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ABSTRACT 

Corn silk (CS) is a protein/ cellulosic agricultural waste. Due to its documented beneficial medical applications; corn silk aqueous extract 

was greenly prepared. FTIR spectroscopic analyses are conducted for three fractions of CS, then a model is prepared to simulate CS 

molecular structure. Based on FTIR analyses, a model is described as composite of dehydrated alanine unit lignin unit and two cellulose 

units with metal oxides namely MgO and CuO. Some important descriptors were calculated with Quantitative structure–activity 

relationship QSAR calculations. Then quantum mechanical calculations were conducted. Molecular modeling data indicated the CS 

applicability for several biomedical applications due to its active sites proved by electrostatic potential. The results confirmed the 

suitability of CS as promising tool for many biological applications. 
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1. INTRODUCTION 

 Corn silk (Zea mays L.) is the residual of corn that is 

available in abundance worldwide [1]. Corn silk is a prestigious 

traditional Chinese medicine that has been widely used. It has a 

long history of application for therapeutic remedy and it was 

proved to be non-toxic [2].  It is rich in phenolic compounds 

known to significantly affect human health, such as anthocyanins, 

p-coumaric acid, vanillic acid, protocatechuic acid, derivatives of 

hesperidin and quercetin, and bound hydroxy cinnamic acid forms 

composed of p-coumaric and ferulic acid [3]. Moreover, it consists 

of various bioactive constituents which have a significant 

influence on human health. Corn silk has been reported to contain 

various chemicals, including proteins, vitamins, alkaloids, tannins 

and mineral salts, steroids, flavonoids and polysaccharides [4-8].  

Corn silk bioactivities are widely reported in the literature, 

including antioxidant activities [9], anti-proliferative effects on 

human tumor necrosis factor (TNF) and lipopolysaccharide-

induced cell adhesion [10], anti-diabetic activity on hyperglycemia 

rats [11], diuretic activity [12], anticoagulant activity [13] 

antifungal [14], anti-fatigue [15] and weight loss activities [16]. 

Antibiotic activity of flavone [17], immune enhancement by no 

starch polysaccharides, and anti-proliferative effects on human 

cancer cell lines are also reported [18]. CS fascinating biological 

activities are attributed to its polysaccharides contents and are the 

bases underlying publishing several articles dealing with the 

biological activities of the corn silk powder and extracts.  

Molecular modeling is emerging as a powerful approach to study 

many systems and structures whereas experimental tools are 

limited, unavailable or even ethically not allowed. This paves the 

way toward the manipulation of biological systems by 

computational methods. Recently, Molecular modeling with 

different levels of theories is applied for describing bio-materials 

and other several classes of biological systems [19-24]. In this 

context, molecular modeling along with molecular spectroscopic 

methods are utilized together to understand several systems 

including CS [25-28]. However, researches combining molecular 

and physicochemical characterization of silk corn are seldom. 

Therefore, the present work aimed at studying the molecular 

structure with FTIR then to simulate the structure with QSAR and 

DFT molecular modeling 

2. MATERIALS AND METHODS 

2.1. Sampling. 

Egyptian corn silk was collected, washed and left to dry at 37°C in 

an electric oven (Memert). The dried fibers were ground into 

powder using agitate mortar (Janke & Kunkel GmbH Co., 

Germany). 

2.2. Characterization. 

2.2.1. Fourier Infra-Red Spectroscopy (ATR-FTIR). FTIR 

spectra of the dried corn silk were collected at room temperature 

using the ATR unit attached with FTIR-Vertex 70 Bruker, 

Germany, in the range of 4000-400 cm‒1. The spectra were 

collected at three different points of the grinned corn silk sample 

as follows: solid (fibers), CS powder (intermediate size CS 

powder) and corn silk (very fine CS powder).    

2.2.2. Calculations Details. The studied model molecule is 

subjected to energy minimization using Gaussian 09 sofcode [29]. 

The modeling program is implemented in personal computer. For 

total dipole moment, electrostatic potential the model is calculated 

with density functional theory at B3LYP together with LANL2DZ 

basis set [30-32].  

Quantitative structure activity relationship (QSAR) was calculated 

for the same structure using SCIGRESS 3.0 software [33]. 
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3. RESULTS  

3.1. FTIR Spectroscopy. 

Corn silk powder was subjected to FTIR spectroscopic study to 

elucidate its molecular structure. Corn silk powder was divided 

into three main parts namely the powder, the solid and fibers 

powder. The three spectra were collected in figure 1. The FTIR 

spectra of dried corn silk and corn silk fine powder are identical. 

The absorption band at 3282 cm-1 is due to the stretching vibration 

of −OH groups. While, the absorption band at 2923 cm-1 is 

corresponding to the inter- and intra-molecular interaction of the 

polysaccharide chains. The band at 1728 cm-1 is attributed to the 

elastic vibration of C=O groups (Amide I). On the other hand, the 

band at 1636 cm-1 can be attributed to the stretching of carboxylate 

group (COO)- and could also suggest the presence of N-H group 

proving corn silk protein. The bands at 1415 and 1375 cm-1 are 

attributed to C–H bending vibrations. Moreover, 1248 cm-1 band is 

ascribed to C-O stretching vibration. The intense 1031 cm-1 band 

is related to the sugar pyranose form.  The FTIR spectrum of the 

unidentified solid component is quite different. The band at 3288 

cm-1 is attributed to the stretching vibration of −OH groups. The 

bands at 2921 and 2856 cm-1 are corresponding to C-H 

asymmetric and symmetric stretching vibrations respectively. The 

Amide I elastic vibration band arises at 1715 cm-1. The 1637 cm-1 

and 1530 cm-1 bands are corresponding to stretching of 

carboxylate group (COO)- in asymmetric and stretching modes 

coupled with N-H bending vibration. The  C–H bending vibrations 

are recorded at 1428-1381 cm-1. A weak band at 1255 cm-1 can be 

related to C-O stretching vibration. The bands at 1151-1081 cm−1 

are ascribed to ester and carboxylic acid. The pyranose form of 

sugar band is recorded at 1018 cm-1. Finally, the bands at 871-840 

cm-1 are related to anomeric vibration of β-glucosides [34-35]. 

 
Figure 1. ATR-FTIR spectra for the studied corn silk: solid, powder and 

fibers grains. 

 

3.2. Molecular Modeling Study. 

Based on the molecular structure of the corn silk, a model could be 

simulated with DFT. The spectra suggested that CS is a composite 

of lignin unit of two cellulose units with metal oxides namely 

MgO and CuO. The structure contains alanine unit as an indicator 

for the protein existence and is hydrated with two water molecules 

linked electrostatically with the alanine two active sites. In this 

context, lignin and cellulose are linked throughout their O-linkage. 

Finally, the two metal oxides are linked via weak interactions 

through the oxygen of the O-linkage for the two cellulose units. 

3.2.1. Quantum Mechanical Calculations. B3LYP/LANL2DZ 

results for the CS studied structure is indicated in table 1 

presenting the total dipole moment and HOMO/LUMO band gap 

energy.  

 

Table 1. Total dipole moment TDM and HOMO/LUMO band gap energy 

as eV which is calculated at B3LYP/LANL2DZ level of theory. 

Total dipole moment TDM ∆E 

10.6165 1.6662 

 

 
Figure 2. a) Model molecule for CS which consists of two cellulose units, 

one lignin unit, one alanine unit, MgO, CuO and two water molecules, b) 

Molecular electrostatic potential calculated at B3LYP/LANL2DZ level of 

theory. 

  

The contour of molecular ESP describing the corn silk surface was 

achieved through mapping the sites for the electrophilic and 

nucleophilic attacks. This contour describes the charge 

distributions for the studied structure throughout colors [36]. 

Mapping the colors indicates the site, each color represents a 

certain charge so that, from negative to positive, the colors are 

going to change from red to blue. The negativity is following color 

scheme according to the following color order red< orange < 

yellow < green < blue [37, 38]. The molecular electrostatic 

potential is calculated at the same level of theory (Fig.2). Red 

colors are surrounding the oxygen of the amino acid carboxylic 

group and the CuO.  The water molecules oxygen is represented 

by red color contour (Fig.2 a). The active sites in CS are not for 

amide group but for sites close to the polar water molecules and to 

CuO. 

These results could be further confirmed with the HOMO/LUMO 

band gap energy as indicated in figure 2 b).  

The total dipole moment was calculated as 10.6165 Debye while 

the HOMO/LUMO band gap was 1.6662 eV.   
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The HOMO/LUMO is localized around the CuO, which could be a 

confirmation that it is one of the active sites in the CS studied 

model structure.  

Upon increasing the total dipole moment with decreasing the band 

gap indicates the reactivity of the studied structure [39-40]. 

Moreover, ESP, TDM and HOMO/LUMO are collectively 

indicating the ability of the studied structure for further interacting 

with its surroundings. Therefore, the corn silk model contains 

several active sites and its reactivity is dedicated to various 

biomedical applications (Figure 3). 

 
Figure 3. HOMO/LUMO band gap energy which is calculated at 

B3LYP/LANL2DZ level of theory. 

3.2.2. QSAR Calculations. Other variations for the studied model 

could be achieved with the descriptors of the quantitative structure 

activity relationship. Table 2 presents the calculated physical and 

electronic properties of corn silk, total energy (E), and QSAR 

properties; ionization potential (IP), log P, molar refractivity, 

polarizability, surface area (A) and volume (V) calculated at PM6 

level.  The proposed structure is optimized using semi-empirical 

quantum mechanical calculations at PM6 level. The optimization 

process results in some physical and electronic properties as 

charge, total energy (E). The optimization calculation process 

shows that the optimized structure possesses quite high 

stabilization where its total energy is -266698.162 kcal/mol. 

Further, the QSAR parameters are calculated at the same PM6 

level. They are conducted to investigate the biological activity of 

the proposed compound. QSAR properties such as ionization 

potential (IP), log P, molar refractivity, polarizability, surface area 

and volume were calculated (Table 2). Regarding the ionization 

potential, the energy required to remove an electron from the 

structure to an infinite distance is -8.936eV. For the log P property 

referring to the hydrophilic nature of the structure where positive 

values indicate hydrophobic structures while negative ones reflect 

the hydrophilic compounds. It is obvious from the calculated log P 

parameter that the structure owns hydrophilic nature. This is 

attributed to several hydroxyl groups existence in its structure. 

Molar refractivity property is calculated to be 143.448. 

Furthermore, surface area and volume parameters are calculated to 

be 607.52 A2 and 535.12 A3 respectively. Polarizability property 

that depends on both the surface area and volume was calculated. 

It reflects how ease the structure can be polarized. 

 

 

Table 2. QSAR descriptors for the studied structure at PM6 semispherical level of theory, the calculated parameters including total energy (E),  and 

QSAR properties; ionization potential (IP), log P, molar refractivity, polarizability, surface area (A) and volume (V). 

E (kcal/mol) IP (eV) log P Molar refractivity Polarizability A (A
2
) V (A

3
) 

-266698.16 -8.94 -2.176 143.45 48.88 607.52 535.12 

 

4. CONCLUSIONS 

 The CS biological reactivity is attributed to several active 

functional groups as hydroxyl groups in both lignin and cellulose 

units in addition to the amide one in the introduced alanine amino 

acid. Furthermore, the existing metal oxides and the two water 

molecules are sharing also in the reactivity of the proposed 

structure. Correlating the quantum mechanical results with QSAR 

results, the reactivity of the studied corn silk model molecule can 

be observed. The above mentioned structure is responsible for the 

promising biological activity proposing the CS reliable matrix for 

several biological applications. 
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