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Abstract	

Different polymers like polyethylene (PE) and polypropylene (PP), have been utilized for food 
packing due to its low cost and good barrier properties. In order to obtain active food packaging, 
into PE and PP films many functional additives like antioxidant and antimicrobial agents have 
been added. These agents may migrate from the packaging to the food product or to the 
surrounding headspace, and can extend the shelf life of food, improving its safety and quality 
properties. For this purpose, natural compounds instead of synthetic additives could be used. 
Among plants reported to have anti-oxidative activity, rosemary extract (ER) is widely used in 
many food applications. The main objective of this work was to prepare the PE/ER and PP/ER 
composite films with 10 mass.% of ES via hot melt extrusion after which they are hot-pressed. In 
order to determine the interactions of polymer and extract in the composite the Fourier transform 
infrared spectroscopy (FT-IR) was utilized. Differential scanning calorimetry (DSC) was used to 
detect influence of ER on the thermal characteristics of polymer matrix. FT-IR spectra were 
recorded on Perkin Elmer Spectrum Two spectrometer by the ATR technique (diamond, 45° 
angle) in the measurement range of 4000–450 cm-1 (10 scans, resolution 4 cm-1). The DSC curves 
were recorded by the Mettler Toledo DSC 823e in the nitrogen atmosphere (30 cm3min-1) at a 
rate of 10 °Cmin-1 from 25 to 220 °C. Based on the characteristic PE and PP absorption bands, 
their intensity, shape and position it can be concluded that ER addition had no effect on the 
structure of polymer matrix. DSC curves revealed that characteristic melting and crystallization 
transition of polymer matrix practically remained unchanged upon ER addition. Hence, the main 
goal of this work was achieved. 
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1.	 INTRODUCTION 

Traditional food packages, made mostly from polymers like polyethylene (PE) and 
polypropylene (PP), are designed to delay the adverse effects of the environment on the 
food product and therefore have the passive role of containment, protection, and 
marketing of the product during processing and storage [1]. On the other hand, active food 
packaging represents an improvement in the function ascribed to the classical packaging, 
aiming to increase product shelf-life by interacting with food or the environment 
surrounding food. Action of the active packaging are due to particular features that belong 
to the packaging material or to active agents, which are added to the passive barrier in 
order to work as absorbers, emitters or releasers of compounds. Hence, the main goal of 
active packaging is to prevent microbial and chemical contamination, maintaing at the 
same time visual and organoleptic properties of food. Synthetic active agents, especially 
antioxidants, have long been used in the food industry. However, upon increased 
consumer demand for natural products and growing concerns about the potential health 
hazards associated with synthetic antioxidants, there is a growing interest in the use of 
naturally occurring antioxidants for use in food processing [2]. Among many natural 
extracts from plants, rosemary extract (ER) has been shown to possess strong antioxidant 
activity because of the high contents of phenolic diterpenes (e.g. carnosic acid, carnosol 
and rosmanol) and phenolic acids (e.g. rosmarinic acid). Active agents can be introduced 
into the active packaging by few possible was; by incorporation of volatile and non-
volatile agents directly into polymers or by coating or adsorbing agents onto polymer 
surfaces [3]. Incorporation of the ER in the active packaging has already been studied by 
many researchers [4], but only few works investigating usage of ER in the PP or PE films 
could be found. Bolumar et al. [5] investigated antioxidant active packaging for chicken 
meat processed by high pressure treatment. In order to prepare the active films, they used 
ordinary household PE foil, where the necessary amount of 10% commercial food grade 
rosemary extract solution in ethanol was poured and distributed over the surface using a 
brush. Barbosa-Pereira et al. [2] have prepared new active packaging films coated with 
natural phenolic compounds to improve the oxidative stability of beef. They used 
commercial rosemary extract in powder form, which was applied onto PE matrix by 
coating method. On the other hand, Musuc et al. [6] analysed the rosemary extract effect 
on PE structure and biodegradability. They obtained composite films by mixing PE with 
different ER concentrations in molten state in a Brabender Plastograph, followed by 
calendering and extrusion as films. 

In the conventional way, polymer packaging systems are usually produced via extrusion, 
injection molding, injection stretch blow molding, casting, blown film, thermoforming, 
foaming, blending and compounding, while the active component is directly incorporated 
in the polymer-based package matrix [1]. Therefore, in this work, the PE/ER and PP/ER 
composite films were preparedvia hot melt extrusion after which they are hot-pressed. In 
order to determine the interactions of polymer and extract in the composite the Fourier 
transform infrared spectroscopy (FT-IR) was utilized. Differential scanning calorimetry 
(DSC) was used to detect influence of ER on the thermal characteristics of polymer matrix.  

 

2. EXPERIMENTAL	PART 

2.1. Materials	and	preparation	
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Materials used in this work are as follows: low density polyethylene, PE (PE-LD Okiten 
245 S, Dioki d.d. Croatia); polypropylene, PP (MOLPEN EP332 L, LyondellBasell 
Industries, Roterdam, Netherland) and rosemary extract, ER (plant material purchased 
from the Bio&Bio, health food store, Croatia). 

The polymer/ER composite films with 10 mass % of rosemary extract were prepared via 
hot melt extrusion in a laboratory single screw extruder (Dynisco, Qualitest North 
America) at 140 °C (PE) and 180 °C (PP), screw speed 120 rpm. In ordere to obtain 
composite films for the analysis, after extrusion, samples were hot-pressed at 140 °C (PE) 
and 180 °C (PP), respectively. Fig. 1 represent the extruded and hot-pressed samples of 
investigated composite films used for further characterization. Rosemary extract particles 
couldn’t be extruded in abovementioned extruder. Hence, aqueous extract (15g/100 mL) 
prepared using an ultrasonic bath (2 h at 60 °C) were lyophilized and were used for the 
analysis as powder.  

 
 

Fig.	1:	Extruded	(left)	and	hot‐pressed	(right)	investigated	samples	

 

Fourier transform infrared spectroscopy (FT-IR) spectra were recorded on Perkin Elmer 
Spectrum Two FT-IR spectrometer by the Attenuated Total Reflectance (ATR) technique 
with diamond reflection crystal. The spectra were collected in 10 scans at a resolution of 
4 cm-1 and in the range of 4000–450 cm-1 at room temperature. 

The thermal characteristics of polymer/ER composite films were investigated by means 
of differential scanning calorimetry (Mettler Toledo DSC 823e) in a nitrogen atmosphere 
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(30 cm3min-1). Samples of approximately 10 mg were heated at a rate of 10 °C min-1 from 
25 to 160°C for PE/ER samples, and to 220 °C for the PP/ER samples, respectively. 
Additionally, the same samples were cooled at the same rate to 25 °C and then reheated 
to the 160 °C and 220 °C, respectively. The melting point, crystallization temperatures and 
corresponding enthalpy of melting and crystallization (ΔHm and ΔHc) were determined 
according to international standard ISO 11357-3 [7]. The melting/crystallization 
temperatures (Tm/Tc): the extrapolated onset temperature (Teim/c), peak temperature 
(Tpm/c) and the extrapolated end temperature (Tefm/c). More details could be found in our 
published work [8].  

 

3. RESULTS	AND	DISCUSSION	

3.1. Fourier	transform	infrared	spectroscopy		
The FT-IR spectra of neat polymers and PE(PP)/ER composite films are presented in Fig. 
2. The spectra of neat polymers contain absorption bands that are characteristic only for 
PE or PP, respectively. These peaks can be used as an indication of the possible 
interactions between polymer and the extract in the composite. Selected polymers 
spectrum characteristic peaks and corresponding assignments of interest are 
summarized in Table 1.  

Table	1.	Main	absorption	bands	of	the	investigated	polymers	and	their	assignment	[9‐11]		

PE	assignment	 PE	 PE/ER	 PP	assignment	 PP	 PP/ER	

CH2 asymmetric 
and symmetric 
stretching 2915/2849 2916/2849 

asymmetric and 
symmetric 
stretching in plane 
C–H (CH3) 

2950/2867 2950/2687 

CH2 bending 
deformation 1472/1463 1472/1463 

asymmetric and 
symmetric 
stretching in plane 
C–H (CH2) 

2918/2839 2918/2839 

CH3 symmetric 
stretching 1377 1378 

symmetric 
bending 
deformation in 
plane C–H (CH2) 

1455 1455 

wagging 
deformation 1369/1353 1370/- 

symmetric 
bending 
deformation in 
plane C–H (CH3) 

1376 1375 

twisting 
deformation 1302 - C-C stretching 

deformation 1168 1167 

wagging 
deformation 1177 - 

CH3 rocking 
deformation 973 973 

CH2 rocking 
deformation 730/719 730/719 C–CH3 stretching 

vibration 841 841 
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On the other hand, FT-IR spectra of rosemary extract powder (Fig. 1) consist of the 
components having different groups in their structures, such as COOH, C–O, phenolic with 
corresponding absorption bands in the region of 1750–1600 cm-1. The rosemary 
constituents are mainly aromatic compounds and the band appearing at 1030 cm-1 is 
attributed to the deformation vibration of C-H bonds from aromatic rings [12, 13]. 
However, there are also several characteristic peaks around 1591 cm-1 (aromatic domain 
and N-H bending), 1258 cm-1 (C-O stretching), and 815 cm-1 (C-H out of plane bending 
vibrations from isoprenoids) [14].  

Musuc et al. [6] analysed the effect of rosemary extract content and irradiation on 
modified polyethylene structure, before and after C.	 lipolytica attack. They used FT-IR 
analysis and concluded that both irradiation and fungal attack led to an increase of the 
FTIR carbonyl peak intensity in rosemary-modified samples indicating a partial 
breakdown of the polymer chain. However, latter authors did not investigate possible 
interaction between PE and ER.  

In the practice, changes in the intensity, shape, and position of the characteristic peaks of 
PE and PP, respecitevely, can be associated with the interaction between polymer and the 
extract in the composite. However, by detail insight into Fig. 2 and Table 1 it can be 
concluded that FT-IR spectra of PE and PP are practically identical to the spectra of PE/ER 
and PP/ER composites, respectively. This undoubtedly means that the addition of the 
rosemary extract powder did not affect the structure of the polymer (PE/PP) matrix. 

 

3.2. Differential	scanning	calorimetry		

The normalized DSC curves of all investigated samples are shown in Figs. 3 and 4, while 
corensponding thermal transition parameters are tabulated in Table 2. The DSC heating 
curve of neat PE (Fig. 3) shows one endotherm (melting of the crystal phase), 
characterized by temperatures of 104 °C (Teim), 115 °C (Tpm) and 120 °C (Tefm) with 
corresponding melting enthalpy (ΔHm) of 76.4 J g-1. Likewise, the DSC cooling curve of neat 
PE (Fig. 4) also shows one exothermic peak (crystallization) characterized by 
temperatures of 104 °C (Teic), 100 °C (Tpc) and 87 °C (Tefc) with corresponding enthalpy of 
crystallization (ΔHc) of -65.1 J g-1. On the other hand, normalized DSC heating curve of neat 
PP (Fig. 3) shows one endotherm as well, characterized by temperatures of 157 °C (Teim), 
167 °C (Tpm) and 174 °C (Tefm) with corresponding melting enthalpy (ΔHm) of 81.0 J g-1. 
Finally, the DSC cooling curve of neat PP (Fig. 4) is characterized by temperatures of 121 
°C (Teic), 117 °C (Tpc) and 109 °C (Tefc) with corresponding enthalpy of crystallization (ΔHc) 
of -77.4 J g-1. The DSC curves of ER didn’t show any specific thermal transition in the 
investigated temperature region. 
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Fig.	2:	Comparison	of	the	FT‐IR	spectrograms	of	the	all	investigated	samples 
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Fig.	3:	Comparison	of	the	normalized	DSC	curves	(second	heating)	of	the	neat	polymers	and	

composite	samples	

 
Fig.	4:	Comparison	of	the	normalized	DSC	curves	(cooling)	of	the	neat	polymers	and	composite	

samples	

	

The DSC curves of PE/ER and PP/ER composites showed one endothermic peak and one 
exothermic peak which corresponds exclusive to the neat polymers. The melting 
temperature of the polymer in the composite depicted as Teim (consider as most relevant) 
remained unchanged upon ER addition. Likewise, the crystallization temperatures (Teic) 
of polymers remained almost the same as those of neat ones. This illustrates that the 
addition of rosemary extract did not have any effect on the specific thermal transitions of 
PE and PP in the composite, respectively. This conclusion is in agreement with the aviable 
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literature. Musuc et al. [6] analysed the effect of rosemary extract content on polyethylene 
structure via DSC analysis. They concluded that although the presence of rosemary extract 
affected the shape of the DSC curves, consequently the peak melting temperatures 
remained practically the same as for the neat PE films. On the other hand, there is no any 
available literature on DSC analysis of PP/ER composites. Finally, these results are in 
agreement with the FT-IR analysis and the main objective of this work, to prepare the 
composite films of the polyethylene and polypropylene with rosemary extract via hot melt 
extrusion, was achieved. 

 

Tab.	2:	Thermal	transition	parameters of	the	PE(PP)/ER	composites	for	DSC	measurements.		

Parameter	
Sample	

PE	 PE/ER	 PP	 PP/ER	

Tc	/	°C	

Teic	 104 104 121 122 

Tpc	 100 101 117 117 

Tefc	 87 90 109 110 

‐ΔHc	 /	Jg‐1	 65.1 61.0 77.4 73.0 

Tm	/	°C	

Teim	 104 104 157 156 

Tpm	 115 114 167 166 

Tefm	 120 119 174 173 

ΔHm	 /	Jg‐1	 76.4 74.1 81.0 71.0 

 

 

4. CONCLUSIONS	

In this work, the composite films of polyethylene and polypropylene polymer matrix with 
10 mass % of rosemary extract were successufully prepared via hot melt extrusion. Based 
on the intensity, shape, and position of the characteristic peaks of PE and PP, investigated 
by the Fourier transform infrared spectroscopy, it was concluded that FT-IR spectra of 
neat polymers are practically identical to the spectra of composites. Likewise, the DSC 
curves of composites showed one endothermic peak and one exothermic peak which 
corresponds exclusive to the neat polymers. This unambiguously proves that the addition 
of rosemary extract did not have any effect on the specific thermal transitions of polymer 
matrix in the composite which confirms the hypothesis of this work. 
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