
SLIM 2019 
Shelf-life International Meeting 

Naples (IT), 17-20 June 2019 

Edited by 

G.G. Buonocore & E. Torrieri 

Special Issue 

CHIRIOTTI EDITORI 



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

This Special Issue of the Italian Journal of Food Science collects the presentations given at the 
“SLIM 2019, Shelf-Life International Meeting” organized by the Italian Scientific Group of 
Food Packaging (GSICA), the Department Of Agricultural Science, University Of Naples 
Federico II and the Institute Of Polymers, Composites And Biomaterials, National Research 
Council, held in Naples, Italy, on June 17-20, 2019. 
These papers were reviewed by the Scientific Committee of SLIM 2019 before their 
presentation but they did not undergo the conventional reviewing system of the Italian 
Journal of Food Science. 

	
	
	
	
	
	

©Copyright 2019 
Chiriotti Editori srl - Pinerolo - Italy 

	
	

ISSN 1120-1770 



CONTENTS 
	
	

SESSION I 
“Shelf Life Assessment and Prediction” 

	
Application of Moringa seed as sweetness-inducing substance  
C. Methakullawat and Y. Lorjaronephon ....................................................................................................... 1 

	
Food life extension by cellulose nanocrystals coatings  
G. Fotie, L. Amoroso, S. Limbo, G. Muratore and L. Piergiovanni .............................................................. 8 

	
Effect of L-glutamine addition on aroma of coconut sugar 
S. Mesiri and Y. Lojaroenphon .......................................................................................................................... 15 

	
Oxidation kinetics of ready to use therapeutic food formulations 
N.A. Miele, V. Armini, A. Borriello, E. Torrieri, R. Sacchi and S. Cavella ................................................ 22 

	
Quality indices of cheese oxidation during storage 
L. De Luca, A. Aiello, F. Pizzolongo, M. Valentino, E. Torrieri and R. Romano ....................................... 27 

	
Shelf life study of edible wild flowers 
V. Rizzo, S. Toscano, B. Messina, G. Muratore and D. Romano ................................................................. 32 

	
Effect of packaging on volatile profiles of mulberry tea  
A. Ruengdech, U. Siripatrawan, S. Limbo, S. Benedetti and S. Buratti .................................................... 37 
 
Kinetics of alteration of packed red meat hamburgers 
M. Valentino, L. De Luca, R. Zullo, R. Romano and E. Torrieri ................................................................ 44 
 
Sensory changes of packed focaccia during storage time 
S. Volpe, N. Vitiello, S. Puleo, E. Torrieri, P. Masi and R. Di Monaco ..................................................... 49 

 
 

SESSION II 
“New Technologies for Shelf Life Extension” 

	
Features of heated chitosan-maltodextrin solutions 
T. Kaewtathip and U. Klinkesorn ..................................................................................................................... 54 

	
Shelf life extension of berries using in-pack ozone 
L. Crozier, S. Park, E. Munn, D. Ibanez, N. Holden and H. Potts ............................................................... 60 

	
Study on eugenol loaded antifungal polymeric composites 
M. Kim, A. Boonsiriwit, J.W. Joung, Y. Xiao and Y.S. Lee ........................................................................... 67 

	
Releasing of Michelia alba component against mould  
S. Songsamoe, S. Limbo, L. Piergiovanni and N. Matan .............................................................................. 73 

	
Development of a brine for mozzarella preservation  
M. Faccia, G. Gambacorta, G. Natrella, G. Squeo, G. Difonzo and F. Caponio ....................................... 79 

	
Alternative pre-treatment for organic trimmed aromatic coconut 
D.T.N. Nguyen and S. Tongchitpakdee ............................................................................................................. 85 

	
Effect of packaging on quality of fresh-cut kiwi 
P. Nuamduang, V. Chonhenchob and P. Leelaphiwat ................................................................................... 90 

 
Potential of forward osmosis on concentrated lime juice 
K. Saengrungnapaphan, M. Thanuttamavong and S. Tongchitpakdee ...................................................... 96 

 
Calcium impact on xanthan gel and frozen coconut quality 
T. Uan-On, C. Rachtanapun, D. Chung, J.W. Jhoo, G.Y. Kim and W. Boonsupthip ................................ 101 

 
 



SESSION III 
“Safety Issues of Packaging Materials” 

	
Migration testing of low temperature surface hardened stainless steels  
A. Friedrich ........................................................................................................................................................... 109 

 
 

SESSION IV 
“New Materials for Shelf Life Extension” 

	
‘Phulae’ pineapple leaf molded pulp tray with ZnOPs 
T. Suwanno, N. Soykeabkaew and W. Tongdeesoontorn ............................................................................. 116 
 
Antimicrobial nanofibers in food active packaging 
I.J. Rodriguez Sanchez, C.M. Zuluaga-Domínguez, P.J. Pérez Espitia, D. Clavijo-Grimaldo, 
M.S. Cosio and C.A. Fuenmayor ....................................................................................................................... 122 

 
Features of chitosan-gelatin films loaded with plant extracts  
H. Haghighi, H.W. Siesler, F. Licciardello and A. Pulvirenti ...................................................................... 128 

 
Effect of coconut pad with lime oil on vegetables  
P. Parichanon, N. Matan and N. Matan ......................................................................................................... 134 

 
Phlorotannins content of Gracilaria spp. hydro-ethanolic extracts 
M.A. Andrade, J. Reboleira, S. Bernardino, R. Ganhão, S. Mendes, F. Vilarinho, G.G. Buonocore, 
F. Ramos and A. Sanches-Silva ........................................................................................................................ 139 

 
New antioxidant LDPE films containing apple and ginger extract 
B. Galzerano, M. Stanzione, M. Lavorgna, A. Sanches Silva, M.A. Andrade, F. Vilarinho, 
F. Ramos and G.G. Buonocore .......................................................................................................................... 143 

 
Development of cutin-based antioxidant films  
M. Stanzione, B. Galzerano, M. Lavorgna, H. Aloui, K. Khwaldia and G.G. Buonocore ...................... 148 

 
Annealing of acid-modified rice starch to use as a thickening agent 
J. Aryupong, P. Suwannaporn, A. Fuongfuchat and S. Gohtani ................................................................. 155 

 
Transglutaminase crosslinking to improve quality of rice flour gel 
P. Netrprachit, M. Ogawa and P. Suwannaporn .......................................................................................... 163 

 
Active antimicrobial collagen Casing 
J. Tantala, K. Vangnai, P. Rachtanapun and C. Rachtanapun ................................................................... 171 

 
Recent applications of montmorillonite in food packaging 
F. Vilarinho, M. F. Vaz, G.G. Buonocore and A. Sanches Silva .................................................................. 176 

 
Packaging of PLA for minimally processed carrots 
A. Zappia, A. De Bruno and A. Piscopo .......................................................................................................... 181 

 
 

SESSION V 
“Sustainability and Shelf Life” 

	
Olive leaf extract as natural preservative 
G. Difonzo, G. Squeo, M. Calasso, A. Pasqualone, C. Summo, V.M. Paradiso, R. Silletti, 
G. Gambacorta, M. Faccia and F. Caponio ......................................................................................................... 187 

 
Production of calcium-rich snack from salmon bone 
P. Hirunrattana and K. Limpisophon ............................................................................................................. 192 
 
Antioxidant activity of bio-coatings for food packaging 
A. Apicella, P. Scarfato, L. Di Maio and L. Incarnato ................................................................................. 198 

 
Enzymatic study for valorization of plant wastes  
C. Covino, A. Sorrentino, G. Roscigno, A.P. Vece, P. Masi and P. Di Pierro ........................................... 204 

 
Carrangeenan cryoprotectant of frozen coconut meat 
K. Rattanaporn, M. Cahyadi, K. Kato and W. Boonsupthip ...................................................................... 210 

 
Enzymatic modification of proteins and peptides from oilseeds by-products 
S. Marulo, A. Sorrentino, A. Ramondo, A. Falciano, P. Motti, P. Di Pierro and P. Masi ..................... 217 
 



	

27 

 
 
 
 
 
 

QUALITY INDICES OF CHEESE OXIDATION 
DURING STORAGE 

 
 
 
 
 

L. DE LUCA*1, A. AIELLO2, F. PIZZOLONGO2, M. VALENTINO1, E. TORRIERI2 
and R. ROMANO2 

1Centro di Competenza (CRdC) Tecnologie Scarl, Via Nuova Agnano 11, 80125 Napoli, Italy 
2Department of Agricultural Sciences, University of Naples, Portici, Italy 

*Corresponding author: lucia.deluca@unina.it 
 

 
 
 
 

ABSTRACT 
 
The objective of the work was to identify the quality indices of lipid oxidation of Grana 
Padano cheese and to optimize the methods for their determination. Cheese was stored at 
4°C and at 20°C for 60 days. Free fatty acids (FFA) content, peroxide value (PV) and 
volatile organic compounds (VOC) were studied during storage. No difference for FFA 
values in cheese during the storage was found, while PV increased after 60 days at 20°C. 
The concentration of VOC increased during the storage. Results showed that VOC were 
the best quality indices to discriminate samples during storage. 
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1. INTRODUCTION 
 
Lipid oxidation is one of the processes responsible for the reduction in food shelf-life since 
it leads to off-flavour, off-odour and has been linked to oxidation reactions that cause 
product discoloration and loss of nutrients (DALSGAARD et al., 2010). 
Non-enzymatic browning and lipid oxidation are the main alteration process of grana 
Padano cheese. The main effects of alteration process are: change of organoleptic value 
due to rancid flavors production as well as production of reactive oxygen species 
implicated in inflammation and cardiovascular diseases (KRISTENSEN et al., 2001; 
FEDELE and BERGAMO, 2001). Storage conditions affect the oxidative stability of cheese, 
and both modified atmosphere and light exposure have an impact on the formation of 
oxidation products.  
So, the objective of this work was to identify both the critical quality indices of lipid 
oxidation and lipolysis able to describe the kinetics of alteration and the analytical 
methods for their determination during the storage of cheese at 4°C and 20°C. 
 
 
2. MATERIAL AND METHODS  
 
2.1. Sampling cheese 
 
Grana Padano cheese (10 months-aged) has been used as a case study. The cheese was 
packed in air with a barrier film and stored at 4°C and at 20°C for 60 days. After 20, 40, 
and 60 days the following quality indices of the lipid oxidation and lipolysis were studied: 
free fatty acid content, peroxides value and volatile organic compounds.  
 
2.2. Extraction of fat by cheese 
 
The fat content was gravimetrically determined by using with some modifications the 
method described in D.M. 1986 based on the Schimith-Bondzynski-Ratzla traditional 
method of extraction of lipids. Ten grams of grated cheese were hydrolyzed using 10 mL 
of 37% hydrochloric acid and 7 mL of 95% (v/v) ethanol. The cheese suspension was 
homogenized with an ultrasound for 10 min and it was incubated for 30 min at 50°C in 
thermic bath. After cooling, the fatty matter was extracted using 10 mL of ethyl ether-
petroleum ether (1:1) solution and the suspension was centrifugated for 10 min at 6000 
rpm. The organic phase was collected and the extraction protocol was repeated 3 times. 
Three organic extracts were pooled, dried over anhydrous sodium sulfate, filtered with a 
paper filter, evaporated under reduced pressure in a rotary evaporator and weighed.  
 
2.3. Peroxide value  
 
To evaluate the number of peroxide value (PV), a titration method was used, followed by 
the procedure of SENGUL et al., (2014) with some modification. Briefly, 500 mg of fat was 
weighed after dissolving in acetic acid/chloroform (3:2 v/v) solution, then stored in the 
dark for 5 min after the addition of saturated potassium iodide. Finally, 7.5 mL deionized 
water and 1% starch solution was added to mixture and titrated with 0.001 N Na2S2O3 
solution. PV was expressed as meqO2/kg fat.  
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2.4. Free fatty acids   
 
To quantify free fatty acids (FFA) a titration method was used, followed by the procedure 
of KONIECKO (1979) with some modifications. Briefly, 500 mg of fat was weighted and 5 
ml of ethanol/ethyl-ether (1:2) were added. NaOH 0.01N was used to neutralize sample 
acidity and phenolphthalein was used as indicator. Results are expressed as % of oleic 
acid. 
 
2.5. Volatile organic compounds analysis 
 
The extraction and analysis of volatile organic compounds (VOC) was performed using 
SPME-GC/MS, according to LEE et al. (2013) and MANZO et al. (2019) with modifications. 
The solid-phase microextraction (SPME) device equipped with a 50/30-μm thickness 
divinyl-benzene/carboxen/polydimethylsiloxane fiber coated with 2-cm length stationary 
phase was used. Then, 1.5 g of frozen grated cheese was transferred into a 10 mL vial 
added with 3 mL of deionized water and 15 µL of 2-methyl-3-heptanone as internal 
standard (408 mg/L). Samples were homogenized and heated on a heating magnetic 
stirrer. Then the SPME device was hermetically put in the vial containing the samples and 
left for 1 hour at 50°C. The SPME was introduced directly into the GC injector where the 
thermal desorption of the analytes was performed at 250 °C for 10 min. A GC system 
6890N equipped with a mass detector 5973 was used. The VOC were separated on a 30 m 
× 0.250 mm capillary column coated with a 0.25 μm film of 5% diphenyl l95% 
dimethylpolysiloxane. Splitless injection was used for the samples. The column oven 
temperature was held to 40°C for 2 min and increased from 40°C to 160°C at 6°C/min and 
from 160 to 210°C at 10°C/min, which was held for 10 min. The injection and ion source 
temperatures were 250 and 230 °C, respectively. Helium was used as carrier gas at a flow 
rate of 1 mL/min. The ionizing electron energy was 70 eV and the mass range scanned 
was 40-450 amu in full-scan acquisition mode. The compounds were identified using the 
NIST Atomic Spectra Database version 1.6 and verified by the retention indices. The VOC 
were calculated by the internal standard method and were expressed as mg/kg of cheese. 
 
2.6. Statistical analysis 
 
Results were expressed as means ± standard deviation (SD). Statistical analysis was 
performed with the statistical package SPSS for Windows (version 20, SPSS Inc. Chicago, 
IL, USA). The difference between means was tested using Student’s t-test. Statistical 
significance was set at level of p<0.05. 
 
 
3. RESULTS AND DISCUSSION 
 
Table 1 shows the results about the PV and FFA during the storage at different 
temperatures. 
Results showed that no significant difference for FFA values in cheese stored at different 
time was found. The PV was increased after 60 days at 20°C, while no difference was 
found with the storage at 4°C.  
Fig. 1 shows the results about the VOC concentration during the storage at different 
temperatures. 
In terms of the VOC, an increase of ketones and alcohols during the storage at both the 
temperatures was found, while the concentration of aldehydes increased significantly only 
after 60 days at 20°C (Fig. 1). 
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Table 1. PV and FFA during the storage at 20°C and 4°C. Different letters indicate significant difference 
(p<0.05) during the time at same temperature, while the asterisk indicates significant difference (p<0.05) 
between the different storage temperatures. 
 

T (°C)  Time (days) 
  0 20 40 60 

4 PV (meq O2/Kg) 8.5±0.4a 9.1±0.2a*   9.1±0.01a*   8.6±0.01a 
20 PV (meq O2/Kg) 8.5±0.4b 7.5±0.3b* 7.6±0.2b* 9.1±0.4a 
4 FFA (% oleic acid) 2.6±0.1a 3.1±0.02a 2.9±0.01a   2.8±0.01a 

20 FFA (% oleic acid) 2.6±0.1a 2.9±0.01a 3.1±0.01a   2.9±0.01a 
 
 

 
 
Figure 1. VOC concentration during the storage. Different letters on the lines indicate significant difference 
(p<0.05) during the time at same temperature, while the asterisk indicates significant difference (p<0.05) 
between the different storage temperatures. 
 
 
Furthermore, the concentration of acids increased during the storage at both temperatures, 
but the highest concentration of acids was found after 60 days at 20°C (Fig. 1). Finally, the 
concentration of esters increased after storage at 20°C with the highest concentration after 
60 days, while at 4°C, an increase of esters after 60 days was found (Fig. 1).  
The results showed that the VOC were the best quality indices to discriminate samples 
during storage. 
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