
Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126                   https://doi.org/10.56053/10.S.1109 

 

Received 12/1/2026, Received in revised form 11/4/2026, Accepted 23/4/2026, Published 15/5/2026

https://doi.org/10.56053/10.S.1109
mailto:merciy_alobydi@yahoo.com


Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 

 

Starch is the predominant component of millet grains, accounting for approximately 62.8ï70.5% of the 

total grain mass, depending on genotype [1]. As the second most abundant polysaccharide in nature 

after cellulose, starch is an economical and essential energy source due to its amylose and amylopectin 

fractions [2]. Chemically, starch is composed of Ŭ-D-glucose units linked by Ŭ-1,4 and Ŭ-1,6 

glycosidic bonds, forming linear amylose and highly branched amylopectin polymers. Amylose 

typically consists of 500ï600 glucose units with minimal branching, whereas amylopectin has a much 

higher degree of polymerization (10,000ï100,000 units) and extensive Ŭ-1,6 branching [3, 4]. The 

functional properties of starchðsuch as gelatinization, thickening, adhesion, and water solubilityðare 

strongly influenced by the amylose-to-amylopectin ratio and their molecular organization within starch 

granules. Millet starch contains 17.03ï23.30% amylose, classifying it as intermediate- to high-amylose 

starch [5]. In addition to carbohydrates, millet starch contains minor components, including ash 

(å1.06%), protein (å0.58%), and lipids (<1%), which significantly influence starch functionality and 

purity [6, 7]. Lipids can form amyloseïlipid inclusion complexes that limit starch swelling and 

gelatinization but enhance stability in baked products, extending shelf life and reducing staling [8]. 

Starch extraction efficiency is influenced by millet hydration and the choice of extraction medium. 

Soaking softens grain structure, enhances water absorption, and facilitates starch release by disrupting 

starchïprotein matrices [9]. Wet milling using water, acidic, or alkaline solutions is commonly 

employed, with alkaline leaching proving most effective for protein removal and amylose enrichment 

[10, 11]. Acid treatments often retain higher protein residues, whereas alkaline methods yield purer 

starch with modified granule surfaces, as confirmed by SEM studies [12]. High-amylose millet 

starches are therefore particularly attractive for developing functional foods, baked goods, and low-

glycemic formulations [13]. Recent developments in nanotechnology have significantly enhanced the 

understanding and manipulation of starch structure at the nanoscale. Nanoscale modification 

techniques allow the transformation of native starch granules into functional nanostructured materials 

with improved physicochemical properties. These advances provide new opportunities for tailoring 

starch functionality for specialized applications in food systems, drug delivery, and biodegradable 

materials. 

 

 

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 

 

 

 

 

 

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 

 

 

 

 

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 



Exp. Theo. NANOTECHNOLOGY 10 (2026) 1109-1126      

 




