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INTRODUCTION
The reports of FAO and the WHO state that millions of food borne diseases are registered every year1. The food poisonings cause, among others, immense economic burden due to food recall 

and medical treatments.  Moreover, it is also reported that: i) food availability and safety are under threat and that by 2050 global production of safe food must increase by 70% to feed the 

growing world population; ii) a huge amount of food (~ 40% =1.3 billion tons/year) is lost between the stages of production and consumption, with a wasted investment for the farmers, an 

increase of the cost for consumers and a burden for the environment. The material used are: PLA2, biodegradable polymer, for primarily concerns about plastic waste accumulation; Zinc Oxide 

(ZnO) particles (obtained by spay pyrolysis) to improve mechanical and barrier properties of PLA and provide antibacterial properties. Films of PLA/ZnO 95/5 obtained by melt mixing were 

used. The rationale for choosing this specific composition was that a previous study3 has demonstrated that this system present improved mechanical and barrier properties and exhibits 

significant antibacterial activity against E. coli. 

In this study it was evaluated the effect of low γ-radiation dose(0.3 kGy) and ZnO(5%wt) particles in PLA on microbial contamination by S. enterica, E. coli and L. innocua inoculated on ham 

slices, stored at 4°C. The combination of γ-radiation and ZnO on PLA film allowed to enhance the antimicrobial properties on tested bacteria and provide safer food with longer shelf life.

EXPERIMENTAL PART

MATERIALS

PROCESSING CONDITIONS

1)To improve the dispersion of ZnO in PLA a masterbatch with composition PLA 80% 

and ZnO 20% was prepared by mixing of the components by using a twin-screw 

extruder, Collin ZK 25.The masterbatch was diluted in PLA to obtain the desired 

composition (5% by weight of ZnO).

2)Films were prepared with calender Collin Teach –Line E20T/CR72T .

The temperatures used are: 

Zone 1: T=160°C  ;  Zone 2: T=170°C; Zone 3: T=180°C               

Zone  4: T=170°C ;   Zone 5: T=180°C.

CONCLUSIONS

Material PLA 4032D

Producer Nature Works®

Mn (g/mol)* 1.3 x 105

Mw (g/mol)* 2.1 x 105

Mn/Mw 1.56

Tm (°C) 160

Tg (°C) (measured by DSC) 58

Density (g/cm3) 1.24

1. Polylactic Acid 2. ZnO obtained by 

spray pirolysis

*The Value of Mn and Mw was calculated by GPC analysis at 
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Material ZnO

Producer PYLOTE

Average 

particle 

diameter   

(dry) (nm)

100-500

Purity 100%

SEM micrograph of PLA film fractured in liquid 

nitrogen (5000X)

PLA surfaces is homogeneous whereas PLA/5%ZnO shows agglomeration of ZnO particles 

fairly distributed in the PLA matrix with an average size of about 1.2 µm.

MORPHOLOGICAL ANALYSIS

SEM micrograph of PLA/5% ZnO film fractured 

in liquid nitrogen (6000X)
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ANTIMICROBIAL TESTS
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It has been investigated the effect of ZnO in PLA film and of gamma irradiation treatment, 

singularly and combined, on the shelf life of packed ham inoculated with bacteria suspension of 

L. innocua, E. coli and S. enterica. It was found that the only presence of ZnO on PLA surface 

film, wrapping the ham, was not sufficient to reduce significantly the bacteria. The combined 

treatments, instead, induced a higher reduction of bacteria, showing a complete inhibition of S. 

enterica and E. coli after 5 days of storage. 

After the ham inoculation and the storage at 4°C the PLA film does not show antibacterial

effect, contrary the irradiated PLA; PLA/5% ZnO film shows antibacterial effect, in particular

when it is irradiated by γ-radiation (0.3 kGy). There is a synergistic effect between the ZnO

particles and the radiation. The bacteria Gram-negative (E. coli and S. enterica) are more 

sensitive to gamma radiation than the bacteria Gram-positive (L. innocua).

COMBINATION EFFECTS OF GAMMA RADIATION AND 

ZnO ON PLA BASED FILMS FOR  FOOD PACKAGING


