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Abstract: The results of the infestation by maize weevil, Sitophilus zeamais (Coleoptera, Curculionidae) in 
various packages filled with pasta are presented. Three different types of packaging were used, i.e. two 
paper tubes (a novel one laminated with bio-based polyethylene and one without lamination) and a 
commercially available polypropylene pillow pouch packaging. Material properties such as moisture and 
water resistance and compressive strength were analysed. The results obtained showed that adult maize 
weevils revealed significant preferences to penetrate the pasta packaging through the already existing 
holes that were present in the polypropylene packaging, whereas no infestation was observed inside the 
paper tube packaging. The study showed that the shape and construction, e.g. tube packaging with an 
innovative bio-polyethylene film, is very effective against insect infestation and mechanical overload. 
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1. INTRODUCTION 

Recently, many researches have demonstrated that biodegradable plastic mixtures could be produced 
with certain limitations (Ramos et al, 2018; Yousefi et al, 2016; Hayes et al, 2019). Furthermore, post-
consumer management and recyclability must be carefully managed. Biobased polyethylene (bio- PE) is 
presented as a suitable substitute due to its superior barrier properties (reduced permeability to O2, CO2 
and water) and its higher heat resistance than polyethylene (PE) (Hayes et al, 2019; Briassoulis and 
Giannoulis, 2018; Luzi et al, 2019). Therefore, bio- PE has been frequently investigated in recent years 
(Ramos et al, 2018; Bandyopadhyay et al, 2019, Helanto et al, 2019). The production of bio- PE is mainly 
based on sugar cane, which is produced by chemical synthesis from renewable, biologically derived 
monomers (Ojha and Kapoor, 2018; Regubalan et al, 2019). 
A major disadvantage of the existing packaging material is that insects infest the packaged food by 
penetrating it. Insect infestation depends on the pest species, exposure time, food, packaging material 
and prevailing environmental conditions. The solution to prevent infestation could be to use resistant 
laminated packaging that is both environmentally friendly and recyclable. Several insect species can infest 
pasta factories, which can have negative economic and commercial consequences. Infestation may occur 
during the storage process in production facilities, warehouses, general stores and retail outlets already 
colonised by insects derived from other products. Three species, i.e. S. zeamais Motschulsky, S. oryzae (L.) 
and S. granarius (L.) (Coleoptera Curculionidae), are most probably the most widespread and destructive 
primary pests of stored cereals. Pasta in particular can be infested by the corn weevil, S. zeamais, during 
transport in trucks, railway waggons and ships, and during storage at retail level or even in the 
consumer's home (Trematerra, 2009; Trematerra and Savoldelli, 2014; Stejskal et al, 2017). Adult corn 
beetles enter commercial pasta packaging through the openings made by other insects or through the 
existing openings caused by poor sealing or mechanical damage (Trematerra, 2009; Trematerra and 
Savoldelli, 2014; Stejskal et al, 2017). Most foods available on the market are packaged in a way that 
prevents infestation, although insect contamination is still common (Mullen et al, 2012; Heeps, 2016; 
Riudavets et al, 2018). Resistant and sealed packaging can be used to prevent infestation. Paper and 
cardboard packaging are the most common materials and are generally considered the most susceptible 
to insect infestation (Trematerra and Savoldelli, 2014). The widespread use of these susceptible food 
packaging materials should be carefully considered, as losses due to insect infestation in packaged food 
may be equivalent to the costs of cultivation, harvesting, transport, processing and packaging (Mullen et 
al, 2012; Heeps, 2016).  
The aim of our work was to evaluate different packaging and to consider the possibility of using this 
packaging to better protect the food, in our case pasta, from insect attack. 
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2. MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Packaging 

In this research, three different types of packaging were used: two unprinted paper tubes with and 
without a barrier film, and one commercial polypropylene packaging as presented in Table 1.  

Table 1: Packaging characteristics 

Sample Packaging Material 
– outer base 

Material 
– inner barrier 

Package dimension 
[mm] 

Sample A  
not laminated 

Paper tube 
Recycled kraft paper; 
unprinted 

Recycled 
kraft paper 

275.0 × 65.7a 

Sample B 
laminated 

Paper tube 
Recycled kraft paper; 
unprinted 

Laminated 
kraft paper with bio-
PE film 

275.0 × 65.7 a 

Sample C  
foil  

Plastic pillow pouch 
with gussets and fin 
seal 

Polypropylene No 95 × 304b 

    a Length × diameter (Ø) for paper tube packaging.  
    b Width × length for pouches, within the seals. 

2.1.2 Pasta products and olfactometer arena 

Pasta packages of durum wheat commercial spaghetti sample of 500 g, called “Spaghetti Ristorante 8” 
(produced by F. Divella S.p.A., Rutigliano, Bari, Italy) were used in the tests. The following nutritional 
information (average values) for 100 g was reported in the packages: energy 1508 KJ (355 kcal), fats 1.7 g 
(of which saturated fats 0.9 g), carbohydrates 72.0 g (of which sugars 3.9 g), proteins 13.0 g, salt 0.004 g 
(equivalent to sodium 1.6 mg). The tests were performed using 20 rectangular olfactometer arenas (each 
30 cm wide, 40 cm long and 10 cm high). The tests were conducted at the temperature of 27 ± 1°C with 
the relative humidity (RH) of 70 ± 5% and in dark conditions. 

2.2 Methods 

2.2.1 Moisture content, water absorptiveness (Cobb value), capillary rise (Klemm method) and water 
vapour transmission rate (WVTR) 

Each paper tube packaging was tested for moisture content in accordance with ISO 287 at 105 ± 1 °C and 
the results were expressed in percentage.  
Water absorptiveness (Cobb60 value, g/m2) was determined as described in the standard method ISO 535.  
Capillary rise was determined as described in ISO 8787 (ISO 8787: Paper and board –Determination of 
capillary rise – Klemm method).  
Water vapour transmission rate (WVTR) was determined as described in the ISO 2528 standard method 
(ISO 2528: Determination of water vapour transmission rate (WVTR) — Gravimetric (dish) method).  

2.2.2 Compressive strength  

Compressive strength of paper tubes was determined with a pressurised plate, at which failure was 
determined. The test was performed on a tensile testing machine with the plate speed of 13 mm/min, 
standard atmosphere 23 ± 1 °C and 50 ± 2% RH. For each sample, five replicas were done as described in 
the ISO 12192:2011 standard. 
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2.2.3 Insect trials 

Unsexed, mixed-age, 1–2 week old adults obtained from the population of S. zeamais reared in a 
laboratory on durum wheat, with no history of exposure to insecticides, were used in all tests. This 
population was reared under the conditions of 27 ± 1 °C and 70 ± 5% RH. In each test, 50 S. zeamais 
adults were used. The experimental plan duration was 30 days.  
Four different trial series were organised in arenas: 

Trial 1: Sample A with 500 g of spaghetti inside + 50 adults of S. zeamais. 
Trial 2: Sample B with 500 g of spaghetti inside + 50 adults of S. zeamais. 
Trial 3: Sample A with 500 g of spaghetti inside + Sample C + 50 adults of S. zeamais. 
Trial 4: Sample B with 500 g of Spaghetti inside + Sample C + 50 adults of S. zeamais. 

Each trial was replicated 5 times (trial series), using a total of 1000 adults of S. zeamais (Figure 1). After 50 
days, the adults that were outside were counted and the pasta packages were carefully examined, using a 
stereo microscope to check for the presence of both mechanical holes and holes due to the activity of 
insects. All packages were then opened and the adults inside the packages were counted.  

3. RESULTS AND DISCUSSION 

The permeation of water vapour through the packaging material influences the growth of 
microorganisms in food and damages the packaging material within a certain time. When selecting 
suitable materials for food packaging, it is important to analyze the moisture properties as shown 
in Table 2.  

Table 2: Results of moisture properties of sample packaging 

Sample 
Moisture 
content 

[%] 

Cobb 
value 
[g/m2] 

Capillary 
rise 

[mm] 

WVTR 
[g/m2∙day] 

Sample A 
not 

laminated 
10.1 2.15 54.2 3.52 

Sample B 
laminated 

8.9 1.95 34.6 2.34 

Sample C 
foil 

0.2 0.00 0.00 0.004 

It is necessary to consider the material's ability to absorb water (Cobb value), the amount of water vapour 
transmission rate (WVTR) transmitted through a unit area in time under a given temperature and relative 
humidity. Certain methods, such as capillary rise, help to determine where liquid, in our case water, rises 
by capillary action in a vertical strip of paper, cardboard. The results in Table 2 show that the PE film 
(sample C) has excellent resistance to water. On the other hand, the packaging of paper tubes with bio-
film PE showed improved water resistance, especially with an average capillary rise of 19.6 mm compared 
to the non-laminated sample. The same trend could be observed for water vapour, where a decrease in 
transmission through the material by 1.18 g/m2∙day was observed. It is known that when paper comes 
into contact with water, hydrogen bonds between the fibers are broken and replaced by water bridge 
bonds. To protect fibre-fibre bonds and improve wet strength, lamination of board is one of the solutions. 
Laminations of bio- PE enhanced the moisture properties and mechanical properties shown below. 

 
 
 
 

215



 
Table 3: Results of tear and compressive strength of paper tube packaging 

Sample Tear strength 
[mN] 

Compressive 
strength 

[MPa] 

Axial Young’s 
modulus 

[GPa] 

Sample A  
not laminated 

2100 10.13 2.07 

Sample B 
laminated 2300 11.75 2.47 

The compressive strength of the carton packaging depends on several factors, e.g. the weight of the 
carton and its contents, storage conditions, duration and transport conditions (stacking pattern, safety 
factor). The sample A achieved the tear strength of 2100 mN and sample B 2300 mN. 
The average compressive strength at the laminated paper tube was 16% higher. When exposed to the 
axial modulus of elasticity, it was also 2% higher on the laminated tube. This confirms that the packaging 
produced with spiral winding is durable and stable. If it is additionally laminated, the inner part is included 
and stability is increased (Figure 1).  

 

Figure 1: Compressive strength and Axial Young’s modulus of sample A and B 

To check whether some insects have penetrated the commercial packaging, the samples were incubated 
to show the damage to the packaging. The final check was carried out after 50 days, which is the time 
required to complete the biological cycle of S. zeamais. The controls were carried out by opening each 
individual commercial package (sample C) before incubation. The observations on the package did not 
reveal any further damage to the polypropylene film. The observations made on the pasta did not show 
any damage caused by insect activity on the pasta itself. The results show that sample A and sample B 
were not attacked by insects (Table 4), while on sample C, i.e. the packaging of commercial pasta, 
attempts by insects to penetrate the packaging were observed, namely in the parts with transpiration 
micropores normally made on pasta packages. 
The results show that Sample A and Sample B were not attacked by insects (Table 4), while in Sample C, 
i.e. the packaging of commercial pasta, attempts by insects to penetrate the packaging were observed in 
the parts with transpiration micropores normally found on pasta packaging (Figure 2).   
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Table 4: Packaging effect regarding insect infestation. 

 
 
Test 

 
No of  
dead 
adults 

Packaging 
damage 
 

Packaging 
damage 
 

 
Incubation 
for  
50 days 

Check of 
infestation 
after 50 
days Sample  

A 
Sample 
C 

Sample 
B 

Sample 
C 

 
 
Sample A + 50 insects 
 
 

50 No – – – – – 
50 No – – – – – 
50 No – – – – – 
50 No – – – – – 
50 No – – – – – 

 
 
Sample B + 50 insects 

47 – – No – – – 
49 – – No – – – 
50 – – No – – – 
50 – – No – – – 
49 – – No – – – 

 
 
Sample A + Sample C + 
50 insects 

48 No Yes – – – – 
50 No No – – – – 
50 No Yes – – x No 
50 No Yes – – x No 
50 No Yes – – x No 

 
 
Sample B + Sample C + 
50 insects 

50 – – No Yes x No 
50 – – No No – – 
50 – – No No – – 
49 – – No Yes x No 
50 – – No Yes x No 

Damage caused by S. zeamais adults on sample C, packaging made of polypropylene pillow bags with side 
gussets and fin seal. In some cases only trials were found, in other cases the microholes were enlarged to 
allow the insects to enter the packaging (Figure 2). 

 

Figure 2: Damages produced by S. zeamais adults on Sample C, packages of polypropylene pillow pouch with gussets 
and fin seal 

4. CONCLUSIONS 

Infestation may occur during the storage process in production plants, warehouses, general stores and 
retail outlets already colonised by insects derived from other products, and in the home of the 
consumer.In polypropylene pasta packages, which had one or two rows of micro-holes with mechanical 
ventilation on the back, the holes facilitated the penetration of adult insects. The mechanical holes 
present in the packs allow the diffusion of volatile components that attract insects and facilitate the 
penetration of adult insects. When the holes were large enough, adult corn beetles penetrated without 
difficulty, while in other cases, clear signs of insect jawbone were observed, as determined in our tests. 
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Packaged food products are susceptible to infestation along the entire marketing and supply chain 
channels, especially if the packaging is permeable to food odours. 
To prevent insect infestation, the escape of food odours from the packaging can be prevented by the use 
of natural repellents or by the use of barrier materials. Our study found that materials and construction, 
e.g. paper tube packaging, are more effective against insect infestation compared to pillow bags, 
polypropylene packaging. In our case, no infestation was observed within the packaging of two different 
paper tubes without and with a biologically based PE barrier film. The paper tube with bio- PE achieved 
better mechanical and moisture properties; therefore, such packaging could be used for pasta products. 
Moreover, it can be refilled after the first use. The shelf life of the mentioned packaging is long compared 
to traditional polypropylene and other paper packaging on the market. Therefore, in order to obtain 
safer, healthier and higher quality food products, the lamination of paper tubes can be a more effective 
packaging for pasta products. An additional analysis should be carried out to determine the 
toxicological risk. 
The risks of pasta contamination along the processing cycle, from the field raw material to the consumer, 
remain unclear due to specific aspects of carelessness in warehouses and shops and due to the long shelf 
life of the products. For these reasons it would be necessary to pay more attention to the packaging and 
the material used for packaging, which must be resistant to insect infestation. 
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