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Abstract

Following a Listeria monocytogenes detec-
tion in a mozzarella cheese sampled at a dairy
plant in Lazio Region, further investigations
have been conducted both by the competent
Authority and the food business operatordairy
factory (as a part of dairy factory HACCP con-
trol). In total, 90 dairy products, 7 brine and 64
environmental samples have been tested. The
prevalence of Listeria monocytogenes was
24.4% in mozzarella cheese, and 9.4% in envi-
ronmental samples, while brines were all neg-
atives. Forty-seven strains of L. monocytogenes
have been isolated, all belonging to 4b/4e
serotype. In 12 of these, the macrorestriction
profile has been determined by means of
pulsed field gel electrophoresis. The profiles
obtained with AscI enzyme showed a 100%
similarity while those obtained with ApaI a
96.78% similarity. These characteristics of the
isolated strains jointly with the production
process of mozzarella cheese has allowed to
hypothesise an environmental contamination.

Introduzione 

Listeria monocytogenes (L. monocytogenes)
è un microrganismo patogeno, gram positivo,
che colpisce soprattutto alcune categorie di
popolazione a rischio quali soggetti immuno-
compromessi e donne in gravidanza. La tra-
smissione dell’agente infettivo, per via alimen-
tare, ha un grande impatto per la salute pubbli-
ca, sia per la severità della malattia provocata,
sia per l’impatto sociale che ne consegue. Nel
2010 sono stati registrati nell’Unione europea
1601 casi di listeriosi (European Food Safety
Authority, 2012). 

L. monocytogenes è un patogeno molto diffu-
so nell’ambiente e negli alimenti di origine
animale e vegetale, in grado di adattarsi a con-
dizioni ambientali anche sfavorevoli. Tuttavia
quella alimentare rimane la principale via di
infezione per l’uomo (Parisi, 2012), ed il con-
sumo di cibi ready-to-eat ha contribuito all’au-
mento di listeriosi nei paesi più industrializza-
ti. Il fatto che L. monocytogenes sia capace di
sopravvivere e moltiplicarsi anche a basse
temperature, ad esempio comprese tra +2 e
+4°C, rende la sua presenza negli alimenti
RTE particolarmente diffusa, ed in particolare
nei prodotti lattiero-caseari, nelle carni salate
e salumi ed in taluni prodotti della pesca
(European Food Safety Authority, 2013).

Il Regolamento (CE) 2073 del 2005
(Commissione Europea, 2005) e le successive
modificazioni hanno introdotto, nel contesto
legislativo di riferimento degli alimenti di ori-
gine animale, il concetto di alimento ready-to-
eat su cui effettuare la ricerca e la numerazio-
ne di L. monocytogenes, a seconda che l’ali-
mento costituisca o meno terreno favorevole
allo sviluppo del germe. Nel caso dei prodotti
lattiero-caseari, la presenza di L. monocytoge-
nes può essere dovuta a diversi fattori tra cui
contaminazione iniziale della materia prima
(per i formaggi a latte crudo), insufficiente
temperatura di pasteurizzazione, contamina-
zione nelle fasi successive al trattamento ter-
mico previsto nel processo produttivo. L. mono-
cytogenes è un germe in grado di resistere per
anni nell’ambiente di manipolazione degli ali-
menti e sviluppare resistenza nei confronti dei
comuni prodotti utilizzati per interventi di
sanificazione. Tale caratteristica è agevolata
dalla produzione di biofilm che L. monocytoge-
nes può formare da sola od insieme ad altri
germi di contaminazione ambientale (Caruso
et al., 2012; Pan et al., 2006). In quest’ultimo
caso, risultano essere di fondamentale impor-
tanza le procedure di pulizia e sanificazione
che devono essere applicate alle diverse tipolo-
gie di superfici che, se non in grado di rimuo-
vere completamente la matrice adesiva e pro-
tettiva dei biofilm, portano inevitabilmente a
rischi di contaminazione secondaria (Cecchini
et al., 2011).

Nel mese di novembre 2012 un campione di
mozzarella, prelevato presso un stabilimento
della regione Lazio nel corso delle regolari atti-
vità di controllo ufficiale dei servizi veterinari,
è stato consegnato all’IZSLT di Roma per ana-
lisi di routine risultando poi positivo per la pre-
senza di L. monocytogenes. A seguito della
positività sono state eseguite ulteriori verifi-
che sia da parte dell’autorità competente sia da
parte dell’azienda produttrice nell’ambito delle
azioni previste dal proprio piano di autocon-
trollo. 

Scopo del presente lavoro è quello di presen-
tare i risultati derivanti dall’attività analitica
svolta dai laboratori su campioni di mozzarella

e campioni ambientali esaminati in seguito ad
un episodio di contaminazione da L. monocyto-
genes. I risultati ottenuti sono stati poi messi
in relazione con una precedente positività
riscontrata in autocontrollo, evidenziatasi
qualche mese prima presso il medesimo stabi-
limento. 

Materiali e Metodi

Le indagini sono state condotte per un
periodo di tre mesi, su un totale di 161 campio-
ni di cui 90 riferibili a prodotti lattiero-caseari
(mozzarella n=85, primo sale n=2, ricotta
n=3), 7 liquido di governo e salamoia e 64 tam-
poni ambientali. Sui suddetti campioni, prele-
vati in regime di controllo ufficiale ed autocon-
trollo, sono state effettuate le seguenti deter-
minazioni: pH, aw, L. monocytogenes presenza
e conta per i prodotti lattiero caseari, solo L.
monocytogenes presenza e conta sui campioni
ambientali. 

La determinazione del pH è stata eseguita
utilizzando il metodo di riferimento MFHPB-
03:2003, per l’aw il metodo di riferimento ISO
21807:2004 (ISO, 2004); la presenza/assenza
di L monocytogenes è stata valutata con il
metodo VIDAS LMO2 AFNOR BIO-12/11-03/04,
consistente essenzialmente in un’analisi
immuno-enzimatica a fluorescenza mediante
lo strumento VIDAS® (bioMérieux, Marci
L’Etoile, Francia), mentre per la sua numera-
zione il metodo di riferimento è stato ISO
11290-2:2005 (UNI, 2005). L’identificazione
biochimica, per la conferma delle colonie
sospette, è stata effettuata con il VITEK® 2
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Compact bioMérieux. Gli isolati di L. monocy-
togenes sono stati poi sottoposti a sierotipizza-
zione, mediante la combinazione di metodi
molecolari e siero agglutinazione. 

La sierotipizzazione di L. monocytogenes,
effettuata mediante multiplex PCR, è stata
eseguita utilizzando il protocollo Doumith et
al. (2004a), che consiste nell’identificazione
di L. monocytogenes e nella successiva suddivi-
sione dei tre lignaggi I, II e III, in cinque grup-
pi filogenetici, ciascuno correlato con i
seguenti sierotipi: gruppo I.1 (sierotipi 1/2a-
3a); gruppo I.2 (sierotipi 1/2c-3c); gruppo II.1
(sierotipi 4b-4d-4e); gruppo II.2 (sierotipi
1/2b-3b-7); gruppo III (sierotipi 4a-4c)
(Doumith et al., 2004b). 

La sierotipizzazione con antisieri permette
di distinguere i 12 sierotipi di L. monocytoge-
nes differenziabili per l’espressione, sulla
superficie cellulare, di antigeni somatici O e
flagellari H. Per la conferma dei sierotipi dai
sieroguppi, individuati con la metodica mole-
colare, si è proceduto con la sieroagglutinazio-
ne mediante il Kit Listeria Antisera SEIKEN
(Denka Seiken co. LTD, Tokyo, Giappone).

Dei 47 ceppi di L. monocytogenes isolati, solo
11 sono stati sottoposti a caratterizzazione
molecolare, 5 isolati da mozzarelle e 6 da tam-
poni ambientali. La selezione è stata effettua-
ta sulla base delle precedenti prove sierologi-
che e molecolari in PCR Multiplex, che hanno
messo in evidenza sempre lo stesso sierotipo.
Tali ceppi, sono stati poi confrontati con il
ceppo precedentemente isolato da un campio-
ne di mozzarella prodotto presso lo stesso sta-
bilimento ed analizzato nell’ambito dei con-
trolli aziendali; tale confronto è stato effettua-
to mediante pulsed field gel electrophoresis
(PFGE), secondo quanto descritto nel protocol-
lo standardizzato PulseNet L. monocytogenes
(CDC, 2009); per il metodo è stato utilizzato un
enzima di restrizione (AscI) ed uno standard
riferibile a Salmonella Braenderup (H9812). 

Su 4 dei ceppi suddetti, 3 provenienti da
mozzarelle e 1 da campione ambientale (tam-
pone), è stata effettuata anche la digestione
con l’enzima ApaI, dato che, ad una prima let-
tura dei loro profili, questi presentavano delle
differenze che tale enzima avrebbe meglio evi-
denziato.

Dopo la digestione, i ceppi sono stati sotto-
posti a corsa elettroforetica con il sistema Chef
Mapper XA (BioRad Inc., Berkeley, CA, USA) a
6V/cm con un switch time da 4 a 40 s per 21 h.
Il gel ottenuto è stato colorato con il GelRed
(Biotium, Hayward, CA, USA). I profili ottenu-
ti sono stati successivamente analizzati
mediante software dedicato (Fingerprinting
II®BioRad). La valutazione della similarità tra
i diversi profili di macrorestrizione è stata
effettuata utilizzando il coefficiente di Dice
con una ottimizzazione e tolleranza dell’1%.
Attraverso l’utilizzo del software è seguita poi
la clusterizzazione e la costruzione del dendro-

gramma utilizzando il metodo unweighted pair
group method with arithmetic mean (UPGMA).

Risultati

Fra i prodotti lattiero caseari, le positività
sono state riscontrate solo su campioni di moz-
zarella. Il 24.4% dei campioni analizzati
(n=90) è risultato positivo e di questi il 18.2%
presentava valori di L. monocytogenes superio-
ri a 100 ufc/g. Dei 64 tamponi ambientali, 6
sono risultati positivi per L. monocytogenes
(9,4%), ma con un numero di microrganismi
<10 ufc/g; le acque di salamoia e di governo
sono invece risultate tutte negative. I ceppi
isolati (n=47) dai prodotti lattiero caseari e
dai tamponi ambientali sono risultati apparte-
nere al medesimo sierotipo (4b/4e) e pertanto
sovrapponibile al primo isolamento avvenuto
su un campione di mozzarella in autocontrollo.
I profili di restrizione ottenuti con l’enzima
AscI mostrano una similarità del 98% mentre
per quelli ottenuti con ApaI la percentuale di
similarità è risultata pari al 96,78%. 

Discussione e Conclusioni

Il processo di produzione della mozzarella
prevede la riduzione della cagliata in piccoli
pezzi che favorisce l’eliminazione del siero in
eccesso; attraverso un sistema automatizzato
la matrice viene trasferita nella filatrice costi-
tuita da più sezioni. In tale fase di processo il
prodotto viene ulteriormente sminuzzato e
posto a contatto con acqua a temperatura di
82°C cui segue, nella parte terminale della fila-
trice, la formazione di un’unica massa filata
con temperatura di circa 60°C. Le diverse fasi
di produzione a temperatura controllata, sono
state individuate come punti critici del proces-
so da sottoporre a monitoraggio continuo
(CCP), in quanto volti ad eliminare o ridurre a
livelli accettabili la presenza di L. monocytoge-
nes, sebbene alcuni studi di processo sostenga-
no il contrario (Rudolf e Scherer, 2001). Le
successive fasi di lavorazione (formatura, ras-
sodamento e confezionamento in liquido di
governo) non possono invece fornire adeguate
garanzie in caso di contaminazione di L.
monocytogenes in quanto non sono presenti
ulteriori CCP.

Nel presente caso, il riscontro di L. monocy-
togenes in campioni di mozzarella può essere
attribuito ad una contaminazione di tipo
ambientale post trattamento termico in quanto
i medesimi sierotipi di L. monocytogenes, sono
stati riscontrati in campioni ambientali prele-
vati dalla ditta in autocontrollo e verosimil-
mente riconducibile ad una non corretta appli-
cazione delle procedure di pulizia e sanifica-

zione delle superfici ed ambienti di lavoro.
Difatti, l’analisi dei profili PFGE ottenuti con i
2 enzimi (AscI e ApaI) ha evidenziato la pre-
senza di una singola popolazione clonale in
entrambi le tipologie di campioni (ambiente
ed alimento). 

La corretta applicazione delle procedure
riportate nel piano di autocontrollo, la loro vali-
dazione e la verifica periodica della loro effica-
cia sono, come sempre, fondamentali per il
controllo di processo e la sicurezza dei prodot-
ti fabbricati. Nel presente caso sono state
apportate modifiche alle procedure di pulizia e
sanificazione in uso, inclusi i prodotti, che
hanno permesso l’eliminazione di L. monocy-
togenes, dagli ambienti di lavorazione e la riso-
luzione delle non conformità rilevate in auto-
controllo. Le verifiche periodiche da parte del
controllo ufficiale sono poi di indispensabile
ausilio al sistema di autocontrollo aziendale
soprattutto nel caso in cui siano registrate non
conformità nell’igiene e dei criteri di processo,
di cui al Regolamento 2073/2205, come quelle
riportate nel presente lavoro. Lo sviluppo e
l’applicazione di metodi di laboratorio più sofi-
sticati, PCR e PFGE ad esempio, rispetto ai
microbiologici classici, sono poi di fondamen-
tale importanza a supportare l’identificazione
di eventuali non conformità non strettamente
legate alle fasi di processo e, di conseguenza,
ad individuare con piu accuratezza le proble-
matiche di carattere procedurale. 
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Abstract

The Council Regulation (EC) No. 1099/2009
requires slaughterhouse managers to imple-
ment specific standard operating procedures for
all pre-slaughter stages considered at risk,
aimed at achieving adequate levels of animal
welfare. This survey was aimed at testing the
applicability to an abattoir for heavy pigs of an
assessment system of animal welfare through
animal-based measures. In the monitoring of
handling operations, the number of animals
fallen/slipped and prodded, and that of vocalis-
ing pigs were recorded. In the monitoring of the
immobilisation stage, carried out on the same
pigs, vocalisations were recorded at the
entrance to the box and falls/slips occurring
inside it. Animal welfare assessment during the
stunning-sticking-bleeding steps, was carried
out by recording the head-only electrical stun-
ning basic parameters set by legislation, vocali-
sations resulting from hot wanding, and clinical
signs of consciousness, sensibility and certain
death. Except for immobilisation, the percent-
age of occurrence of these events above accept-
ability limits was detected in all other pre-
slaughter steps. The most critical stages were:
handling in the unloading area and along the
single-file chute, stunning and especially bleed-
ing, where 84.13% of animals showed one or
more signs of consciousness and/or sensibility
recovery. Wrong placement of electrodes
observed in 53.98% of the animals, insufficient
voltage and low amperage may explain why a
high percentage of pigs recovered conscious-
ness and/or sensibility before death. Some sim-
ple restructuring of unloading area, slowdown
of slaughter line speed, increase of personnel
involved in pre-slaughter management and reg-
ular calibration of the electrical stunning device

could be effectively corrective measures aimed
at raising the animal welfare level at the slaugh-
terhouse under study. 

Introduction

During the last twenty years the European
Community has issued a series of directives
and horizontal and vertical regulations, which
seek to ensure the welfare of livestock animal
species in all steps of production, from breeding
to slaughter, including transportation. The
Council Regulation (EC) No. 1099/2009
(European Commission, 2009) on the protec-
tion of animals at the time of killing, in force as
of January 1st 2013, is the current reference
standard for those who work in slaughterhous-
es. The main novelty of the Regulation, which
from 8 December 2019 will completely repeal
the Council Directive No. 93/119/EEC
(European Commission, 1993), is represented
by the transfer of full responsibility for the pro-
tection of animal welfare to business operators
(BOs), which must apply specific HACCP plans,
similar to those implemented to ensure food
safety. In particular, operators of slaughterhous-
es will have to develop and implement risk-
based standard operating procedures (SOPs),
able to ensure that, during the killing and relat-
ed operations, such as handling, lairaging,
restraining, stunning and bleeding, the animals
are spared any pain, distress and unnecessary
suffering. These procedures should include
clear objectives, responsibilities, modus
operandi, measurable criteria, as well as moni-
toring and recording procedures. In particular,
as regards the stunning, the BO has the obliga-
tion to establish a representative sample of ani-
mals to check that they do not show signs of
consciousness and sensibility in the period
between the end of the stunning process and
death. To enable companies to comply with the
provisions of the new legislation, the EU will
identify indicators of animal welfare as regards
killing and related operations that are easily
monitored within the slaughterhouses, and crit-
ical limits which meet the EU standards. The
assessment of animal welfare is generally car-
ried out applying two types of parameters: struc-
tural measurements (engineering measures)
and assessments made directly on animals
(animal-based measures). The former evaluate
the adequacy of facilities and equipment, the
latter the response and/or the effect of the envi-
ronment and/or management practices on ani-
mals. It is precisely toward the animal-based
measures that the EFSA, appointed by the
European Commission to draft guidelines to
harmonise the procedures for checking and
monitoring the welfare of the different species
of livestock animals, is turning its attention to
(European Food Safety Authority, 2012). A sys-

tem based on measurements carried out direct-
ly on animals has been successfully used for a
long time on a voluntary basis by major U.S.
restaurant chains for audit activities on animal
welfare at the slaughterhouse, aiming at the
selection of suppliers (Grandin, 2012a). This
system, developed by Temple Grandin for the
American Meat Institute (AMI), takes into
account the following five numerically scored
key-criteria with specific limits of acceptability
and specific classes of judgment: i) percentage
of fallen animals during the handling; ii) per-
centage of animals moved with an electric prod;
iii) percentage of animals that vocalise during
handling and stunning; iv) percentage of ani-
mals stunned effectively at the first attempt; v)
percentage of animals that remain insensitive
during bleeding (Grandin, 2010, 2012b, 2013).
The purpose of this investigation was to test the
applicability of the above-mentioned system of
assessment of animal welfare during handling
and only-head electrical stunning at a slaugh-
terhouse for heavy pigs intended for processing.

Materials and Methods

This survey was conducted by 3 observers in
the a slaughterhouse area of a pork meat-curing
factory in the province of Ancona (Italy), where
120-130 pigs per week with average live weight
of 170 kg are slaughtered. The company carries
out slaughtering activities 2 hours a week. It
has the following facilities: an unloading plat-
form; a lairage stall of 137 m2 with 9 pens; a sin-
gle-file chute with a pneumatic guillotine gate-
way for transfer to the slaughter room, consist-
ing of a straight ramp with a spray-sprinkling
device for humidifying the skin of pigs and a
floating raised curved tunnel (CP-0110; Mancini
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Spa, Amandola (AP), Italy); a stun box with a
pneumatic guillotine gateway and a pneumatic
rotating side wall (CP-0110; Mancini Spa); a
conveyor belt for the sticking (RIRE-0055;
Mancini Spa) and bleeding (TAPP, NDT-050;
Mancini Spa). The different batches of pigs are
usually conferred on Saturday morning and
slaughtered the following Monday, after a 42-45
hour rest. Plastic bags are generally used for
their handling and electrical prods (RobSet®

Color; Plast Micron, Modena, Italy), when nec-
essary. Stunning is carried out by means of
tongs (TL002; Gozlin, Modena, Italy) connected
to an electronic stunner (TE002; Gozlin) which
provides 50 Hz sinusoidal alternating current.
Two operators are involved in the pre-slaughter
stages: one is responsible for animal handling
and the other for restraining, stunning, sticking
and bleeding. Due to the small number of
observers and to the structural characteristics
of the slaughterhouse which made it impossible
to follow the animals during handling at an ade-
quate distance, it was necessary to carry out the
monitoring in 3 days from different fixed obser-
vation points. The first and second observa-
tions, carried out on 121 pigs, involved the ani-
mal handling from the unloading platform to the
lairage entrance, and the handling of the same
pigs to the slaughter room through the single-
file chute and the immobilisation step, respec-
tively; finally, the third, performed on 126 sub-
jects, involved the stunning, sticking and bleed-
ing stages. The limited space of the lairage area
and the lack of passing lanes reserved for the
operators did not allow the pen filling and emp-
tying steps to be observed, nor the monitoring of
recovered animals. The assessment of animal
welfare during handling was carried out by
recording the number of fallen/slipped and
prodded animals in two different check lists.
Limited to the handling along the single-file
chute, the number of vocalising pigs and the
time the pigs waited in the chute were recorded
on a specific check list. The number of vocalis-
ing pigs at the entrance and the number of fall-
en/slipped animals inside the stun box were
recorded in two different check lists to assess
the animal welfare during immobilisation. The
waiting time inside the stun box before the
application of tongs was also recorded. As
reported by Grandin (Grandin, 2012b), the sud-
den loss of the upright position in which a part
of the body other than the limbs touches the
ground, was considered as a fall, an extended
sound of both high amplitude and high frequen-
cy produced with an open mouth (squeal) exclu-
sively determined by operators or equipment
was recorded as a vocalisation, and the touch-
ing of the body with an electric prod (whether
energised or not) was counted as an electros-
timulation. The narrow space of the stunning-
sticking-bleeding area and the short stun-to-
stick interval did not allow all clinical signs of
effective stunning immediately after the release

from the stun box to be observed. Therefore, an
observer positioned on the stun-sticking plat-
form recorded the basic parameters of only-
head electrical stunning, such as correct elec-
trode placement, voltage and amperage, expo-
sure time and stun-to-stick interval. Other
parameters detectable at a distance, such as
vocalisations due to hot wanding (use of prema-
turely energised tongs), onset of clonic seizures
(pédalage), and further stunning attempts
before sticking. Only the electrodes applied
symmetrically on the temporal region or on
either the hollow behind the ears, or as well as
asymmetrically at the top and the bottom of the
head were considered correctly placed
(Grandin, 2012b). Another observer positioned
on the bleeding platform recorded the number
of sticked pigs during tonic seizure and the
number of pigs that immediately after sticking
and during the first 2/3 of bleeding showed the
following signs considered as indicators of
effective stunning and consciousness/sensibili-
ty recovery by EFSA expert (EFSA, 2004):
pédalage, fixed gaze, mydriasis, eyeball rota-
tion, pupil, cornea and eyelid reflexes, nystag-
mus, pain reflex determined by picking the
snout (nose pick), rhythmic breathing, vocalisa-
tion and attempts to raise. Finally, a third
observer positioned at the end of the bleeding
platform, recorded the time interval between
sticking and immersion into the scalding tank,
and some signs of certain death, such as com-
plete muscle relaxation and absence of breath-
ing. The noise produced by the equipment in
the slaughter room and the vibrations of the
conveyor belt did not allow the absence of heart-
beat to be verified, while horizontal bleeding
made the lingual ptosis difficult to be detected.

Results

The most frequent event observed during
handling in the unloading area was the use of
Electric prod, observed in 9.09% of pigs exam-
ined, followed by the slip (6.61%) and the fall
(2.48%). The monitoring of the handling in the
single-file chute, during which there was no
fall/slip, showed a high percentage of prodded
(90.91%) and vocalising (52.89%) pigs and an
average waiting time of 107’’ (±60’’). During
immobilisation, whose average time was 26’’
(±19’’), noticeable events were not recorded,
except for a pig which vocalised upon entering
the stun box (0.83%). As regards the monitor-
ing of stunning a correct positioning of the
tongs was observed only in 46.02% of pigs.
Particularly, in most animals the electrodes
were placed symmetrically behind the
mandible’s corner (47.67%), on either the hol-
low behind the ears (25.39%) or on the tempo-
ral region (20.63%). In a limited number of
subjects the tongs were placed symmetrically

on the dorsal part of the neck (3.97%), on the
cheeks close to the snout (1.59%) and on the
ears (0.79%). In two pigs where electrodes
were placed on the cheeks a further stunning
was made by placing the electrodes on the tem-
poral region. The basic current parameters
showed values between 192 and 220V (average
210.18±5.13), and between 0.67 and 1.73A
(average 1.17±0.20). Most animals (94.44%)
were exposed to a current exceeding 200V,
22.31% received a current equal to or greater
than 1.30A, the minimum level required by
Council Regulation (EC) No. 1099/2009
(European Commission, 2009), 56.20%
between 1.00 and 1.29A, and the remaining
21.49% less than 1.00A. The exposure time was
between 4 and 8’’. Vocalisations due to hot
wanding were detected in 14.28% of pigs
examined. The stun-to-stick interval was
between 6 and 26’’. Most pigs (72.22%) were
sticked within 15’’ from stunning, 26.20%
within 18’’ and only two animals (1.58%) after
more than 20’’. From the notes reported by the
observer in the relevant check list it was possi-
ble to relate the prolongation of stun-to-stick
interval over 15’’ to the need of manual release
of the conveyor belt by the stunning operator.
Pédalage was observed in 44.44% and 98.41%
of the animals examined before and after
sticking, respectively. Immediately after stick-
ing, in most animals (88.09%) the eyes were
closed. Fifteen pigs showed open eye with
rotated eyeball (10.31%) or fixed gaze and
mydriasis (1.59%). The analysis of the cross-
check lists of the first and second observer
showed that these two animals were sticked
after more than 20’’ from the end of the tong
application. Soon, all pigs with closed eyelids
opened their eyes, allowing the eyeball to be
observed, which appeared rotated in 86.51%.
As regards the clinical signs of consciousness
and sensibility, 84.13% of pigs showed both
corneal and blink reflex, associated in four
subjects (3.17%) to pupil reflex and nystag-
mus, 80.16% showed rhythmic breathing,
30.16% reaction to nose pick, 10.32% vocalisa-
tion and 4.76% attempts to raise. In all subjects
such signs appeared after variable times dur-
ing the first 2/3 of bleeding, with the exception
of two pigs in which the signs were observed
immediately after sticking. Despite the obser-
vation of a large number of animals with one
or more signs of consciousness and sensibility,
a second stunning was performed only on
those pigs which attempted to raise immedi-
ately after sticking (1.59%) or during bleeding
(3.17%). It is noteworthy that two of four pigs
stunned for the second time during bleeding
did not show pédalage and eyeball rotation,
while pupil reflex and nystagmus were
observed in all of them. Finally, at the end of
bleeding, whose average duration was 254’’
(±32’’), all animals showed complete muscle
relaxation and absence of breathing. 
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Discussion

In all pre-slaughter stages, frequencies of
occurrence of one or more indicators of poor ani-
mal welfare above the acceptable limits defined
for swine by Grandin (Grandin, 2012b) were
recorded, with the exception of the immobilisa-
tion step. Particularly, as regards the movement
in the unloading area, the fall was the only
parameter showing a slightly higher frequency
than the critical limit proposed by the same
author. Almost all falls and slips, the latter consid-
ered as a secondary criterion for which there is
no specific acceptability limit, occurred near the
entrance of the lairage; here some structural
weaknesses, such as the limited width of the
door, which requires pigs to form a single line,
the smooth floor and the light/shadow contrast
resulting in poor indoor lighting especially on
sunny days, have been identified. Therefore, it
should be necessary to restructure the unloading
area in order to allow the animals to walk side by
side, to maintain floors in such a way to min-
imise the risk of slipping, falling and injuring,
and to remove distractions resulting from the
light/shadow contrast. All these structural
requirements are foreseen in Council Regulation
(EC) No. 1099/2009 and the first two aspects also
in Council Directive No. 93/119/EEC (European
Commission, 2009, 1993). During the handling
in single-file chute, the percentage of prodded
animals and those vocalising were the only two
criteria that exceeded the limits of acceptability,
grading both as serious problem (Grandin,
2012b). The lack of fallen/slipped animals testi-
fies the structural suitability of the single-file
chute, designed and built for the exclusive han-
dling of heavy pigs. Whereas, the high variability
of waiting times in the chute due to irregular ani-
mal flow to the slaughter room seems to be the
main cause of the large number of prodded and
vocalising pigs. In fact, the discontinuity of ani-
mal handling operations from the lairage boxes
to the stun box led some groups of pigs to long
waiting times in the single-file chute, improper-
ly used as a sort of waiting pen. The animals
repeatedly moved forward and backward, and
overlapped, so most of them refused to enter at
the opening of the stun box’s door, forcing the
operator to frequently use the electric prod. It
must be emphasised that a steady supply of ani-
mals from the holding pens to the slaughter room
is explicitly required by Council Regulation (EC)
No. 1099/2009 (European Commission, 2009).
Handling small groups of animals, slowing the
speed of the slaughter line or, alternatively,
increasing the personnel involved in the pre-
slaughter stages are suggested as corrective
measures to raise the level of animal welfare dur-
ing this step. These measures would also reduce
the waiting time in the stun box, too long for
some subjects. Indeed, as noted in the check list
used for monitoring the immobilisation step, all

the delays in the application of electrodes result-
ed from the need of manual release of the con-
veyor belt by the stunning operator due to the
irregular pig flow. As regards stunning, animal-
based measures indirectly used to assess the
effectiveness of stunning, such as the percent-
age of vocalisations due to hot wanding and the
percentage of correct positioning of the tongs,
were considerably higher and lower, respectively,
than the limits of acceptability, scoring both as
serious problem (Grandin, 2012b). The frequent
wrong placement of the electrodes seems to be
the main factor affecting the high percentage of
vocalisations due to hot wanding and the per-
centage of pigs showing signs of consciousness
and/or sensitivity recovery during bleeding;
according to this criterion, the presence of only
one sensitive subject out of 100 animals checked
is sufficient to score the slaughterhouse as not
acceptable (Grandin, 2012b). In fact, the posi-
tioning of the electrodes in different areas from
those considered ideal implies a remarkable
increase of the impedance; this increase hinders
the current flow and may delay or prevent the
achievement of minimum amperage necessary
to induce an effective and enduring stunning,
leading to possible painful electric shocks and
consciousness and/or sensitivity recovery before
the death (EFSA, 2004). Even a malfunctioning of
the stunning device may have contributed to the
high percentage of conscious and/or sensitive
pigs during bleeding. Actually, the voltage was set
to 245V but it never exceeded 220V, well below
the recommended minimum value of 250V (Anil
and McKinstry, 1998; EFSA, 2004; Grandin,
2012b). Therefore, effective corrective measures
aimed at raising the level of animal welfare at
this critical pre-slaughter stage may be repre-
sented by increasing the number of operators in
the stun-to-stick area or, alternatively, by slowing
down the speed of the slaughter line, in order to
enable the stunner to pay more attention to the
positioning of tongs, as well as by regularly cali-
brating the stunning device. Finally, it must be
emphasised that the EFSA has recently urged a
public panel discussion among all stakeholders
to better define the indicators of effective stun-
ning and of consciousness and/or sensitivity
recovery. The observed frequencies suggest that
in the electrical stunning of pigs by means of
tongs followed by horizontal bleeding the
pédalage, easily detectable even at a distance, is
the best indicator of effective stunning, and that
the corneal and eyelid reflexes as well as rhyth-
mic breathing are the best indicators of sensitiv-
ity recovery after sticking.

Conclusions

The results obtained at the slaughterhouse
under investigation demonstrate the applicabili-
ty and especially the usefulness of the animal

welfare assessment system developed by Grandin
for AMI. Besides allowing the steps at greater
risk to be identified, the animal-based measures
allowed the causes of non-compliance with ani-
mal welfare to be determined and the corrective
measures to be suggested. The main advantage
of this system is represented by the small num-
ber of criteria considered, which makes the mon-
itoring of pre-slaughter stages, particularly han-
dling, easier. Some concern arises about the
acceptability limits defined by the same author
on the basis of standards guaranteed by US
industrial slaughterhouses which may be too
restrictive for our production realities. In fact,
especially light pigs are slaughtered in these
establishments, where also the use of automated
head-to-body electrical stunning is widespread.
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Abstract

The Amflora (EH92-527-1) potato is a
genetically modified (GM) potato in which
only starch of the amylopectin form is pro-
duced. This has been achieved by interven-
ing with the biosynthesis of starch in this
variety of potato. The Amflora potato is sole-
ly grown for the purposes of enhancing its
industrial application. Although the Amflora
potato is not fit for human consumption, the
presence of the potato itself or any of its
derived products in the food chain cannot be
excluded, it should be considerate adventi-
tious or technically unavoidable and can be
accepted in a proportion no higher than
0.9%. To achieve the goal of our work we
analysed forty-five potato-derived products
to evaluate transgenic potato presence by
real time polymerase chain reaction, obtain-
ing negative results. In order to verify the
correct application of the law and to assure
the quality for the consumer, it is necessary
to continue GM monitoring to verify the
adventitious presence itself in food.  

Introduction

Amflora (EH92-527-1) is a genetically
modified (GM) potato variety, Solanum
tuberosum L. of the chemical company BASF
(Ludwigshafen, Germany). The potato has a
modified starch composition. In the conven-
tional potato starch is composed of two main
parts amylose and amylopectin, 20% and 80%
respectively. While amylopectin is the
required starch component for industrial
purposes due to its thickening properties,
amylose is the unwanted starch component

due to its gelling properties that result in the
dissolved potato starch being unstable. For
this reason, the two components must be
separated. Separating amylopectin and amy-
lose in potato starch requires energy and
water consumption which makes it uneco-
nomical. Although potatoes by their nature
produce a mixture of amylose and amy-
lopectin, Amflora was genetically engineered
to produce only the amylopectin component
of starch. Amflora was developed by silenc-
ing the expression of the starch synthase
protein (GBSS), using antisense strategy to
eliminate the expression of amylose. A gene
conferring kanamycin resistance (nptII)
was used as a selectable marker. Since
Amflora potato is not fit for human consump-
tion, it is solely grown to improve the indus-
trial applications of the potato (paper indus-
try, textile industry, in adhesives and in con-
struction materials) (Abdallah, 2010). 

The placing of the GM potato EH92-527-1
(BPS-25271-9) on the market for cultivation
and industrial uses has been approved by the
Commission Decision 2010/135/EU, in accor-
dance with Directive 2001/18/EC of the
European Parliament and of the Council
(European Commission, 2010a); whereas
the Commission Decision 2010/136/EU, has
authorised the placing on the market of feed
produced from GM potato EH92-527-1 (BPS-
25271-9) and the adventitious and technical-
ly unavoidable presence of the potato in food
and other feed products, under Regulation
(EC) No 1829/2003 of the European
Parliament and of the Council (Commission
Decision, 2010b).

The aim of this was to screen commercial
processed containing potato derived prod-
ucts from both nation and international mar-
kets, in order to monitor and verify the
adventitious presence of GM Amflora. 

Materials and Methods 

Forty-five samples of potato-derived prod-
ucts from different markets were investigat-
ed (Table 1). DNA extraction from frozen and
dried potato was carried out in accordance
with CTAB method validated by European
Union Reference Laboratory for GM food and
feed (4). The DNA of each sample was
examined to verify potato-DNA by Real Time
PCR by amplification of UDP-glucose
pyrophosphorylase (UGPase) gene (Savini et
al., 2006, 2010). The potential presence of
GM potato in food matrices was detected by
PCR screening for the nos terminator (T-
nos) DNA sequence of nopaline synthase
from Agrobacterium tumefaciens, according

to real-time PCR method for detection of T-
nos (Permingeat et al., 2002).

Results

The amplification plot showed the pres-
ence of an 88bp fragment of the UGPase gene
from Solanum tuberosum in all samples
examined (Figure 1a) The PCR screening of
nos terminator (T-nos) DNA sequence, of
nopaline synthase from Agrobacterium tume-
faciens, confirmed the total absence of
Amflora potato in food matrices investigated,
as showed in Figure 1b and Table 2. 

Discussion and Conclusions

In order to verify the correct application of
the law, it is required to constantly monitor-
ing food matrices to safeguard the con-
sumers. The European Regulations set the
labelling requirements for all the GM organ-
ism-containing products (food and feed),
with a tolerance threshold established at
0.9% for authorised GM organisms and at
0.5% for GM organisms under authorisation
procedure (Regulation EC N.1829/2003;
European Commission, 2003). Amflora is
been marketed for industrial use but not
authorised for human consumption, thus its
presence can only be accepted with a toler-
ance threshold below 0.9%, as an adventi-
tious presence. The method used for DNA-
extraction of starch products from food

Italian Journal of Food Safety 2014; volume 3:1628

Correspondence: Maria Giovanna Tilocca,
Dipartimento di Igiene degli Alimenti, Istituto
Zooprofilattico Sperimentale della Sardegna, via
Roma 231, 09123 Cagliari, Italy.
Tel./Fax: +39.070.678391.
E-mail: mgtilocca@gmail.com

Key words: Solanum tuberosum, Amflora,
Amylopectin, GBSS, RT PCR.

Received for publication: 30 April 2013.
Revision received: 17 September 2013.
Accepted for publication: 26 September 2013.

This work is licensed under a Creative Commons
Attribution 3.0 License (by-nc 3.0).

©Copyright M.G. Tilocca et al., 2014
Licensee PAGEPress, Italy
Italian Journal of Food Safety 2014; 3:1628
doi:10.4081/ijfs.2014.1628

Non
-co

mmerc
ial

 us
e o

nly



[page 58] [Italian Journal of Food Safety 2014; 3:1628]

matrices is particularly suitable to provide a
very good performance as confirmed by
UGPase endogenous gene amplification, for
all sample analysed (Figure 1a and Table 2).
An high-quality potato-DNA is essential in
order to achieve the subsequently real time
PCR assays to verify the potential presence
of GM material. Results are able to confirm
the total absence of Amflora for the samples
analysed so far. It is necessary to continue
GM monitoring so as to assure consumers
about the absence of Amflora in both local
and imported food products. 

Short Communication

Table 1. Potato-derived products investigated and their country of origin. 

Potato-derived Number Country of origin
products of samples (manufactured or produced)

Raw potato 5 Italy
Potato flour 5 Italy/Germany
Mashed potato (frozen and dried) 5 Italy/Germany/France
Crisps 5 Italy/Germany
Frozen fries chips 5 Italy/Germany/Canada
Frozen raw potatoes 5 Italy/Germany/Canada
Bread-potato 5 Italy
Homemade potato-sweet 5 Italy
Homemade potato-pasta 5 Italy

Figure 1. Amplification plot of UDP-glucose pyrophosphorylase gene (a) and nos terminator DNA sequence (b) in all samples exam-
ined. 

Non
-co

mmerc
ial

 us
e o

nly




