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Carboxymethylated Sago Starch Nanoparticles: Influence of Reaction Parameters on Degree of Substitution 

SIT JOHNSON 

Resource Chemistry 

Department of Chemistry 
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University Malaysia Sarawak 

 

 

ABSTRACT 

Carboxymethyl sago starch (CMSS) was synthesized in aqueous medium under various reaction 

conditions. The influence of sodium hydroxide (NaOH), mole ratio of sodium monochloroacetate 

(NaMCA) to starch, reaction temperature and reaction duration were evaluated for degree of 

substitution by direct titration. The ideal optimum conditions based on the investigation is 20 % 

NaOH; mole ratio of NaMCA/Starch is 1.4; 60 °C for dissolution and etherification temperature 

respectively; 3 hrs for dissolution and etherification duration, respectively. Carboxymethyl sago 

starch nanoparticles with degree of substitution (DS) of 1.33 was synthesized via simple 

nanoprecipitation and characterized by Fourier transform infrared (FTIR) and scanning electron 

microscope (SEM). 

Keywords: Sago starch, carboxymethyl starch, reaction conditions, degree of substitution 

 

ABSTRAK 

Carboxymethyl kanji sagu (CMSS) telah disintesis dalam akues pelarut organik di bawah pelbagai 

keadaan tindak balas. Kesan natrium hidroksida (NaOH), nisbah mol natrium monokloroasetat 

(NaMCA) degan kanji, suhu tindak balas dan tempoh tindak balas telah dinilai oleh tahap 

penggantian dengan titratan langsung. Keadaan optimum berdasarkan penyiasatan yang adalah 

20 % NaOH; nisbah mol NaMCA / Kanji 1.4; 60 °C untuk pembubaran dan suhu etherification 

masing-masing; 3 jam untuk pembubaran dan tempoh pembubaran etherification masing-masing. 

Carboxymethyl nanopartikel kanji sagu dengan tahap penggantian (DS) daripada 1.33 telah 

disintesis melalui kaedah nanoprecipitation mudah dan dicirikan dengan Fourier transform 

infrared (FTIR) dan imbasan mikroskop elektron (SEM). 

Kata kunci: Kanji sagu, carboxymethyl kanji, keadaan tindak balas, tahap pengganti 
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CHAPTER 1: INTRODUCTION 

The natural abundant polysaccharide, namely starch has been a great concerned by the 

research society due to its non-toxic component, regenerative capacity and biodegradability. 

However, the application of starch is limited by the downside of characteristics such as insoluble 

in cold water, uncontrolled viscosity after heating and the sensitivity of cooked starches to shear.  

The limitations of starch’s properties can be overcome by modifying the starch with 

carboxymethyl. Each Anhydro Glucose Unit (AGU) of starch has one primary and two secondary 

hydroxyl groups. These characteristic has enable the modification by the etherification with 

chloroacetic acid in an alkaline condition to produce carboxymethyl starch (CMS) (Rachtanapun 

et al., 2012.). As a result, it has enhanced the chemical and physical properties of the 

carboxymethylated starch derivative such as cold-water soluble and retrogradation. Application of 

this derivative is then widely expand into the textile, papermaking and pharmaceutical industries. 

According to Zhou et al. (2007), the properties of CMS such as water absorption, 

adhesiveness, film forming and solubility are improved with higher degree of substitution (DS) 

value. Furthermore, the DS value and the reaction efficiency (RE) are highly affected of the 

parameters in reaction conditions of carboxymethylation process of starch stated by Yaabob et al. 

(2011). The parameters include the type of starch, mole ratio, reaction temperature, and 

concentration of alkalization solution. Besides, the method of synthesis also an important factor in 

the physical and chemical properties of the product. Aqueous method, dry method, and organic 

solvent method are the general methods to synthesize CMS. 
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Nanoparticles research is currently an area of intense scientific research, due to wide 

variety of potential applications in biomedical, optical and electronic fields. Knowledge and 

control of size and the size range of particles is of profound important in these fields. With that 

reason, many had focus on synthesis of modified starch with the enhanced properties by 

transforming it into nanoparticles. 

The aim of this research project is to synthesize carboxymethyl sago starch nanoparticles 

in aqueous medium. The effects of synthesis parameters such as morphology of particle size on 

the physical properties and chemical properties including FTIR analysis and degree of substitution 

was investigated. 

St OH + Na OH St O Na


NaMCA


St

O Na

O

O
 
Scheme 1: General synthesis process of carboxymethylation of starch. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Starch 

Starch (C6H10O5)n is one of the most abundant carbohydrates in the biosphere which 

presence in various types of plant tissues and organs (e.g.: fruits, grains, leaves, roots, and shoots.) 

in almost all green plants in the form of granules. Main starch crops include corn, potato, wheat, 

cassava, etc. Starch accumulates due to carbon fixation during photosynthesis and the starch 

formed in the light is degraded in the dark to products that are in most cases utilized for sucrose 

synthesis.  

2.2 Chemical Composition of Starch 

Starch granule is mainly composed of linear chain of amorphous amylose and semi-

crystalline highly branched polysaccharide of amylopectin (Blennow, 2000). Amylose is soluble 

in water, but readily undergoes aggregation and precipitation. On the other hand, amylopectin is 

not soluble in water, but readily swells and forms gel when heated with water (Blackley, 1997). 

Furthermore, amylose and amylopectin contribute to the starch functionality such as retrogradation, 

viscoelastic and theological properties (White & Tziotis, 2000). Due to the extraordinary large size 

and high heterogeneity, accurate analysis of the molecular structure is difficult (Han & Lim, 2003). 

Chemical modification of starch able to enhance the properties of starch such as decrease 

gelatinization temperature, increase translucency, viscosity, freeze-thaw stability, solubility, 

swelling power, hardness, cohesiveness and adhesiveness of the starch gel by placing substituent 

groups along its polymeric backbone (White & Tziotis, 2000).  
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Next, the number of anhydroglucose units (AGU) is dependent on the plant species as well 

as the stage development. Each AGU consists of three hydroxyl group at C-2, C-3 and C-6 

respectively which make it actively susceptible to undergo several of reactions such as oxidation, 

derivatization, and cross-linking. According to Heinze (2005), the substitution is in the order of 

O-2 > O-6 >> O-3. In other words, the three hydroxyl groups enable it to undergo chemical 

modification easily to enhance the chemical and physical properties of the native starch.  

2.3 Carboxymethyl Starch (CMS) 

The first carboxymethyl starch (CMS) was synthesized in 1924 by reaction of starch in an 

alcoholic solution with sodium monochloroacetate (NaMCA) as a modified starch (Chowdhury as 

cited in Spychaj et al., 2013a, p. 22). Many researchers applied the two-step reaction to synthesisze 

CMS (Nattapulwat et al., 2009; Rachtanapun et al., 2012). It is prepared by a reaction of starch 

(St-OH) and sodium monochloroacetate (SMCA) (ClCH2COO-Na+) in the presence of sodium 

hydroxide (NaOH) as shown as 

St – OH + NaOH ↔ St – O-Na+ + H2O     (1) 

St – O-Na+ + ClCH2COO-Na+ → St – O – CH2COO-Na+ + NaCl  (2) 

An undesired side reaction of SMCA with NaOH can also occur as 

NaOH + ClCH2COO-Na+ → H – O – CH2COO-Na+ + NaCl    (3) 

Degree of substitution (DS) and reaction efficiency (RE) are the main concerned as they 

are highly influence to the physical and chemical properties of the CMS. The major properties of 

CMS include a low gelatinized temperature, swelling ability and cold water solubility (Fadzlina as 
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cited in Rachtanapun et al., 2012). DS is defined as the average substituents per AGU. Each AGU 

contains 3 hydroxyl groups, the DS lies between 0 and 3 (Zainal et al., 2005). In order to achieve 

a good value of DS and RE, the parameters such as reaction concentration, reaction temperature, 

and reaction time druing the synthesis are necessary important to be considered and optimise it 

with suitable techniques.  

2.4 Synthesis of Carboxymethyl Starch 

There are numerous methods to synthesize CMS, namely aqueous method, dry method, 

extrusion technique and organic solvent slurry ways (Spychaj et al., 2013a). According to Dong-

fang et al. (2005), they stated that organic solvent method with DS about 1.0 is superior compared 

to aqueous method and dry method with about 0.07 and 0.5 respectively. Furthermore, they also 

concluded carboxymethylation of starch with isopropyl alcohol as the medium acquired the highest 

RE and DS compared to cyclohexane.  

In addition, the findings of Spychaj et al. (2013b) also agreed Dong-fang et al. (2005) with 

that isopropanol/water solution produce high DS (0.80-0.95) of CMS. Besides, Yaacob et al. (2011) 

found that the optimization of reaction conditions for carboxymethylated sago starch. He stated 

the optimized reaction conditions of 20 % concentration of NaOH, reaction time of 1 hour, reaction 

temperature of 55 °C and NaMCA: AGU molar ratio of 1.5: 1.0 produced a DS value of 1.05 and 

RE of 85.9 % carboxymethylated sago starch.  

Apart from this, Rachtanapun et al. (2012) studied the effect of sodium hydroxide 

concentration on properties of carboxymethyl rice starch. They found that the DS value increased 

with increasing NaOH concentration (10-40 % w/v) but decreased when reached 50 % of NaOH 
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concentration. Moreover, the viscosity of CMS decreased with increasing NaOH concentration as 

well as the damages on CMS granules. 

According to Lawal et al (2007), there are various type of solvent media such as water, 

water-miscible organic solvents or water-miscible organic solvents with a small quantity of water 

in carboxymethylation reactions. Water is not a good solvent in dissolution of starch as it provide 

limited solubility and causes gelation and agglomeration of starch which prevent the uniform 

dispersion during the etherification process. Therefore, organic solvent is added to enhance the 

properties of dispersion in order to obtain higher DS. Tijsen et al. (2001) reported that the isopropyl 

alcohol with 10 wt% water obtained the highest DS and RE among to methyl alcohol, butyl alcohol 

and acetone.  

Batthacharyya et al. (1995) stated that the efficiency of carboxymethylation process is 

greatly dependent to the slurry media as well as the etherifying agents. The dissolution medium is 

necessary to swell the starch granular structure in order to allow the etherifying agent to penetrate 

or diffuse into it. Thus, resulting higher DS value in the product.  

2.5 Characterization of Carboxymethyl Starch 

There are several methods to characterize CMS. One of the important methods is the 

determination of DS value, namely direct titration, back titration, and Cu salt precipitation. On top 

of that, Stojanovićhave et al. (2005) identified that the back titration method for the determination 

of the DS of CMS was the most accurate among the other. Another way to identify the degree of 

substitution value has been reported by Heinze et al. (1994; 1999) by using high-performance 

liquid chromatography, HPLC on carboxymethyl cellulose and carboxymethyl inulin respectively. 



 

8 

 

Besides, Lawal et al. (2007) also utilized flame atomic absorption spectrometry in determine the 

DS value. 

Next, Fourier transform-infrared (FTIR) spectroscopy is used to confirm the effectiveness 

of the synthesis (Zhou et al., 2007). Nonetheless, Lawal et al. (2007) characterized the modified 

structure by 13C-NMR spectroscopy which able to portray the sample’s molecular structure based 

on the calculation with specify formula. 

In the determination of morphology and granule structure, scanning electron microscopy 

(SEM) is widely applied by many researches (Rachtanapun et al., 2012; Spychaj et al., 2013b; 

Yaacob et al., 2011; Singh et al., 2011), and minority use laser scanning microscope (Spychaj et 

al., 2013a), both measured in the scale of 10µm. In addition, the viscosity of CMS aqueous 

solutions is also characterized by either Brookfield RV rheoviscometer (Spychaj et al., 2013b), 

Brookfield Viscometer (Singh et al., 2011), Rapid Visco Analyzer (Rachtanapun et al., 2012) and 

etc. High DS of CMS produced higher viscosity due to the high density of negatively charged 

carboxymethyl groups resulting in greater electrostatic repulsion (Li et al., 2011). 

2.6 Application of Carboxymethyl Starch 

CMS is widely used in food and non-food industry, respectively. Nontoxic as one of the 

properties of CMS makes it suitable to be applied and also enhance the quality of food. CMS is a 

stabilizing agent which categorized as emulsification stabilizing agent, colloid stabilizing agent 

and suspension stabilizing agent. The stabilizing agents are generally providing the effect of 

keeping equality and stabilization of product and prevent albumen from agglomerating on various 

objects such as ice cream, vegetable, and soft-drink.  In addition, CMS is also applied as 
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preservative by spraying on the food with the forming of paper-thin film which able to prevents 

the decomposition of food.  

Next, CMS is also applied in non-food industry (textile industry, paper making, laundry 

industry, pharmaceutical, and adhesive) due to the low cost and excellent properties. According to 

Dong-fang et al. (2005), CMS is widely applied in textile industry (20 %), follow by paper making 

(13 %) and laundry assistant (11 %). The good fluidity and penetrability of CMS is preferable over 

carboxymethyl cellulose (CMC) as reactive dye printing on textile with cost reduction. 

Furthermore, CMS is able to strengthen intensity of paper in papermaking and the chelation 

property of CMS is capable of closing down heavy metal ion and dispersing dirt. Other than that, 

CMS is also applied in pharmaceutical specifically as tablet disintegrate (Singh et al., 2011; 

Nattapulwat et al., 2009), effective flocculants of waste water treatment (Spychaj et al., 2013b) 

and etc.  

2.7 Synthesis of Starch Nanoparticles 

According to Namazi et al. (2012), there are several methods to synthesize starch 

nanoparticles, namely emulsification solvent evaporation method, solvent diffusion method, self-

assembly of hydrophobically modified, dialysis method and etc. Method selection is based on the 

main factors of particle size, particle size distribution and area of application.  

Emulsification solvent evaporation method is widely applied in two conventional strategies 

as single emulsion and double emulsion to prepare starch nanoparticle. Organic solvents such as 

dichloromethane, chloroform and ethyl acetate are used to dissolve the hydrophobic surfactant. On 

top of that, emulsification can be enhanced by using sonication or microfluidization with a 

homogenizer, which reduces the droplet size of the organic dispersed phase. Chin et al. (2014) has 
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reported that smaller mean starch nanoparticles size of 83 nm were obtained by precipitation in 

microemulsion approach compared to the direct nanoprecipitation that acquired 109nm mean 

starch nanoparticles size. 

Solvent diffusion method is an enhanced version of emulsification solvent evaporation 

whereby the differences between these two methods are solvent diffusion method act as a 

spontaneous diffusion and the size of nanoparticles are poorly affected by the concentration of 

polymeric surfactant added to the aqueous phase whereas it can be reduce with increasing 

concentration of water miscible solvent. 

Dialysis method is a simple and effective method in preparing the small, narrow-distributed 

polymer nanoparticles without the use of surfactant or emulsifiers. Starch is dissolved in an organic 

solvent and placed inside a dialysis tube with proper molecular weight cut-off. Dialysis is 

performed against a non-solvent miscible with the former miscible. The displacement of the 

solvent inside the membrane is followed by the progressive aggregation of polymer due to a loss 

of solubility and the formation of homogeneous suspensions of nanoparticles. Furthermore, 

dialysis is applied in synthesis a modified starch nanoparticles. Appropriate amount of modified 

starch is dissolved in dimethylsulfoxide (DMSO), the sample was dialysed against water using a 

dialysis membrane of MW 12,000 g mol-1 cut off (Namazi et al., 2012).  

Shi et al. (2011) reported a new and easy synthetic pathway the combination of high-

pressure homogenization with water-in-oil (w/o) miniemulsion cross-linking techniques in 

preparing sodium trimetaphosphate (STMP)-cross-linked starch nanoparticles.  In the research, it 

is found that several factors namely the water/oil ratio, concentration of cross-linking reactants in 

aqueous phase and homogenization pressure and number of homogenization cycles (passes) could 
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alter the size of starch nanoparticles. With this technique, a spherical shape and homogenous size 

distribution of nanoparticles was observed by using Zetasizer.
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Dissolution of Sago Starch 

The preparation of 1% (w/v) sago starch solution were carried out by dissolution of 

native sago starch power in various concentration (10 %, 20 %, 30 %) of NaOH solution (Chin 

et al., 2014). The mixture was heated to desired temperature (40 °C, 60 °C, 80 °C) with a reflux-

condenser for desired duration (1 hr, 2 hrs, 3 hrs) with magnetic stirring at 900 rpm until all 

starch powder is completely dissolved and homogeneous starch solution is obtained. This sago 

starch solution was then cool to room temperature.  

3.2 Etherification of Sago Starch 

Various mole ratio of starch to sodium monochloroacetate (NaMCA) (1.4, 2.8, 4.2) was 

added to the starch solution follow by magnetic stirring at 900 rpm on a magnetic hot-platE at 

desired temperature (40 °C, 60 °C, 80 °C) for the desired time (1 hr, 2 hrs, 3 hrs) in a 50 mL 

round-bottom reactor flask with reflux-condenser.  

3.3 Preparation of Etherified Sago Starch Nanoparticles 

CMSS nanoparticles were synthesized based on the simple nanoprecipitation method 

stated by Chin et al. (2011). 1 mL of CMSS solution were added drop wise into 20 mL of 

absolute ethanol solution and magnetic stirring for 1hr. The resulting mixture was washed with 

absolute ethanol and centrifuged follow by removing the supernatant to obtain regenerate 

CMSS nanoparticles. 
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Dissolution Process 

NaOH: 

10 %, 20 %, 30 % 

Temperature: 

40 °C, 60 °C, 80 °C 

Duration: 

1 hr, 2 hrs, 3 hrs 

 

Etherification Process 

NaMCA/St: 

1.4, 2.8, 4.2 

Temperature: 

40 °C, 60 °C, 80 °C 

Duration: 

1 hr, 2 hrs, 3 hrs 

 

Nanoprecipitation 

Ratio 

Sample: Absolute Ethanol 

(1:20) 

 

1% Sago Starch Solution 

Scheme 2: Synthesis of carboxymethyl sago starch with various reaction 

parameters 
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3.4 Characterization of Carboxymethyl Sago Starch Nanoparticles 

3.4.1 Scanning Electron Microscopy (SEM) Analysis 

The morphology of the samples was studied using a scanning electron microscope 

(SEM) (JEOL model JSM-6390LA). Dried and finely ground samples were placed on double-

sided adhesive tape mounted on a specimen holder and coated with a thin layer of gold using 

sputter coater. The diameter particle sizes of around 50 modified starch nanoparticles were 

measure randomly using SmileView software.  

3.4.2 Fourier Transform Infrared (FTIR) Analysis 

Infrared (IR) spectra of native sago starch, CMSS nanoparticles were obtained using a 

Fourier transform infrared (FTIR) spectrophotometer (The Thermo Scientific™ Nicolet™ 

iS™10 FT-IR Spectrometer). Ratio of 1: 100 of sample was blended with solid KBr and a pellet 

was prepared. The spectra of the sample was then scanned from 4000-400 cm-1 in FTIR 

spectrophotometer.  

 

3.4.3 Degree of Substitution Identification 

Slight modification of direct titration method by Stojanović et al. (2005) and Gao et al. 

(2011) was applied to determine the degree of substitution values. The obtained Na-CMSS was 

dissolved in 50 mL of ultrapure water and transferred to a 100 cm3 volumetric flask, which was 

then filled up to the mark with ultrapure water. The mixture was undergo sonication (Branson 

2510MT) until the entire precursor was dissolved completely. 20 mL of the solution was 

transferred to an Erlenmeyer flask and titrated with standard 0.05 M HCl by using pH meter 

(Martini Mi 150) as the indicator. The titration was repeated three times and the average value 

of the HCl volume was used for the calculations. The amount of sodium carboxylic terminal 
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(COONa) was determined using equation (1) and DS will be calculated according to equation 

(2): 

nCOONa = V ∙ CHCl ∙ 5,     (1) 

𝐷𝑆 =
162 ×𝑛COONa

Mds−81𝑛COONa
     (2) 

Where nCOONa is the amount of COONa (in mole) present in the sample; V (in mL) 

is volume of HCl used for titration of Na-CMSS; CHCl (in mol/dm3) is the HCl concentration 

and 5 is the ratio of the total solution volume (100 mL); 162 g/mol is the molecular weight of 

anhydroglucose unit (AGU); Mds is the mass of dry sample (in g) and 81 g/mol us the net 

increase in the molecular weight of the sodium acetate group substituted.  

  


