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ABSTRACT 
 
Chitosan is loaded with olive oil and then subjected to Fourier transform infrared spectroscopic study. FTIR spectra 
of chitosan as well as the loaded chitosan show that olive oil is weakly bonded with chitosan. Both spectra are 
nearly identical which could be an indication that, chitosan is an ideal structure for loading olive oil. Molecular 
modeling at B3LYP/6-31g(d,p) level of theory is utilized to investigate the physical as well as electronic differences 
between chitosan and oil loaded chitosan. Glycine is chosen as a model molecule for olive oil. Calculated total 
dipole moment indicates that; chitosan became highly interacting with its surrounding as far as olive oil loading is 
concerned. It indicates that, olive oil/chitosan interaction requires only -0.1372 au, meaning that, small amount of 
energy is needed for such interaction, which confirms the FTIR and the model molecule results that such interaction 
is weak. 
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INTRODUCTION 
 

Natural-polymer in the form of films shows extensive applications as alternatives to plastic packaging owing to their 
biodegradability and biocompatibility [1]. 
 
Furthermore, these films may be used as carriers for many additives, such as antioxidants and antimicrobials agents. 
Accordingly, extensive research works are directed to maintain food quality, minimize the growth of undesirable 
microorganisms on the surface of food and provide extra protection against oxidative agents by utilizing such films 
with additives in the so called “active packaging [2-4]. Chitosan is one of the most famous natural polymers which 
are derived after the deacetylation of chitin. It is dedicated for many applications as it is well known as non-toxic, 
biodegradable and biocompatible polymer [5]. It is well known with its antimicrobial activity [6-7]. It is stated that, 
chitosan could be effectively utilized for the delivery and encapsulation of drugs, vitamins, proteins, genes, 
nutrients, essential oils and phenolic compounds [8-9]. Carumcopticum essential oil (CEO) was successfully 
encapsulated in nano chitosan using emulsion-ionic gelatin with two cross linkers namely TPP and HMP 
[10].Chitosan as well as other natural polymers was subjected to FTIR and molecular modeling studies in order to 
elucidate their molecular structure [11], and their interaction with biological molecules in order to investigate their 
functionalities [12-15]. Based upon these considerations this study is conducted for carrying on olive oil upon 
chitosan membrane. FTIR and molecular modeling at B3LYP/6-31g(d,p) are utilized to understand the mechanism 
of interaction between olive oil and chitosan surface. 
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MATERIALS AND METHODS 
 

The chitosan film membrane has been prepared by the casting method [16].  Chitosan film and another one loaded 
were prepared with Extra Virgin Olive Oil (EVOO).  For pure chitosan film we dissolved 25 g of low molecular 
weight (15kD) chitosan (from ABCO Laboratories, USA) in25 ml of 7% acetic acid (from ADWIC, Egypt). The 
chitosan solution stirred for 1 hour then filtered and casted in Petri dish finally stored in room temperature for 48 
hours. For the EVOO loaded Chitosan film a 2 microliters of EVOO have been added after the chitosan solution 
filtration and stirred for another 2 hours then the solution was casted also in a Petri dish for 48 hours. 
 
The FTIR have been measured by ATR technique based on FTIR spectrometer (VERTEX 70, Bruker Optics, 
Germany). The obtained data is analyzed by OPUS software (Bruker Optics)   
 
3. CALCULATION DETAILS  
The amino acid glycine is proposed as a model molecule for olive oil, and then interacted with chitosan through the 
NH2 of chitosan. Calculations were carried out on a personal computer, performed using Gaussian09 program [17]. 
The initial geometry optimizations of chitosan interacted with glycine was performed to get approximate minimum 
energy structures. The lowest energy conformations obtained and optimized with the B3LYP/6-31g(d,p) method 
[18-20] 
 

RESULTS AND DISCUSION 
 

The assignment of the spectrum of chitosan was discussed in many studies [11-13]. The assignment will be 
mentioned here in order to indicate the effect of oil upon the spectrum of chitosan. As shown in Figure 1 the FTIR 
absorption spectrum of chitosan shows a broad band around 3378 cm−1 which is assigned as the OH stretching 
vibration. Then the band arising from CH stretching is located at 2936 cm−1 and 2871 cm−1. The band at 1650 
cm−1was due to the OH of chitosan [21]. The band at 1589 cm−1 is due to the scanty amount of O=C–NH2. Peaks 
around 1429 cm−1 and 1384cm-1 are assigned to the CH2 and CH3 vibrations respectively. The region from 1152 
cm−1 to 1033 cm-1 is the characteristic bands of C-O-C linkage. Finally, the C-N fingerprint band appears at 894 cm-

1.The structure of chitosan remains unchanged as a result of loading with olive oil. Regarding effect of oil one can 
conclude that, the intensity of CH bands of chitosan has increased as a result of coupling between chitosan and olive 
oil. The band at 1750 cm-1 has appeared for chitosan loaded with oil according to the C=O stretching vibrations. 
The CH stretching bands became more intense as a result of loading chitosan with olive oil. The band at 1589 cm−1 
which is assigned as the scanty amount of O=C–NH2 is shifted to 1657 cm−1  as a result of loading chitosan with 
olive oil.  
 
The coincidence between both spectra has suggested that chitosan is an ideal structure for loading olive oil. As 
stated earlier, chitosan shows the ability to interact with amino acids through four sites through its hydrogen 
bondings. Molecular modeling calculations indicate that the NH2 group is the most favorable place for interactions. 
Based on this fact, chitosan is proposed to interact with glycine as a model molecule for olive oil. Figure 2 shows the 
optimized model molecule for the interaction between chitosan and glycine through the NH2 of chitosan. The model 
indicates that, the interaction is weak. Correlating this with FTIR absorption bands in figure 1 one can observe that, 
the olive oil is weakly bonded with chitosan. 
 
Table 1 shows the calculated total dipole moment of the studied structures. Chitosan shows 3.49 Debye while 
glycine has 6.94 Debye. The model indicating the interaction between chitosan/glycine shows 4.40 Debye indicating 
that chitosan became highly interacting with its surrounding as far as glycine interacts with it. The SCF energy is 
calculated for chitosan and glycine as well as their complex in order to calculate the interaction energy. The 
interaction energy is the difference between the sum of SCF energies of  chitosan and glycine and the SCF energy of 
their complex chitosan/glycine. The interaction between chitosan and glycine required -0.1372 au. This indicated 
that, small amount of energy is needed for such interaction, which confirms the FTIR and the model molecule 
results that such interaction is weak. 
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Figure1. FTIR absorption spectra of chitosan (Cs) and chitosan loaded with olive oil (Cs loaded) 

 

 
a-                 b- 
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c- 

Figure 2. Optimized B3LYP/6-31g(d,p) model  molecules for a- chitosan; b-the model molecule for olive oil (glycine) c-the interaction 
between chitosan and glycine through the NH2 of chitosan 

 
Table 1. B3LYP/6-31g(d,p) calculated total dipole moment (TDM) as Debye, SCF energy as A.U for chitosan, glycine and chitosan 

interacted with glycine 
 

 TDM Energy 
Chitosan 3.49 -592.0814     
Glycine 6.94 -284.8896    
Chitosan/glycine 4.40 876.8348 
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