oxidized   to the carbonyl groups 

and thereafter to carboxyl  groups ( Zamudio-Flores et 

al. , 2006) .  However, during the oxidation of cassava 

starch by SPP, hydroxyl radicals have been generated. 

These hydroxyl radicals have been considered as 

reactive oxygen species (ROS) and immediately reacted 

with the surrounding molecules (Halliwell, 1999)]. The 

generation of hydroxyl radicals was previously reported 

by Baroch et al.  ( 2008) .  The generation of hydroxyl 

radicals during the plasma treatment has been caused by 

the reaction of oxygen radical with water as follows 

(Prasertsung et al., 2019): 
 

e- + O2 → O· + O·              (3) 

O· + H2O → 2OH·                          (4) 
 

The production of hydroxyl radicals in SPP have 

been effective in depolymerization of the 1,4-glycosidic 

linkage and hydrogen bonds of the hydroxyl group 

within the starch structure. Carbonyl and carboxyl 

groups have been be formed (Prasertsung et al., 2019; 

Vanier et al., 2017). The mechanism of carbonyl and 

carboxyl groups formed during plasma treatment 1 to 4 

is shown in Figure 3. The production of the hydroxyl 

radical in the system increases with increasing plasma 

treatment time, as shown in Figure 4. This may have 

enhanced the formation of carbonyl and carboxyl groups, 

as shown in Figure 5. In addition, an increase in pulsed 

frequency improved oxidation levels of oxidized 

cassava starch. Malik et al. (2001) reported that 

increasing of frequencies increased the average energy 

input in the system, which may have accelerated an 

inelastic collision of high energy electrons and the 

surrounding molecules, resulting in  a high dissociation 

of the target molecules. This may have increased the 

amount of hydroxyl radicals in the plasma system, 

resulting in high amounts of carbonyl and carboxyl 

groups.  
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Figure 2 Formation of (a) carbonyl content and (b) carboxyl content of oxidized cassava starch. 

 
 
 

 

 

 
Figure 3 Mechanism of oxidized cassava starch by SPP. 

 

 
Figure 4 Hydroxyl radical concentration of plasma treated oxidized cassava starch colloid. 
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Figure 5 Formation of hydroxyl radical (a) carbonyl content and (b) carboxyl content. 

 

 
Figure 6 Amylose content of untreated and plasma treated cassava starch. 
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Figure 7 FT-IR spectra of untreated and plasma treated cassava starch. 

 

The amylose content of starch is shown in Figure 6.  

The amylose content of oxidized cassava starch decreased 

with increasing plasma treatment time and pulse 

frequency. The reduction of amylose content indicated 

depolymerization by the oxidation reaction in the starch. 

The starch granules consist of amylose and amylopectin 

which represented amorphous and crystal regions, 

respectively (Breuninger et al., 2009). Chávez-Murillo  

et al. (2008) mentioned that depolymerization of starch 

components (amylose and amylopectin) during the 

oxidation process mainly occurred in the amylose 

component. During depolymerization, the starch chain 

was degraded to become shortened and unable to form 

amylose-iodine complexes. Amylose-iodine complexes 

are formed only when the chain length is greater than 100 

glucose units (Kuakpetoon & Wang, 2001). Therefore, 

molecules were not detected as amylose molecules.  

To confirm the results described above, FT-IR was 

employed to analyze the chemical structural change of 

oxidized cassava starch prepared by SPP.  The FT-IR 

spectra of untreated and plasma treated samples are      

shown in Figure 7.  The peaks of untreated sample 

displayed at 3271 cm-1 and 2928 cm-1 corresponded to      

O–H and C–H stretching, respectively (Prachayawarakorn 

& Tamseekhram, 2019). The peak at 1634 cm-1 and 1149 

cm-1 were defined as the O-H bending of water and 

asymmetric stretching of the C–O–C glycosidic linkage, 

respectively (Mina et al. , 2011; Klein et al. , 2014) .  The 

other apparent peaks at 1076 cm-1, 994 cm-1 and 763 cm-1 

were identified as C–O–H vibration, C–O stretching and 

C–H2 rocking, respectively ( Bower & Maddams, 1992) . 

After plasma treatment, the new peak at 1737-1742 cm-1 

corresponded to carbonyl and carboxyl groups.  This 

confirmed that the SPP treatment could generate the 

oxidation reaction of cassava starch.   

 

4. CONCLUSIONS 

The carbonyl and carboxyl groups of oxidized cassava 

starch prepared by SPP compared to the untreated cassava 

starch sample were found to be increased. An increase of 

plasma treatment time and pulsed frequency in the plasma 

process increased the amount of hydroxyl radicals, which 

enhanced the depolymerization reaction of starch.             

The results also showed that the amylose content of 

oxidized cassava starch was reduced. The chemical 

compositions of oxidized cassava starch granules 

prepared by SPP displayed an important peak at 1737-

1742 cm-1, which could be identified as the formation of 

carbonyl and carboxyl groups. 
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