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Abstract: The area of green chemistry which involves the synthesis of biodegradable polymers with 

better stabilizing properties is fast-developing. Starch biopolymer was citrate modified and 

converted to crystalline nanorods through green methods and was fully characterized using the 

fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), transmission 

electron microscopy (TEM) and thermogravimetric analysis (TGA). The crystalline starch citrate 

showed better morphological and thermal stability properties than the ordinary and modified normal 

starch which has not been converted to nano form. The TGA result revealed a single step thermal 

degradation at 240 to 410 °C and percentage weight loss of about 89%. The SEM and TEM also 

confirmed the synthesis of rod-like or cylindrical nanoparticles with little or no aggregation. This 

property coupled with the thermal stability makes starch citrate nanoparticles a good stabilizer for 

nano and micro emulsions. 
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INTRODUCTION 

 

The most abundant forms of biodegradable polymer which include cellulose, starch, and chitin have 

become the major point of interest of researchers in the field of material chemistry (1). These 

biodegradable biopolymers which find diverse applications in medicine, pharmacy, chemistry and 

other major field of science are chosen because of their biocompatibility, biodegradability, and 

availability (2, 3). Polysaccharides are known to occupy a larger space in the world of biodegradable 

polymers and are well known for their versatility in sensing, drug delivery, tissue engineering 

applications (4) because of the recognition, stabilization and catalytic properties that they possess 

due to the presence of available hydroxyl groups that can interact with other organic and inorganic 

hydrophilic or hydrophobic groups in reaction media (5, 6). 

 

Starch occurs as a biodegradable, non-toxic, biocompatible semi-crystalline granule which is made 

up of about 70% branched amylopectin and about 30% linear amylase and it is one of the most 

available biopolymers in the universe with its application extent depending on the degree of 

modification and processing it has passed through (7). Processing operations like gelatinization, 

retro-gradation, gel formation and crystallization which modifies the internal bonding system and 

degree of substitution of starch tend to affect the quality and performance of starch for application 

in industrial sectors (8). Although, these hydrophilic properties inherent in starch biopolymers 

makes it difficult for the synthesis or growth of starch nanoparticles and there is therefore a need 

to either increase the hydrophobic content of starch by grafting it with hydrophobic addenda or by 

developing nano-precipitation techniques for synthesizing of hydrophilic starch nanoparticles in less 

toxic organic reagents (9).  

 

There are earlier reports on the synthesis of starch nanoparticles by a complex formation between 

starch and butanol but the significant loss in yield which plagues this method due to the hydrolytic 

process involved creates a major setback on the use of the technique (10, 11). Although a better 

method with almost 100 percent yield which involved a high pressure homogenization has been 

reported for corn starches but this method lacks reproducibility (12). The method which gave both 

high yield and reproducibility is the nano-precipitation technique which has already been successful 

for the synthesis of nano forms of poly (lactic acid) and poly (lactic-co-glycolic acid) and is also 

been recently used for the synthesis of starch nanoparticles (4). This nano-precipitation technique 

involves a simultaneous emulsification and diffusion technique is easy to scale up for industrial 

purposes and it gives avenue for starch nanoparticle size and shape control, stability and 

modification (13, 14). 
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Nanoemulsions are unstable colloidal dispersions in which at least one of the two immiscible liquids 

which form the dispersion has its diameter in the range of twenty to two hundred nanometers (15, 

16). These nanoemulsions with their oil phase homogenized into aqueous phase have a 

thermodynamic stability which depends on the nature and concentration of stabilizers and 

emulsifiers used. They are used to encapsulate poorly soluble drugs and food bioactives for safe 

delivery to the site of interests (17, 18). The citric acid treatment of ordinary starch or starch 

nanoparticles expands the application of starch biopolymers in the area of stabilization of nano or 

micro emulsions (19). Starch citrate which is generally regarded as a form of resistant starch, it 

does not swell and gelatinize in hot water conditions, hence it can be conveniently used as stabilizers 

and reinforcements in both cold and hot conditions (7, 20).  

 

The major improvement which citric acid modifications gives starch nanoparticles is that it improves 

their thermal stability and interfacial tension properties (1) for enhanced performance as good 

stabilizers or emulsifiers in any nano and micro emulsions produced either in cold or hot reaction 

conditions (21, 22). The citrate derivatives of starch can be used as structure-directing agents in 

synthesis of transition metal nanoparticles, directly compressible recipients in tablet formulations 

and heavy metal adsorbents in polluted or contaminated effluents (7). Hence, the purpose of this 

research is to synthesize starch nanoparticles with stable shapes and to modify with citric acid so 

as to improve their thermal, stabilization and emulsification properties in nano and micro emulsions. 

 

MATERIALS AND METHOD 

 

Water-soluble maize starch and citric acid were obtained from Sigma Aldrich, USA. All reagents 

used were of analytical grade and further purifications were not carried out. 

 

Synthesis of starch nanoparticles 

The method of Chin et al. was adopted and slightly modified. Starch nanoparticles were dissolved 

in NaOH/urea (NU) (0.8:1 wt %) solution mixture and introduced into excess absolute ethanol under 

controlled conditions. In general, 1 wt % native starch solution was prepared by dissolving native 

starch powder in the NaOH/urea solvent and adding 1 mL aliquot starch solution drop-wisely into 

10 mL absolute ethanol which was continuously stirred. The resulting mixture was then centrifuged 

and the supernatant was removed to obtain the regenerated starch nanoparticles, which were rinsed 

with absolute ethanol to remove NaOH and urea [15]. 

 

Citric acid treatment of starch nanoparticles 

Citric acid (5 g) and sodium hypophosphite (1 g) were dissolved in 6 mL of water and the starch 

nanoparticle was added to the citric acid solution and mixed vigorously with a glass rod. The mixture 
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was placed in an oven to dehydrate at 100 °C for 30 minutes to eradicate the surface moisture and 

form a stable citric acid coat on the starch nanoparticles. The oven temperature was increased to 

120 °C and the material was allowed to react further for 4 hours. The nano-starch citrate was 

slurried in water for 30 minutes and adjusted to pH 2 using acetic acid, then later filtered, washed 

with water and air-dried (7). 

 

RESULTS AND DISCUSSION 

 

This method uses the solubility difference and precipitation equilibria of starch-urea and starch-

ethanol complex to synthesize starch nanoparticles. The starch dissolves to produce a temporary 

starch-urea complex in the alkaline urea solution and is immediately precipitated in absolute ethanol 

as nanoparticles. 

 

FTIR Analyses 
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Figure 1: FTIR of starch, nano starch and starch citrate nanoparticles (from top to down) 

 

The transmittance peaks at 3470 cm-1, 2920 cm-1, and 2850 cm-1 represents the O-H, symmetric 

and asymmetric C-H groups respectively while the carbonyl functional group in the starch is shown 

at 1639 cm-1. The presence of the anhydroglucose glycosidic bond (C-O-C) is revealed at 914 cm-1 

while the peak at 1091 cm-1 confirms the C-O functional group. Several bending vibrations of the 

C-H group are seen at 1041, 875 and 711 cm-1. The presence of transmittance peaks of typical 

functional groups at reduced wavenumbers and the disappearance of some bands at the fingerprint 

region confirms the formation of starch nanoparticles (23). The reductions include 3470 to 3437 

cm-1 for hydroxyl functional group, 2920 to 2850 for C-H stretching vibrations, 2515 to 2359 cm-1 

for internal hydroxyl group vibrations, 1795 to 1737 for carbonyl group in starch to the synthesized 

nanostarch (15). Although some bending vibrations like 1384 to 1465 for C-H and 1217 to 1271 
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cm-1 for OH revealed a minimal increase in wavenumbers. The nanostarch citrate spectrum contain 

additional transmittance peaks at 1670 cm-1 for the C=O of polysaccharide esters, 3307 cm-1 for 

OH of citric acid and several bands for C-H wagging and scissoring which are as result of the citric 

acid treatment [20]. 

 

SEM and TEM Analyses 

 

Figure 2: SEM of (a) starch, (b) nano starch and (c) starch citrate nanoparticles. 

 

The scanning electron microscope (SEM) images of the starch shows a non-smooth surface in which 

a part appears concrete and the other parts appear broken. The surface of the starch appears tightly 

closed and no pores or gaps could be seen. After the size reduction to the nano level, the SEM shows 

an aggregate of starch nanoparticles, which looks disorderly arranged. The major difference this 

picture has with that of the normal starch is the presence of spaces in between these aggregated 

nanoparticles (13). The nanostarch citrate appears more rod like or cylindrical and shows little or 

no aggregation, this property coupled with its thermal stability makes it a good stabilizer in nano or 

micro emulsions of food, detergents and even paint products (21).  
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Figure 3: TEM of (a) nano starch and (b) starch citrate nanoparticles. 

The transmission electron images (TEM) further confirm the synthesis of starch nanoparticles and 

its aggregated form while the image for the citric acid treated form appear less conglomerated and 

rod-like. The reason for this less aggregation might be as a result of the overall negative charge 

that develops from the surface citrate charges which also tend to stabilize and reduce agglomeration 

of these nanoparticles by electron-electron repulsion charge effect (21). 

 

Figure 4: TGA of nano starch and starch citrate nanoparticles. 

 

In Figure 4 above, the effect of citric acid treatment on thermal stability of nanostarch was 

investigated by thermogravimetric analysis. From the TGA curve, a single-step thermal degradation 

was observed from 180 to 400 °C for the nano starch with about 93% weight loss. However, the 

nanostarch citrate showed better thermal stability with its single step thermal degradation observed 

at 240 to 410 °C and percentage weight loss of about 89% (24). The Tmax which is the temperature 

when maximum weight loss occurs in the thermal degradation of these starch biopolymers can also 
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be read from the TGA curves - 280°C for the nanostarch and 310°C for the nanostarch citrate (19). 

The improvement in the thermal stability can be assigned to the O-H substitution by citrate groups 

after the citric acid treatment. 

 

CONCLUSION 

 

The derivatization of starch and its applications was well explained in this paper. Although pectins 

are already been used as stabilizers, starch nanorods are new biopolymers which finds applications 

in emulsion stabilization. They are thermodynamically stable and have good morphological structure 

which fits this purpose. 
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