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Final Report 

Entrapping study  

 

 

State of art 

The adhesion and persistence of microorganisms to the surfaces in contact with foods have the 

potential to spread pathogens and spoilage microorganisms to foods, influencing their shelf-life and 

safety (Barnes, et al. 1999; Bae et al. 2012). On the other hand the surface of equipments and 

materials used for food handling,  processing and storage are considered  as major sources of 

microbial contaminations of foods including fresh produces (Wong 1998; Bae et al. 2012). Several 

studies have showed  the ability of microorganisms to attach to all the surfaces commonly found in 

the food processing environment, such as stainless steel,  polystyrene,  rubber, glass, wood and so 

on (Barnes et al., 1999; Czechowski, 1990; Krysinski et al. 1992; Mafu, et al. 1990; Suárez et al. 

1992). Additionally, if certain microorganisms remain on a given surface for a relatively long time, 

they can continue to replicate and eventually form biofilms (Uhlich et al., 2006). The microbial 

attachment and the eventual biofilm formation, acting as reservoir of spoilage and pathogenic 

species, increase significantly the risk of food contamination with spoilage and/or pathogens 

(Valeriano et al. 2012). In fact, microorganisms can be easily detached  from surfaces and/or 

biofilms and contaminate foods, causing reduced product shelf-life and disease transmission (Shi 

and Zhu, 2009). 

Although no literature data are available on the survival of microorganisms on packaging materials 

(including corrugated cardboard and plastic packages), several studies have shown that various 
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foodborne pathogens including Escherichia coli and Listeria monocytogenes can survive for hours 

or even days on utensils and equipment surfaces (Kusumaningrum et al. 2003; Wilks et al. 2005; 

Wilks et al. 2006; Martinon et al. 2012; Ismail et al. 2013). Fresh produces  have been incriminated 

in several outbreaks caused by E. coli O157:H7, Salmonella spp. and L. monocytogenes (Alegre et 

al. 2010; Scallan et al. 2011; Oliveira et al. 2012; Siroli et al. 2014). In fact, pathogens eventually 

introduced during the production chain may remain until the product consumption due to the 

lacking of treatments able to inactivate the microbial cells. In addition, the interruption of cold 

chain  during distribution, sale and home storage can increase the risk of cross contamination, due 

to the increase of microbial growth rates both on the surfaces and the products. To increase the 

limited shelf-life of fresh produce, the tendency is to  pack unripe fruit and vegetable negatively 

affecting their sensory features. Consequently, controlling the permanence of microorganisms to 

surfaces, including packaging materials is fundamental in reaching food safety standards and 

improving the overall quality (i.e. texture, flavor, aroma) and shelf-life of fresh produce.  

The literature data on the contamination levels of packaging materials are few and fragmentary. 

However they demonstrated that packaging materials can be contaminated by spoilage and 

pathogenic microorganisms (Suominen et al. 1997; Ismail et al. 2013). The cell loads normally 

detected for mesophylic aerobic bacteria ranged between 10
3
 e 10

6
 CFU/cm

2
 for packages of 

recycled materials and between 10
2
 e 10

5
 CFU/cm

2
 for products based on virgin fibers (Suominen et 

al. 1997). The wide variability is mainly due to the differences in  chemical-physic features of 

packaging materials but also in logistic. The few literature data show that spore-forming bacteria 

(belonging to the genera Bacillus, Geobacillus, Alicyclobacillus e Clostridium) and moulds 

(belonging mainly to the species Aspergillus niger, A. cinnamomeus and Cladosporium herbarum) 

prevail on packaging microbiota. They are widespread microorganisms, resistant to adverse 
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environmental conditions and endowed with high spoilage potential (Binderup et al. 2002; Turtoi 

and Nicolau 2007). However, also yeast and other spoilage bacteria can be present on packaging 

materials. To avoid and/or minimize this issue, the use of appropriate packaging is essential, since it 

acts as a barrier that can protect fresh food from contamination (Campos et al., 2014). The 

importance of paper-based materials has been already recognized for many years. The greatest 

benefit of these ones in comparison to plastic materials is their comparatively minimal  impact on 

our environment and biodegradability (Levi et al. 2011; Hladikova et al., 2015).  

However, although the Regulation (EC) No 852/2004 on materials and articles intended to come 

into contact with food stipulates that “the packaging must not  be a source of food contamination”, 

the real contribution of the packaging material in product contamination is not very simple to be 

quantified due to the impossibility to establish “a priori” the level of the naturally occurring fruit 

and packaging microflora. In addition, the microbial survival, growth or death on the packaging 

materials, and consequently their role in cross contamination of packed fruits, are affected by 

environmental conditions, including storage temperature, relative humidity and nutrient availability 

(Siroli et al., 2014; De Candia et al., 2015). Also the growth potential of the  microorganisms on 

fruit surface is affected by the intrinsic features of fruit species and variety (i.e.specific surface 

features, acidity, sugar content and so on), by the ripening and by the presence of wounds and 

exudates (Heaton and Jones, 2008). 

Recently Patrignani et al. (2016) demonstrated, though  challenge tests and a modeling approach, 

that the transferring capability of Escherichia coli, Pseudomonas spp. and Saccharomyces 

cerevisiae form cardboards and RPC (Reusable Plastic Containers) to the packed peaches was 

significantly higher in platic that in cardboard. The Authors demonstrated that the use of cardboard, 

compared to plastic, can significantly reduce the potential of  microbial transferring from packaging 
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to fruits. The probabilistic and kinetic models used showed a higher microbiological qualities of 

peaches stored in cardboard boxes. The Authors hypothesized that the best performances of 

cardboard were due to its capability to entrap microbial cells. However, since no literature data 

demonstrate the entrapping capability of cardboard, a study aimed to compare corrugated and 

plastic materials in order to understand their entrapping capability of different microbial species 

was set up. For this study, pathogenic (L. monocytogenes, E. coli, S. entiritidis) and spoiling 

microorganisms (S. cerevisiae, Lactobacillus plantarum, Pseudomonas spp) were considered as 

target organisms. They were inoculated on corrugated and plastic surfaces at level ranging between 

2 and 7 log CFU/cm
2
 of packaging materials. The range of contamination levels was chosen on the 

basis of literature data and our previous survey on the microbiological quality of packaging 

materials for fresh produce. 

After the inoculations, the contaminated  materials dried to air were stored at environmental 

temperature and sampled at different times in order to recover the inoculated microorganisms and to 

evaluate their survival capability on the considered surfaces. The cell loads over time of the 

inoculated microorganisms were evaluated using the suitable selective growth media and conditions 

for each target microbial species. 

Moreover, the inoculated corrugated surfaces were studied by SEM (scanning electron microscopy) 

to understand the fate of the inoculated microorganisms. In fact, this technique permits to show the 

microbial cells eventually entrapped inside the corrugated fibers. An increase of the number of the 

cells entrapped within the corrugated fibers clearly demonstrate the reduction of the superficial 

contamination level and consequently, the microbial capability to cross contaminate the packed 

material. We chase to perform the SEM analyses on plastic inoculated only with Lactobacillus 
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plantarum due to the compact structure (lacking of pores able to entrap microorganisms) of this 

kind of materials.  

 

Material and Methods 

Microbial strains and growth conditions 

In this study were used both pathogenic and spoilage microorganisms frequently associated to fruits 

and vegetables. In particular, the strains Escherichia coli 555, Listeria monocytogenes SCOTT A, 

Salmonella enteritidis E5, Saccharomyces cerevisiae spa, Lactobacillus plantarum 82 and 

Pseudomonas fluorescens 4T04, belonging to the Department of agricultural and Food Science of 

Bologna University, were used. 

All the strains employed in this study, with the exception of S. cerevisiae, were grown on Brain 

Heart Infusion broth (BHI, Oxoid Ltd, Basingstoke, UK) and incubated at 37 °C for 24 h. S. 

cerevisiae was grown in Yeast extract Peptone Dextrose broth (YPD, Oxoid Ltd, Basingstoke, UK). 

 

Entrapping capability of corrugated compared to plastic 

Corrugated and plastic surfaces were used for the entrapping study. The size of the surfaces were 5 

cm
2
 both for corrugated and plastic. 

The target microorganisms were inoculated in the considered surfaces separately and at three 

different inoculum levels (ranging between 2 and 6 log cfu/cm
2
). The inoculums of the target 

microorganisms were prepared from the pre-inoculum by making serial dilutions in physiological 

solution, and the 5 cm
2
 surfaces were inoculated with 500 µL. The inoculated surfaces were dried at 

room temperature and sampled after 1, 8, 24 and 48 h. To recover the microorganisms, a swabbing 
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method (Ismail et al., 2013) was adopted by using a classic hygienic cotton swab moistened in 0.1% 

sterile peptone water. Then the swab was immersed in 10 mL of Maximum Recovery Diluent 

(MRD) and if necessary serial dilution in MRD broth were performed. Finally, the microorganisms 

were enumerated in selective medium on the basis of the target microorganisms. In particular, the 

selective medium employed were Listeria selective agar base (Oxoid Ltd, Basingstoke, UK) for the 

enumeration of Listeria, Violet Red Bile Agar (Oxoid Ltd, Basingstoke, UK) for the enumeration of 

E. coli, Bismuth Sulphite Agar (Oxoid Ltd, Basingstoke, UK) for the enumeration of Salmonella, 

Pseudomonas Agar Base (Oxoid Ltd, Basingstoke, UK) for the enumeration of Pseudomonas, YPD 

for the enumeration of S. cerevisiae and de Man Rogosa and Sharpe (MRS, Oxoid Ltd, 

Basingstoke, UK) for the enumeration of L. plantarum. 

Three repetitions of each analyses were performed 

 

Scanning Electron Microscopy (SEM) analyses 

The SEM analyses were performed on corrugated surfaces, inoculated separately with at a level of 6 

log cfu/cm
2
 with L. monocytogenes, E. coli, S. cerevisiae and L. plantarum and Aspergillus flavus 

after 1, 24 and 48h. Moreover, a trial on corrugated surfaces inoculated with a mixture of all the 

target microorganisms was performed. Furthermore analyses on plastic surfaces not inoculated and 

inoculated with L. plantarum were performed. 

The protocol used for the SEM analyses is the same reported by Serrazanetti et al. (2015). 

 

Results 

Cell loads of spoilage microorganisms in relation to inoculation level, packaging material and 

storage time 
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The cell loads recorded during the storage at environmental temperature of Labctobacillus 

plantarum in relation to the inoculation levels (ranging between 4 and 7 log CFU/cm
2
) and the 

packaging materials are shown in figure 1. The cell loads of this spoilage microorganism decreased 

over time independently on the inoculation level and packaging materials. However, the cell load 

decrease was significantly  faster in cardboard  compared to plastic materials. In fact, after 24 h of 

storage the Lactobacillus plantarum cell load decreases were higher than 5 log CFU/cm
2
 in 

cardboard  and less than 3 log CFU/cm
2
 in plastic material. In addition on cardboard material, when 

the inoculation levels were of 4-5  log CFU/cm
2
, Lb. plantarum resulted under the detection limit 

(0.5  log CFU/cm
2
 ) after 8 and 24 h of storage at environmental temperature, respectively. By 

contrast, also considering the lowest inoculation level, cell loads under the detection limits were 

never recorded on plastic materials. 

 

A 
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B 

 

C 

Figure 1 (A, B, C) Cell loads recorded during the storage at environmental temperature of 

Labctobacillus plantarum in relation to the inoculation levels, 7 log CFU/cm
2
 (A), 5 log CFU/cm

2
 

(B) and 4 log CFU/cm
2
 (C) and the packaging materials. 
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The cell loads recorded during the storage at environmental temperature of another important 

spoilage agent, such as Pseudomonas fluorescens, in relation to the inoculation levels (ranging 

between 3 and 6 log CFU/cm
2
) and the packaging materials are shown in figure 2. The same 

behavior of Lb. plantarum in relation to the packaging material was observed. However, Ps. 

flurescens resulted more sensitive to the environmental conditions, decreasing more quickly its 

viability both on plastic and cardboard materials. In fact, with an inoculation level of 3 log 

CFU/cm
2
, it reached contamination levels under the detection limit after 1 h and 8 h in cardboard 

and plastic, respectively.  When the inoculation level increased to 4 log CFU/cm
2
, Ps. flurescens 

dropped under the detection limit after 1 h and 48 h in cardboard and plastic materials, respectively. 
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B 

 

C 

Figure 2 (A, B, C) Cell loads recorded during the storage at environmental temperature of 

Pseudomonas fluorescens  in relation to the inoculation levels, about 6 log CFU/cm
2
 (A), about 4 

log CFU/cm
2
 (B) and about 3 log CFU/cm

2
 (C) and the packaging materials. 
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 Among the spoilage microorganisms considered, S. cerevisiae resulted (figure 3) the most resistant 

to the environmental conditions, showing the lowest cell load reductions. In fact, cell load decreases 

down to the detection limit, were observed after 24 h only on cardboard surfaces and with a 

contamination level of about 3 log CFU/cm
2
 . However, significant differences in terms of S. 

cerevisiae cell loads between plastic and cardboard were observed independently on the inoculation 

levels and storage times. 
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B 

 

C 

Figure 3 (A, B, C) Cell loads recorded during the storage at environmental temperature of 

Saccharomyces cerevisiae  in relation to the inoculation levels, about 6 log CFU/cm
2
 (A), about 5 

log CFU/cm
2
 (B) and about 4 log CFU/cm

2
 (C) and the packaging materials. 
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The reduction of the superficial cell load levels of all the spoilage microorganisms inoculated on the 

surfaces of the packaging materials  clearly indicated the decrease of the contamination potential of 

cardboard compared to plastic material of packed fruit. The reduction of spoilage microorganism 

cross contamination due to the packaging material is considered fundamental to increase the fruit 

shelf-life and quality. 

 

Cell loads of pathogenic microorganisms in relation to inoculation level, packaging material 

and storage time 

The cell loads recorded during the storage at environmental temperature of Salmonella enteritidis  

in relation to the inoculation levels (ranging between 2 and 5 log CFU/cm
2
) and the packaging 

materials are shown in figure 4. The cell loads of this pathogenic species decreased over time 

independently on the inoculation level and packaging material used. However, the cell load 

decrease was significantly  faster in cardboard  compared to plastic materials.  

In fact, with inoculation levels of about 2 and 3 log CFU/cm
2
, Salmonella enteritidis  reached cell 

loads under the detection limit (1.0 log CFU/cm
2
) after 1 h and 8 h on cardboard and plastic 

surfaces, respectively. When the inoculation level increased to about 5 log CFU/cm
2
, this 

microorganism decreased its cell loads under the detection limit after 8 h and 48 h in cardboard and 

plastic surfaces, respectively. Similar results were obtained for Escherichia coli, as shown by figure 

5.  
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C 

Figure 4 (A, B, C) Cell loads recorded during the storage at environmental temperature of 

Salmonella enteritidis  in relation to the inoculation levels, about 5 log CFU/cm
2
 (A), about 3 log 

CFU/cm
2
 (B) and about 2 log CFU/cm

2
 (C) and the packaging materials. 
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B 

 

C 

Figure 5 (A, B, C) Cell loads recorded during the storage at environmental temperature of 

Escherichia coli  in relation to the inoculation levels, 6 log CFU/cm
2
 (A), 4 log CFU/cm

2
 (B) and 3 

log CFU/cm
2
 (C) and the packaging materials. 
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As shown by figure 6, with inoculation level of about 3 log CFU/cm
2
, also Listeria moniocytogenes, 

a very dangerous psycrothrofic Gram positive food pathogen, decreased its cell load under the 

detection limit within 1 and 8 h of storage at environmental conditions on cardboard and plastic 

surfaces, respectively. As expected, this pathogenic species was more resistant to the environmental 

conditions compared to the Gram negative species considered (Salmonella enteritidis, Escherichia 

coli and Pseudomonas fluorescens). In any case, the decrease of Listeria monocytogenes cell load 

was significantly higher on  cardboard that on plastic surface. 
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B 

 

C 

Figure 6 (A, B, C) Cell loads recorded during the storage at environmental temperature of Listeria 

monocytogenes  in relation to the inoculation levels, about 6 log CFU/cm
2
 (A), about 4 log 

CFU/cm
2
 (B) and about 3 log CFU/cm2 (C) and the packaging materials. 
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The reduction of the superficial cell load levels of all the pathogenic  microorganisms inoculated on 

the surfaces of the packaging materials clearly showed the reduction of the contamination risk  in 

fruit packaged in cardboard compared to that packaged in plastic material. The reduction of 

pathogen cross contamination due to the packaging material is fundamental to increase the fruit 

safety features and to reduce the risk of food borne diseases associated to the intake of fruits and 

vegetables. The role contact surface in the contamination of food is widely recognized and 

consequently in Europe ECR 852−2004 regulate and specify the  measures that should be taken to 

ensure safe contact between products and packaging material and to avoid chemical and microbial 

contamination. For example, there are specific standards for pathogens in the Annex 1 (Carpentier 

and Barre 2012). 

 

SEM study  

 

To understand the if the cell load reductions observed were due to the cell viability losses due to the 

environmental conditions or to the entrapment of the microorganisms within the cardboard fibers, 

the inoculated surfaces were studied through SEM technique.  

The microphotographs obtained showed, independently on the microbial species considered, the 

great capability of cardboard to entrap the microbial cells contributing in a significant manner to 

reduce the superficial contamination level in terms of both spoilage and pathogenic microorganisms 

and, consequently, its role in the contamination of packed fruit with the same  microorganisms. In 

fact, the microstructure of the cardboard showed pores ranging between few microns to hundreds of 

microns (Figure 7A). Microbial cells considered in these study have dimensions ranging between 

0.7 microns (Listeria monocytogenes) to  about 10 microns (Saccharomyces cerevisiae). 
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By contrast, plastic material (figure 7B) showed a smooth, plane and homogeneous surface  without 

hole, and micro-pores able to entrap microorganisms.  

On the other hand it is well known that the microbial contamination of surfaces, the survival of 

microorganisms and their eventual growth or death rates  depend on their characteristics, such as 

smooth, rough, porous, or irregular, and their state, for example before or after the cleaning process, 

new or old, dry or wet (Ismail et al. 2013; Luke and Skowyrska, 2015; Montibus et al. 2016).  

 

 

By contrast, on the plastic surfaces  (even if new and sanitized very well)  were evident cuts and  

scratches due to the re-usage  able to recover in case of inappropriate cleaning and sanitization 

processes organic matter in which microorganisms are reported to proliferate. 

 

                                   A                                                                            B 

Figure 7 (A, B) SEM microphotographs of cardboard (A) and plastic (B). In figure A the presence 

of pores is evident, while in figure B a smooth, plane and homogeneous surface with the presence 

of a clear scratch is evident. 



 
 

DIPARTIMENTO DI SCIENZE E TECNOLOGIE AGRO-ALIMENTARI 

 

 

ALMA MATER STUDIORUM • UNIVERSITA’ DI BOLOGNA 

VIALE G. FANIN, 50 – 40127 BOLOGNA - ITALIA – AMMINISTRAZIONE: Tel.  +39.051.2096350 - +39.051.2096351 – Fax +39.051.2096355 

http://www.distal.unibo.it/it 

 

The figures, reported below and relative to L. monocytogenes, E. coli, S. cerevisiae and L. 

plantarum vegetative cells and Aspergillus flavus conidia after 1, 24 and 48h., show the 

microorganisms entrapped within the cardboard fibers and pores. After 24-48h, depending on the 

microbial species considered, the lyses also of the entrapped cells are evident. This means that also 

the entrapped cells, due to the lack of nutrient inside the cardboard fibers, die over time. This 

phenomenon is particularly evident  in Saccharomyces cerevisiae and L. monocytogenes. 

Also the conidia of  Aspergillus flavus were entrapped within  the cardboard fibers. No mycelia 

growth was observed when the cardboard was completely dried after inoculation  but with high 

relative humidity the growth of the mould mycelia was evident inside cardboard after 24 and 48 h. 

Moulds are important spoilage agents of fruits and vegetables. So their proliferation on packaging 

material should be avoided in order to prevent the cross contamination of the packaged fruits. So 

the storage of cardboard packaging materials at low relative humidity is fundamental to prevent the 

mould growth and the increase of their cell loads on the food contact surfaces . On the other hand 

also previous studied conducted by UNIBO for Bestack showed that the logistic and the storage 

environmental conditions are fundamental to assure a high microbiological quality of cardboard.  
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D 

Figure 8 (A, B, C, D) Presence of the inoculated Lactobacillus plantarum on cardboard surface 

after 1h (A), 24h (B), 48h (C) and after 24h on cardboard in which has been removed the surface 
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layer (D). In figure A, B, and C the presence of microbial cells in pores formed between cardboard 

fibers is evidenced. In figure D it is highlighted the presence of microbial cells in cardboard which 

has been removed the surface layer. 

 

 

Figure 9 Presence of the inoculated Lactobacillus plantarum on plastic surface after 1h. It is clear 

that in a smooth surface the microbial cells are not entrapped. The microbial cells remain all on the 

surface of the packaging material. 
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B 

 

C 

Figure 10 (A, B, C) Presence of the inoculated Saccharomyces cerevisiae on cardboard surface 

after 1h (A), 24h (B), 48h (C). In figure A and B is evidenced the entrapping of microbial cells in 

pores formed between cardboard fibers. In figure C the cell lyses also of entrapped cells is outlined  

by the red harrow.  
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C 

Figure 11 (A, B, C) Presence of the inoculated Escherichia coli on cardboard surface after 1h (A), 

24h (B), 48h (C). In figure A and B is evidenced the presence of pores and the entrapping of 

microbial cells between cardboard fibers. In figure C, the E. coli lysis also of entrapped cells is 

outlined  by the red harrow.  

 



 
 

DIPARTIMENTO DI SCIENZE E TECNOLOGIE AGRO-ALIMENTARI 

 

 

ALMA MATER STUDIORUM • UNIVERSITA’ DI BOLOGNA 

VIALE G. FANIN, 50 – 40127 BOLOGNA - ITALIA – AMMINISTRAZIONE: Tel.  +39.051.2096350 - +39.051.2096351 – Fax +39.051.2096355 

http://www.distal.unibo.it/it 

 

A 

 

B 



 
 

DIPARTIMENTO DI SCIENZE E TECNOLOGIE AGRO-ALIMENTARI 

 

 

ALMA MATER STUDIORUM • UNIVERSITA’ DI BOLOGNA 

VIALE G. FANIN, 50 – 40127 BOLOGNA - ITALIA – AMMINISTRAZIONE: Tel.  +39.051.2096350 - +39.051.2096351 – Fax +39.051.2096355 

http://www.distal.unibo.it/it 

 

C 

Figure 12 (A, B, C) Presence of the inoculated Listeria monocytogenes on cardboard surface after 

1h (A), 24h (B), 48h (C). In figure A, B and C the presence of pores and the entrapping of microbial 

cells between cardboard fibers is evidenced.  
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C 

Figure 13 (A, B, C) Presence of the inoculated Listeria monocytogenes, Escherichia coli, 

Lactobacillus plantarum and Sachharomyces cerevisiae inoculated together on cardboard surface 

after 1h (A), 24h (B), 48h (C). In figure A and B the presence of pores and the entrapping of 

microbial cells between cardboard fibers is shown. In figure C the cell lysis after 48h is indicated. 
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D 

Figure 14 (A, B, C, D) Presence of the inoculated Aspergillus flavus on cardboard surface after 1h 

(A), 24h (B), 48h (C) in the presence of high relative humidity, and after 48h in a dry environment 

(D). The spores resulted not germinated after 1h (A), while after 24h and 48h in the presence of 

high relative humidity a germination of the spore is clear and evidenced by the presence of mycelia 

and conidiophore (B and C). By contrast, after 48h in a dry environment no mycelia growth was 

observed. 

 

An increase of the number of the cells entrapped within the corrugated fibers clearly demonstrate 

the reduction of the superficial contamination level and consequently, the microbial capability to 

cross contaminate the packed material. We chase to perform the SEM analyses on plastic inoculated 
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only with Lactobacillus plantarum due to the compact structure (lacking of pores able to entrap 

microorganisms) of this kind of materials.  

Conclusions 

The data clearly demonstrated that the microorganisms inoculated on the surface decreased their 

cell loads  more quickly on cardboard surfaces than on plastic ones, as demonstrated by the plate 

counting on specific culture media. This phenomenon was observed for all the target 

microorganisms considered, including pathogenic and spoilage microorganisms of food interest. As 

expected Gram positive bacteria and yeasts resulted more resistant to the environmental conditions 

independently on the packaging material considered. The SEM microphotographs showed the 

reduction of superficial contamination on cardboard surfaces was due to the entrapping of the 

microbial cells within the  fibers and the pores of this packaging materials. The micro-photos 

recorded over time clearly demonstrated that the entrapped cells of yeasts and bacteria were unable 

to proliferate. By contrast, they underwent to lysis due to the absence of nutrients and water. Also 

the conidia of Aspergillus flavus showed the same behavior if the cardboard material was 

appropriately dried after the inoculation. However, with high relative humidity the growth of A. 

flavus mycelia was evident inside cardboard after 24 and 48 h. Moulds are important spoilage 

agents of fruits and vegetables and their proliferation on packaging material should be avoided in 

order to prevent their cross contamination of the packaged fruits reducing the fruit shelf-life. 

Consequently the storage and supply of cardboard at low relative humidity are fundamental to 

prevent the mould growth and the increase of their cell loads on packaging materials. Otherwise 

also previous studies conducted by UNIBO for Bestack showed that the logistic and the storage at 

environmental conditions can affect in a significant way the microbiological quality of cardboard.  

This research is a fundamental study to demonstrate the better performances of corrugated 
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cardboard compared to plastic and to confirm previously data obtained in other studies performed 

for FEFCO and Bestack. They represent also an objective evidence of the hypothesis of Patrignani 

et al. (2016) on the reduced cross-contamination potential of corrugated compared to plastic due to 

the entrapment of spoilage and pathogenic cells inside this packaging  materials.  

The role of microstructure of packaging materials in the transferring of microorganism to fruits   

had been recently underlined also by Montibus et al. (2016). These authors showed through a 

challenge test that poplar crates, being a porous material, guaranteed a reduced cross contamination 

Penicillium expansum conidia and Escherichia coli of packaged apples.  These Authors showed that 

P. expansum conidia survived but did not grow on wood specimens if the absorption of humidity 

was prevented. They showed also that  E. coli decreased its cell loads on the poplar crate surfaces  

after one hour from the inoculation. Also these Authors attributed the reduction of superficial cell 

loads and of the apple contamination potential to the entrapping capability of poplar wood without 

demonstrating it with SEM analyses.  In fact wood, analogously to corrugated  is a rough and 

porous material. Poplar, in particular, has numerous small pores, almost uniform and evenly 

distributed throughout a growth ring  (Jacquiot, Trenard, & Dirol, 1973). So in our knowledge this 

is the first research that clearly demonstrate through a microscopic technique the microorganism 

entrapping capability of corrugated. 

 

Cesena, 7
th
 June 2016      The scientific Responsible  

        Prof.ssa Rosalba Lanciotti 
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