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ABSTRACT 
The aim of this study was to investigate starch and starch based edible films with and without oregano essential oil addition in 

terms of crystallinity by using X-ray diffractometry. Starch crystallinity is related to amylopectin linear chains which may give 
different X-ray diffraction patterns, described as A, B and C chains. Diffraction pattern of starch based edible film without essential 
oil addition showed broad diffraction peak in 15-20° 2θ region, indicating destruction of A-type crystal structure due to experimental 
conditions of casting procedure used in this work. Diffraction peaks of samples with 0.5 %, 1 % and 2 % oregano essential oil, whose 
shapes are to some extent retained after oregano oil addition, were centered at 20.8°, 20.1° and 21.6° 2θ respectively, while pattern 
of sample with 2% oregano essential oil showed additional diffraction peaks at 31.1°, 35.1°, 38.3°, 44.5° and 64.9° 2θ. X-ray 
diffraction patterns showed polyamorphous nature of investigated starch samples with essential oils addition. 

Key words: starch, starch based edible film, essential oil, structure, X-ray diffraction. 

REZIME 
Cilj istraživanja je ispitivanje strukturnih svojstava skroba, jestivog skrobnog filma i jestivog skrobnog filma kome je dodato 

esencijalno ulje origana u različitoj koncentraciji (0,5%, 1% i 2%). Uprkos razlikama u sastavu, veličini i obliku, opšti opis 
organizacije granula skroba je opšte prihvaćen: kombinacija dve komponente, amiloze i amilopektina. Poznato je da se pojam 
kristaliniteta skroba odnosi na linearne lance amilopektina, koji mogu da daju različite difrakcije X-zraka u zavisnosti od izvora 
skroba. Osnovna organizacija lanaca se opisuje kao tip skroba A, B ili C. Kristalinitet skroba, skrobnih filmova sa i bez dodatog ulja 
origana je ispitan korišćenjem metode difrakcije X-zraka. Difrakcioni podaci su prikupljeni u ugaonom opsegu 4-70°2θ, sa 
vremenom zadržavanja 0,5 s po koraku i veličinom koraka od 0,02° 2θ. Difraktogram jestivog filma na bazi skroba bez dodatka ulja 
pokazao je širok difrakcioni maksimum u 15-20° 2θ regionu, ukazujući na destrukciju A-tipa kristalne strukture zbog 
eksperimentalnih uslova razlivanja filma. Difrakcioni maksimumi uzoraka jestivih filmova na bazi skroba sa 0,5%, 1% i 2% dodatog 
esencijalnog ulja origana, donekle su zadržali svoje oblike, a maksimumi su locirani na 20,8°, 20,1° i 21,6° 2θ respektivno, dok 
uzorak sa 2% dodatog esencijalnog ulja origana pokazuje dodatne difrakcione pikove na 31,1°, 35,1°, 38,3°, 44,5° i 64,9° 2θ. 
Dobijeni difraktogrami X zraka ukazuju na poliamorfnu prirodu ispitivanih uzoraka jestivih filmova na bazi skroba sa dodatim uljem 
origana. 

Ključne reči: skrob, jestivi skrobni filmovi, esncijalno ulje, struktura, X-ray difrakcija. 
 

INTRODUCTION 
Starch based edible films, among other bio-based edible 

packaging materials (Lazić et al., 2008), have wide application 
in the food industry due to low cost, eco-friendly status (Lazić et 
al., 2009), flexibility and transparency (Šuput et al., 2014). 
Starch mainly consists of two polymers of a-D-glucose units 
linked by a-1,4 and a-1,6 bonds. These are the nearly linear 
amylose (AM) and highly branched amylopectin (AP), which 
make up for 98–99 % of the dry weight of the starch granule 
(Tester et al., 2004; Chen et al. 2009). Their chains can thus be 
represented as (C6H12O6)n, whereby n is variable (in length) 
depending on the distribution of the different polymers. The ratio 
of the two starch polymers (in starch granules) as well as their 
molecular configuration strongly influences the product 
properties (Blazek and Copeland, 2008). AM is located in the 
amorphous and semi-crystalline regions, whereas the majority of 
AP chains are found within the crystalline regions (Jane and 
Shen, 1993). In addition, starch contains minor constituents 
(lipids, proteins and minerals) of which the levels vary with the 
botanical origin. 

The AM content of normal starches varies between 14 and 
29 % (Vandeputte et al., 2003; Gomand et al., 2010). AM is a 
relatively long, linear a-glucan containing around 99 %      
(1→4)-α-linkages and differs in size and structure depending on 
botanical origin (Tester et al., 2004). Some molecules are 
slightly branched by (1→6)-α-linkages (Buleon et al., 1998). 
Therefore it can be concluded that the presence of branches does 
not alter significantly the solution behavior of amylose chains, 
which remains identical to that of strictly linear chains (Buleon 
et al., 1998). 

Amylopectin is a much larger molecule than amylose with 
heavily branched structure built from about 95 % (1→4)-α- and   
5 % (1→6)-α-linkages. There is great additional variation with 
respect to the unit chain lengths and branching patterns (Tester et 
al., 2004). Amylopectin unit chains are relatively short 
compared to amylose molecules with a broad distribution 
profile. The individual chains can be specifically classified in 
terms of their lengths (chain lengths, CL) and consequently 
position within starch granules (Hizukuri, 1986).  

The basic organization of the chains is described in terms of 
the A, B and C chains. AP is largely responsible for the 
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crystalline character of starch. Side chains of AP form double 
helices which are ordered in clusters. The crystalline lamellae 
contain the double helices, while the amorphous lamellae 
contain the AP branch points, which connect the double helices 
(Thompson, 2000). The amorphous growth rings consist of AM 
and less ordered AP (Delcour and Hoseney, 2010). AM and AP 
are not present in separate regions, but highly intermingled in the 
granule (Kasemsuwan and Jane, 1994).  

The degree of crystallinity is usually determined with X-ray 
diffraction (Buleon et al., 1998). It varies from 20 to 40 % 
depending on the botanical origin (Zobel, 1988; Cooke and 
Gidley, 1992). The packing of AP double helices can give rise to 
different crystal structures or polymorphic forms. Cereal starch 
crystals are generally packed according to the A-type packing. 
Such packing is denser than the B-type packing of e.g. potato 
starch and high AM maize starches.  

Cassava starch contains A-type or C-type crystals (a mixture 
of A- and B-type crystals) (Zobel, 1988; Vermeylen, 2004). In 
A-type starches, crystals are packed in a monoclinic unit cell 
with eight water molecules, whereas in B-type starches, crystals 
are packed in a hexagonal unit cell with 36 water molecules. 
Besides A- and B-type crystals, a third polymorph exists, i.e. V-
type crystals. In this polymorph, AM single helices form 
inclusion complexes with e.g. iodine, alcohols or fatty acids 
(Buleon et al., 1998). 

The traditional view was that cereal starches generate A-type 
X-ray diffraction patterns, tuber and high amylose starches, B-
type, and legume, root and some fruit and stem starches, C-type, 
although it is now believed that C-type starch diffraction patterns 
represent a combination of A- and B-type polymorphs 
(McPherson and Jane, 1999; Sevenou et al., 2002). The packing 
these double helices within the A-type polymorphic (crystalline) 
structure is relatively compact with a low water content, whilst 
the B-type polymorph has a more open structure containing a 
hydrated helical core. Ordering of starch granules may vary from 
the hilum (centre) to the periphery (Sevenou et al., 2002). There 
is a transition from A- to B-type polymorphic forms within 
maize starch granules accompanying a decrease in crystallinity 
but increase in apparent amylose content (Cheetham and Tao, 
1998).  

XRD method was applied to investigate crystallinity changes 
of starch and starch based edible films with and without essential 
oil addition. Principal Component Analysis (PCA) and Cluster 
Analysis (CA) were applied to classify and discriminate 
analysed samples (Brlek et al., 2013). 

MATERIAL AND METHOD 

Film preparation  
Starch films were prepared by casting aqueous modified 

maize starch solution (1.5 % (w/v)). Solution was heated at 90 
˚C for 60 min in a water bath. Glycerol (40 % of the original 
starch) was added to the solution while mechanical stirring for 
10 min. Finally, guar-xanthan modified mixture (0.1 % to initial 
starch weight) was added together with oregano essential oil at 
different concentrations (0.5 %, 1 % and 2 %). Starch edible film 
without essential oil was used as control. The film-forming 
solution was homogenized at 10,000 rpm for 1 min and then 
degassed under vacuum to remove dissolved air. Film-forming 
solution was casted into Petri dishes and left to air dry at room 
temperature.  

XRD measurements 
The X-ray diffraction patterns (XRD) were recorded on 

Philips PW-1710 automated diffractometer using Cu tube 
operated at 40 kV and 30 mA. The instrument was equipped 
with diffracted beam curved graphite monochromator and Xe-
filled proportional counter. Diffraction data were collected in 2θ 
range 4-70°, with counting time of 0.5 s per step and a step size 
of 0.02° 2θ. Fixed 1° divergence and 0.1 mm receiving slits were 
used. Silicon powder was used as a standard for calibration of 
diffractometer. 

Statistical analysis 
Pattern recognition technique has been applied within results 

descriptors to characterize and differentiate all observed 
samples. Principal Component Analysis (PCA) has been applied 
successfully to classify and discriminate the different samples of 
starch based edible films, using the STATISTICA 10.0® 
software (StatSoft Inc., Tulsa, OK, USA). In summary, PCA 
decomposes the original matrix into several products of 
multiplication into loading (different samples) and score (peak 
areas) matrices. Samples were taken as variables (column of the 
input matrix) and XRD data as mathematical-statistical cases 
(rows of the matrix).    

RESULTS AND DISCUSSION 
Corn starch is characterized by A-crystalline pattern with 

densely packed double helices in the unit cell (Imberty et al., 
1988). Film preparation by casting procedure usually leads to 
solubilization of amylose followed by destruction of starch 
crystalline structure (van Soest et al., 1996; Parker and Ring, 
2001). Diffraction patterns of control starch film and starch films 
with oregano essential oil addition in different concentrations are 
given in Figure 1a. Further, Cluster analysis (CA) and Principal 
component analysis (PCA) were applied successfully to classify 
and discriminate the different samples.  

Diffraction pattern of control film showed broad diffraction 
peak in 15-20° 2θ region, indicating destruction of A-type 
crystal structure due to experimental conditions of casting 
procedure used in this work. In case of diffraction patterns of 
starch films with oregano essential oil addition, narrowing of the 
main diffraction peak was observed. Difference in peak shape 
after oregano oil addition in different concentrations could be 
due to oregano oil constituents thymol and carvacrol. Obtained 
diffraction patterns were not further investigated from 
crystallographic point of view in this contribution and will be the 
subject of investigation in the next publication. 

Complete linkage algorithm and City block (Manhattan) 
distances were used as the measure of proximity among the 
samples. City block distances (shown on ordinate axis) are 
measured as the average difference across dimensions of the 
tested samples. This distance measure yields results similar to 
the Euclidean distance, but in this measuring technique, the 
effect of single large differences (outliers) is dampened (since 
they are not squared). The dendogram presented in Figure 1b is 
based on XRD data registered for the peak area between 4-
70°2θ. The resulting dendogram showed three clusters, the first 
cluster contained Control and starch film with 0.5 % of oregano 
essential oil. The second cluster comprised starch film with 1 
and 2 % of oregano essential oil. The third cluster was for 
modified starch. The linkage distance (shown on the ordinate 
axis) between the third and other clusters was most evident 
(nearly 3). 
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Fig. 1. a) XRD patterns of modified starch, control starch film and starch films with  

oregano essential oil addition in different concentrations: 0.5 %, 1 % and 2 %,  
b) Dendogram of observed samples 
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Fig. 2. a) Eigenvalues of correlation matrix,  

b) Projection of the cases on the first factor plane 
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The analysis of dissimilarities in the samples was also 
searched by means of PCA. The number of factors retained in 
the model for proper classification of XRD data, in original 
matrix into loading (different samples) and score (peak area) 
matrices were determined by application of Kaiser and Rice’s 
rule (Otto, 1999). This criterion retains only principal 
components with eigenvalues >1. First PC explained 38.73 % of 
the total variance in the XRD data (Figure 2a, 2b). Projection of 
the variables on the factorial plane indicates that samples with no 
or less oregano essential oil content contribute mostly to the first 
PC, and thus to the total variability of the basic set. Modified 
starch contributed the most to the first PC, with 53.4 % (based 
on correlation), while control sample and sample with 0.5 % of 
essential oil content contributed 23.5 % and 18.7 %, respectively 
for PC1 calculation. The second PC accounts for 30.20 % of 
variability (Figure 2a, 2b). The contribution of samples having   
1 % and 2 % of oregano essential oil for calculating PC2 were: 
23.5 % and 13.6 %, while control sample contributed the most, 
with 40.5 %. 

According to PCA analysis, starch film with the addition of 
oregano essential oil were located close to the bottom of the 
graphic, while the samples with no oregano essential oil were 
located to the top of the graphic. It seems that the second 
principal component is more influenced by essential oil content. 
The PCA results harmonize with the results of cluster analysis, 
showing that control sample was similar to starch film sample 
with 0.5 oregano essential oil. Starch film samples with 1 and 2 

% oregano essential oil were 
similar, whereas the modified 
starch was significant different 
from  the other samples according 
to CA and PCA analysis. 

CONCLUSION 
The complete picture with 

respect to starch structure is still 
challenge. XRD is sophisticated 
technique that helps understanding 
starch granules architecture. This 
paper examined starch, starch based 
edible film and starch based edible 
films enriched with oregano 
essential oil in different 
concentrations in terms of structure 
(crystallinity). Diffraction pattern 
of control film showed broad 
diffraction peak in 15-20° 2θ 
region, indicating destruction of A-

type crystal structure due to experimental conditions of casting 
procedure used in this work. Addition of oregano oil resulted in 
changes in peak shape: diffraction peaks became narrower. 
Cluster analysis (CA) and Principal component analysis (PCA) 
were applied successfully to classify and discriminate the 
different samples. CA and PCA results showed that control 
sample was similar to starch film sample with 0.5 % oregano 
essential oil. Starch film samples with 1 % and 2 % oregano 
essential oil were similar, while modified starch was the most 
different to all other observed samples according to CA and also 
PCA. 
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