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Effect of chitosan coating on the shelf life of ready-to-eat bovine meatballs
and the control of Listeria monocytogenes growth on their surface during
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Ermidopaon emxaioyng yrtoldvig 6to ypovo Long Tpoynuévav BOElov KEPTEO®V
KOl TOV £AeYY0 TNG avantuing tng Listeria monocytogenes 6TNV ETLPAVELY TOVG
KOTA TN O1dPKELD GLVTIPN OIS TOVGS VIO YOEN

A. Avtoviadov', A. T'kofapnc?, I. Apppooraonc’, A. Tepykeriong!

ABSTRACT. Edible chitosan coating on the surface of ready-to-eat (RTE) bovine meatballs was evaluated for its
effect on their shelf life and the control of Listeria monocytogenes at 5 °C. L. monocytogenes was inoculated onto the
surface of RTE bovine meatballs with and without edible chitosan coating. The samples were stored at 5 °C. Total
aerobic viable count (TVC) and the bacterial counts of L. monocytogenes, lactic acid bacteria and Enterobacteriaceae
were determined on days 0,1,7,14,21 and 28. The sensory characteristics were also evaluated at the same time spots by
semi trained panelists. The results of the microbiological analysis depicted that the use of edible chitosan membranes
reduced all of the microbial populations that were enumerated, and retarded their growth leading to the conclusion that
they can prolong the shelf life of these products by 14 days. Moreover, the population of the inoculated L. monocyto-
genes was about 2 log CFU/g lower in the meatballs coated with chitosan, indicating an inhibitory effect of chitosan in
the growth of L. monocytogenes. The sensory analysis showed that the samples coated with chitosan were satisfactorily
accepted by the panelists even at day 28, in contrast to the samples without chitosan (control samples) which were
unacceptable at day 14. These results indicate that edible chitosan coatings represent a potential agent in controlling L.
monocytogenes on the surface of RTE meatballs as well as other RTE meat products, prolonging their shelf life without
affecting their sensory characteristics.
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MNEPIAHYH. H enidpaocn edddipwv pepfpovadv yrroldvng otnyv emeaveio tpoynuévov (RTE) Bosiov ke@tédov
a&loloyndnke g Tpog to ¥povo {mng Tovg Kat Tov EAeyyo TG avamTuéng tng Listeria monocytogenes otovg 5 °C. L.
monocytogenes evOQOUALGTNKE GTNV EMPAVELN TPOYNUEVOV POEIOV KEPTESWV LE 1| Y0Pl emkdivym yrtoldvnc. Ta
delypota amobnkevtniay otovg 5 °C wat 1ig uépeg 0,1,7,14,21 ko 28 kotaperpndnkoy ot petaforés tmv TAnbvopdv
TOV OMKGOV 0gpOfov Paktnpiov, g L. monocytogenes, TV 0E0YOAOKTIKGOV Paxtnpiov Kot TOV eviepoPaktnpimy.
To opyavOANTTUKE YOLPAKTNPLOTIKA TV detyILaTOV a&lohoynOnkay i idteg NUEPES OO OUASA NUEKTOOEVUEVOV KPL-
tdv. H avdivon tov amotelecpdtov £deiEe 6TL 1 xpnon edddipmv pepppovav yrtoldvng peimwoe 6A0VG ToVg pkpoPt-
aKoVg TANBLGLOVG OV KATAUETPONKAY Kol KABVOTEPNGE TV AVATTLEN TOVG 0dNYDVTOG GTO GUUTEPAGLLO OTL LITOPEL
vo emunKovet to ypovo Long tov tpoidoviev autdv katd 14 nuépes. EmmAiéov, ov minbuopol g L. monocytogenes
Nrav wepinov katd 2 log CFU/g kpdtepot 6Toug KOAUUEVOLS e xitoldvn KEPTEDEG. ZUVENMG, 1 xpnom yrtoldvng
glye avaoTaATiKn eMidpacn otny avamtuén g L. monocytogenes. H opyavolnmtikn a&toddynon £€dei&e 6t ta gpfo-
nTopéva og yrtoldvn detypoto £ytvay amodekTd amd Tovg KPITEG ko Kot Ty nuépa 28, og avtifeon pe ta detypoto
xopig yrrolavn (delypota pdptoupeg) ta omoio NON and v nuépa 14 dev NTov amodektd. Ao To ATOTEAEGHLATO VT
TPOKVTTEL OTL O1 €0ALES HepPpaveg yrTtoldvng eivar mBavd va Umopovv vo xpnoIporotnfovy yio Tov EAEYY0 Tng
avantuéng g L. monocytogenes oty EMPAVELD TPOYNUEVOV KEPTEdMV KAl GAL®V TPOYMUEVOV KPEATOV, ETUNKD-

vovToG 1o Xpdvo {mNg Tovg ywpig va voPadpicovy Ta 0pyavVOANTTIKA YOPOKTPLOTIKA TOVG.

AéEarg gupetnpiaong: Xtoldvn, L. monocytogenes, Tpoynuévol KeQTEdES, ypovog Long

INTRODUCTION

TE products and especially the deli meats, are

vulnerable to cross contamination of pathogens
due to the multiple steps in their preparation, which
can occur from contact with contaminated equipment
and the environment (hoppers, slicers, peelers, con-
veyors, packaging machines etc) (Tompkin, 2002).
Moreover, if these products are not processed after
their final packaging, and because they are consumed
without further cooking, if pathogenic contamination
occurs, the chance of illnesses is increased (FSIS-US-
DA, 2005). Therefore, control of possible pathogens
on RTE foods immediately prior to or after packaging
is an important control point. Antimicrobial packag-
ing provides a final defense hurdle for inactivation or
inhibition of pathogens.

L. monocytogenes is a Gram- positive foodborne
pathogen and represents a major food safety concern,

especially in RTE foods (FAO, 2004) because of its
ability to survive and grow at refrigeration tempera-
tures. L. monocytogenes is associated with listeriosis,
a disease with high fatality, affecting mainly immu-
nocompromised persons, causing meningitis, and
abortions in pregnant women (Beverly, 2004). Deteri-
oration of foods, especially RTE, as well as contami-
nation by pathogens, usually starts on the food surface.
Consequently, food surface treatments and packaging
after the treatments are of critical importance for food
safety and quality (Malhotra et al., 2015). L. mono-
cytogenes is a frequent surface contaminant of RTE
meat products often occurring during the post-pro-
cessing phase (Tompkin, 2002).

The increasing demands by the consumers con-
cerning RTE foods with improved freshness and
without chemical additives, led to the development of
edible films (Kerry et al., 2006) which improve the
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quality, the appearance and the safety, and increase
the shelf life of RTE foods (Gennadios et al., 1997).
Chitosan is one of the substances capable of creating
such edible films (Coma, 2008).

Chitosan is a natural, nontoxic, biodegradable bio-
polymer which derives by the deacetylation of chitin,
a main component of the shells of crustaceans such
as, shrimp, crab and crawfish (No and Meyers, 2004).
Chitosan as well as its oligomers, receive consider-
able attention due to their antimicrobial, antitumor
and hypocholesterolemic abilities (No et al., 2002).
Chitosan based edible coating and films, incorporat-
ed or not with other antimicrobial agents (essential
oils, lauric alginate ester, allyl isothiocynate, nisin,
etc) seem to be promising for their application in food
preservation (Elsabee and Abdou, 2013; Kerch, 2015;
Guo et al., 2017). The inhibitory effect and delay of L.
monocytogenes growth by chitosan has been reported
in several RTE meat products such as servelat sausage
(Blom et al., 1997), ham steaks (Ye et al., 2008a) and
deli turkey meat (Guo et al., 2014). The mechanism
of the antibacterial activity of chitosan is not yet fully
understood. However, a widely accepted assumption
states that the positively charged chitosan molecules
interact with the negatively charged microbial cell
membranes, changing the cell permeability, causing a
leakage of intracellular constituents and therefore the
destruction of the microbial cell (Fang et al., 1994;
Sudarshan et al., 1992; Papineau et al., 1991; Young
et al., 1982).

The aim of the present study was the evaluation of
the effect of chitosan edible coating on the shelf life
and the control of L. monocytogenes in RTE bovine
meatballs stored at 5 °C.

MATERIAL AND METHODS

1. Preparation of L. monocytogenes inoculum

L. monocytogenes serotypes Scott A and Califor-
nia (CA) obtained from the collection of the Labora-
tory of Milk Hygiene and Technology, of the School
of Veterinary Medicine of Aristotle University of
Thessaloniki, were used during this challenge study.
The pure cultures were stored at -80 °C and sub-cul-
tured twice in Tryptone Soy Broth (TSB, BioLab, Bu-
dapest, Hungary) at 35 °C for 24h before being used.

2. Preparation of chitosan solution

Chitosan with high molecular weight (>800.000Da,
Aldrich Co, Germany) produced by crab shells was
used to prepare 1g/100 ml chitosan solution in 1% v/v

acetic acid under stirring for 24 hours. The solution
was adjusted to a pH of 4 at 25 °C.

3. Preparation and thermal treatment of
meatballs

Meatballs were prepared by mixing 800g of
minced beef, 200g wheat breadcrumbs, 150g fresh
onion, two egg yolks, 10g salt, 5g black pepper and
40ml olive oil. The meatballs were fried in olive oil
bath at 180 °C until core temperature reached to 75
°C. They were allowed to dry and cool down to room
temperature under a laminar flow before further treat-
ments.

4. Preparation and treatment with chitosan
solution of RTE meatballs

One group of the samples were dipped into the
chitosan solution for 30 sec and placed on sterile trays
under a laminar flow hood for 1h at room temperature
25 °C until the chitosan coating dried (group C). The
rest of the samples were not dipped in the chitosan
solution (group U-control samples). Overnight L.
monocytogenes cultures of the two selected serotypes
were centrifuged at 1500 rpm for 10 min and the bac-
terial pellet was resuspended in sterile peptone wa-
ter and centrifuged again. This process was repeated
twice and finally equal volume aliquots of each strain
were combined and resuspended in peptone water and
was then decimally diluted to 6.60 log CFU/g. An al-
iquot of 0.1 ml of the mixed culture was inoculated
onto each meatball (18£1 g) to reach an initial inocu-
lum of ca 5.30 log CFU/g. The samples remained for
10 minutes under a laminar flow hood in order to air-
dry. They were then packaged, per tenth, in disks of
expanded polystyrene on special absorbent meat pa-
pers, and the dishes were placed in plastic food bags.

Both trays and papers were previously sterilized
by UV rays overnight under a laminar flow cabinet.
The trays with the samples (inoculated with L. mono-
cytogenes and uninoculated for sensory evaluation)
were stored in an electronically controlled refrigerator
(LBI-150M, Daichan Labtech Co. LTD Korea) at a
temperature of 5+0.5 °C. Bacterial counts were deter-
mined at days 0, 1, 7, 14, 21 and 28.

5. Microbiological examination

The bacterial counts of the examined bacteria
were determined at two samples of each group and
the experiment repeated twice. The samples were
stored at 5 °C. Total aerobic viable count (TVC) and
the bacterial counts of L. monocytogenes, lactic acid
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bacteria and Enterobacteriaceae were determined
on days 0,1,7,14,21 and 28. More specifically, each
meatball was mixed in a stomacher bag (Lab Blend-
er 400, A. J. Seward and Co. Ltd., London, UK) for
60 sec with peptone water 0.1% w/v. Serial decimal
dilutions were prepared and for the enumeration of L.
monocytogenes, 0.1 mL of each dilution was streaked
onto petri dishes with Agar Listeria Ottavani & Ago-
sti (ALOA agar, LabM, Hal 10, Lancashire, United
Kingdom) and incubated at 37 °C for 24-48h.

Total viable counts (TVC), Enterobacteriaceae and
lactobacilli were counted on Tryptone Soy agar (Bi-
olab, Budapest, Hungary), Violet Red Bile Glucose
agar (VRBG PH EUR agar, BioLab, Budapest, Hun-
gary) and De Man-Rogosa-Sharpe agar (MRS agar,
BioLab, Budapest, Hungary) respectively. The counts
were expressed as log CFU/g.

6. Sensory evaluation

Two groups of uninoculated meatballs (one group
of meatballs with chitosan coating and another with-
out) were stored for sensory evaluation, which was
performed by a panel of eight semi-trained panelists
at the same selected time spots of microbiological
analysis. The sensory characteristics evaluated were
color, flavor, taste and texture. Meatballs before con-
sumption were heated in a microwave oven. Overall
acceptability of the product (uniniculated meatballs
with and without chitosan coating) was based on a
10-point numerical scale and a score of five was the
lower limit of acceptability.

7. Statistical analysis

Analyses were based on two separate experiments
with each mean Standard Deviation (= SD) being
the average of the two determinations. The inhibito-
ry effect of chitosan coating was analyzed using the
General Linear Model (GLM) of Analysis of Variance
(ANOVA) (STATA version 13, STATA Corp., Texas,
USA). Differences at p<0.05 were consider to be sig-
nificant.

RESULTS

The population of TVC between the control sam-
ples and the samples coated with chitosan showed no
significant difference at day 0 (5.31 log CFU/g) (Ta-
ble 1). On day 1 the population of TVC in the samples
coated with chitosan decreased from 5.31 to 3.97 log
CFU/g, while the population of the control samples
remained the same. From day 1 until the end of this
study, the population of TVC in both sample groups

increased. However, the difference between the two
groups remained significant and at day 14 the pop-
ulation of TVC of the control samples reached 7.80
log CFU/g and meatballs were microbiologically un-
acceptable since the predominant flora was not the
lactic acid bacteria (5.02 CFU/g) and spoilage is like-
ly to be unacceptable at 107-10* CFU/g (Health Pro-
tection Agency, 2009). Their sensory characteristics
were also unacceptable with a score of 3.25 (Table
2) which is very low. At the same time spot (day 14)
the TVC population in coated with chitosan samples
reached 5.77 log CFU/g. At day 28, the TVC popula-
tion of the control samples was 8.90 log CFU/g, while
in group C it was 6.73 log CFU/g and the sensory
score still high (7.5). Therefore, the fact that there was
a significant difference between the two groups leads
to the conclusion that the use of chitosan has a benefi-
cial effect in the shelf life of this product.

The L. monocytogenes counts on the RTE meat-
balls at day 0 were the same in both groups (5.19 log
CFU/g), control and coated with chitosan. On day 1,
the counts in the samples treated with chitosan were
significantly lower from these in control samples.
More specifically, on that day the population of L.
monocytogenes in the control samples remained 5.19
log CFU/g, while in the treated with chitosan samples
it decreased and reached 3.94 log CFU/g. From day
1 until day 28, the population of L. monocytogenes
in both groups increased, along with their difference
reaching its maximum at day 21 (3.16 log CFU/g).

The effect of chitosan in the population of Entero-
bacteriaceae was different compared to the rest of the
bacterial counts (Table 1). On day O the Enterobac-
teriaceae counts of both the control samples and the
samples coated with chitosan were similar (1.70 log
CFU/g). At day 1 their counts were under the sensi-
tivity of the method. Enterobacteriaceae could not be
detected in the meatballs dipped in the chitosan until
the end of the experiment, while the population in the
control samples increased throughout the experimen-
tation reaching 3.90 and 5.90 log CFU/g at day 14 and
21 respectively.

The lactic acid bacteria counts of the control sam-
ples and the samples coated with chitosan solution
showed no difference at day 0 (Table 1). However, at
day 1 the population in group C was 2.88 log CFU/g,
while in group U 3.13 log CFU/g. This difference
started decreasing until day 28 when both the control
samples and the chitosan treated samples had similar
population (6.39 and 6.40 log CFU/g respectively).
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Table 1. Changes of the microbial counts (mean+SD) from the surface of RTE meatballs during their preservation at 5 °C for 28 days.

Day Group of Log CFU/g
samples TVC L. monocytogenes Enterobacteriaceae Lactic Acid Bacteria

0 U* 5.31+0.03* 5.194+0.17¢ 1.70+0.03¢ 3.13£0.07
C** 5.31+0.16* 5.19+0.12° 1.70+0.04* 3.13£0.12¢

1 U 5.31+0.23¢ 5.19+0.15° <1 3.13+0.09°
C 3.97+0.27° 3.94+0.21° <1 2.88+0.33°

- U 6.31+0.25° 6.07+0.05° <1 5.48+0,28°
C 4.52+0.37* 4.67+£0.27 <1 4.09+0.07*

14 U 7.80+0.42° 7.75+0.45° 3.90+0.13* 5.02+0.01°
C 5.17+0.122 5.02+0.0? <1 4.54+0.21°

11 U 8.73+0.31° 8.89+0.52° 5.90+0.33* 5.61+0.14°
C 5.77+0.30° 5.73+0.19° <1 5.75+0.11°

28 U 8.90+0.43* 8.88+0.48* 6.13+0.11* 6.39+0.22¢
C 6.73£0.36° 6.72+0.22° <1 6.40+0.28°

*Meatballs without chitosan coating
** Meatballs with chitosan coating
*Mean values for each microbial index at each day in the same column of different groups are not significantly different (p>0.05).

Table 2. Sensory evaluation scores of meatballs with and without chitosan coating during refrigeration storage.

Evaluation da Evaluation parameter Score Overall acceptability
valu valu
Y P Group C* Group U** Group C Group U
Taste gk ** 10
Color 10 9
0 Flavor 9 9 9.25 9.25
Texture 9 9
Taste 9 9
Color 10 9
1 Flavor 9 10 9.25 9.25
Texture 9 9
Taste 9 8.5
Color 10 7
7 Flavor 9 2 9.25 8.5
Texture 9 8.5
Taste 8 4
Color 9 4
14 Flavor 7 3 8.25 3.75
Texture 9 4
Taste 8
Color 9
21 Flavor 7 8.25
Texture 9
Taste 8
Color 7
28 Flavor 7 7.5
Texture 8

* Group C=meatballs with chitosan coating
**Group U=meatballs without chitosan coating
***Mean values of the panelists’ scores
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DISCUSSION

In our study the use of chitosan films led to a reduc-
tion of 1.25 log CFU/g of the population of L. mono-
cytogenes on the surface of RTE meatballs without
preventing totally its growth, but could delay it sig-
nificantly. The sensory evaluation demonstrated that
the shelf life of RTE meatballs during their preserva-
tion at 5 °C does not exceed 28 days, while the use of
chitosan improved their sensory characteristics.

Beverly et al. (2008) reported that the edible film
of chitosan dissolved with acetic or lactic acid at
0.5% (w/v) or 1% (w/v) and stored at 4°C, on RTE
roast beef could not prevent the growth of L. mono-
cytogenes, but on day 14, L. monocytogenes counts
were significantly different for all the chitosan-coated
samples from the control by 2-3 log CFU/g and re-
mained significantly different on day 28. This could
be explained by the decreasing antimicrobial activi-
ty of chitosan films due to the decreased availabili-
ty of amino groups on chitosan (Cargi et al., 2004;
Comma et al., 2002). Ye et al. (2008a) reported that
chitosan-coated plastic films were not able to control
the growth of L. monocytogenes on ham steaks stored
at 4 °C. A long term antilisterial effect was observed
by chitosan film containing 0.001 g/cm? sodium lac-
tate (SL) with the counts of L. monocytogenes being
slightly lower than the initial inoculum. The SL treat-
ment reduced the counts of L. monocytogenes from
2.7to 1.51og10 CFU/cm? during 10 weeks of storage.
On week 10 L. monocytogenes started to grow, but
its count at the end of the 12-week storage was still
slightly lower than the initial one. Blom et al. (1997)
reported that a mixture of 2.5% SL and 0.25% acetate
prevented the growth of L. monocytogenes in servelat
sausage without affecting the sensory acceptability of
the sausage.

Chitosan-coated plastic films with 4.5 mg/cm? SL,
4.5 mg/cm? SL-0.6 mg/cm? potassium sorbate (PS)
and 2.3 mg/cm? SL-500 IU/cm? nisin completely in-
hibited the growth of L. monocytogenes on smoked
salmon for at least 6 weeks at refrigerated tempera-
ture (Ye et al., 2008b).

The antimicrobial activity of chitosan probably
originates from its polycationic nature (Kim et al.,
2003). The positively charged chitosan molecules
interact with the negatively charged microbial cell
membranes (Young et al., 1982; Papineau et al., 1991;
Sudarshan et al, 1992; Fang et al, 1994). This antimi-
crobial activity was observed in our study, as the use
of chitosan coating in RTE meatballs lead to a delay

in the growth of TVC, L. monocytogenes, Enterobac-
teriaceae and lactic acid bacteria, resulting to a pro-
longation of their shelf life for about 14 days.

Latou et al. (2014) investigated the combined ef-
fect of dipping in a chitosan solution (1 g/100 ml) and
packaging under modified atmosphere (MAP, 70%
CO2, 30% N2) on shelf life extension of refrigerated
chicken fillets. TVC were 3.9-4.9 log CFU/g lower
on day 6 of storage in treated vs. untreated air-pack-
aged samples with the strongest effect being shown
by the combination of chitosan plus MAP. A similar
reduction in LAB, Pseudomonads and Enterobacte-
riaceae was also observed during storage. Based on
the microbiological and sensory data, shelf life of
air-packaged, chitosan-treated, MAP-treated and chi-
tosan/MAP treated samples was 5, 11, 12 and 14 days,
respectively. Guo et al., (2014) investigated the anti-
microbial efficacy of the coatings and films against
Listeria innocua inoculated onto the surface of RTE
deli turkey meat. Antimicrobial coatings with 1.94
mg/cm? of chitosan and 0.388 mg/cm? of LAE (Lau-
ric Arginate Ester) reduced L. innocua by ca. 4.5 log
CFU/cm?. Nisin (486 TU/cm?) showed less effective-
ness than LAE (0.388 mg/cm?) and addition of nisin
to the antimicrobial coatings or films containing LAE
(0.388 mg/cm?) did not enhance the total antimicrobi-
al effectiveness.

Kanatt et al. (2013) reported a microbiological
shelf-life extension of 10 days using chitosan coating
in in RTE cooked meat products (chicken balls, chick-
en seekh kababs and mutton seekh kababs). Chitosan
coating eliminated fecal coliforms, lowered counts of
Staphylococcus spp. and also retarded lipid oxidation
in all the meat products during storage at 0-3 °C. The
ability of chitosan coating to reduce microbial load
has been reported by other researchers on various
products. Darmadji and Izumimoto (1994) reported
that chitosan at a concentration of 1 g/100 ml reduced
microbial counts by an average of 1-2 log CFU/g in
minced beef patties stored at 4 °C for 10 days. Also,
addition of chitosan at 1% in fresh pork sausages re-
duced counts by 0.5-1.5 log CFU/g (Soultos et al.,
2008). In other studies, the combined use of rosemary
extract or thyme along with chitosan extended the
shelf-life of fresh pork sausages and chicken product
stored under refrigeration (Georgantelis et al., 2007;
Giatrakou et al., 2010). Petrou et al. (2012) reported
the extension of the shelf life at 4 °C of a chicken
breast meat product treated with chitosan (1.5% w/v)
or its combination with oregano oil (0.25 % v/w) by
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10 days. Sagoo et al. (2002) demonstrated that total
viable counts, yeasts, and molds were reduced by ap-
proximately 1-3 log CFU/g on skinless and standard
sausages dipped in a 1% chitosan solution before stor-
age at 7 °C for 18 d.

Mohan et al. (2012) reported that the chitosan coat-
ing improved the water holding capacity, drip loss and
textural properties significantly of double filleted In-
dian oil sardines compared to untreated samples. The
sensory characteristics during chilled storage were
acceptable up to 8 and 10 days for 1 and 2% chitosan
treated samples respectively, compared to only 5 days
for untreated samples.

CONCLUSIONS

The results of microbiological analyses, sensory
evaluation and the significant reduction of L. mono-
cytogenes on RTE meatballs during chilled storage,
indicate that chitosan coatings represent a promising
means for the shelf life extension and improvement of
microbiological safety of RTE meat products.
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