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Abstractð In modern industrialised societies, all 

meat products have direct contact wi th a broad 

range of materials and articles while in transit from 

primary production to final consumption. Cutting 

devices, conveyor belts, tubes and containers are 

important in the production process, packaging 

materials are obligatory for storage of food, and 

kitchen utensils are used in restaurants and at the 

consumers' home. However, the volume of 

packaging materials by far exceeds other Food 

Contact Materials (FCM), which is therefore the 

primary subject of this presentation. The basic 

requirements in legislation are that FCM must be 

ñinertò and the foodstuffs must be ñpureò (EC 

2004). Although the current EU legislation is 

rapidly changing, it still far from covers all 

materials and chemicals used. Furthermore, new 

materials and applications such as surface coatings, 

active and intelligent packagings, sterilisation 

procedures and applications utilising 

nanotechnology are constantly being developed by 

an innovative industry. The most important 

function of a packaging material is its ability to 

preserve the quality of the packed food. At the same 

time the packaging material should have minimal  

impact on the product in order to fulfill basic 

requirements in the current EU legislation 

regulating the food safety aspects of Food Contact 

Materials (FCM). The production of food contact 

materials includes beside positive listed substances 

(EC 2002) potentially several thousand di fferent 

chemicals from i.e. printing inks, lacquers and 

adhesives. Others are non-intentionally added 

substances (NIAS) or reaction and degradation 

products that can be formed from reactive 

chemicals. It is certainly a significant task for the 

food producer to ensure that their FCM are 

compliant, a task which can only be solved by close 

cooperation between all shareholders upstream in 

the FCM production chain. This presentation will  

review several principally different examples of 

typical meat packagingôs that potentially gives rise 

to problematic migration. Among the examples are 

investigations from our own laboratory concerning 

migration of plasticisers from PVC (Petersen et al., 

2004) as well as printing ink ingredients (Petersen et 

al., 2007).     
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Abstractð Food safety globally has received 

significant media focus due to many recalls and high 

profile consumer incidents.  There are many as pects 

to food safety wi th physical contamination as one 

critical aspect to this overall category.  Systems and 

technology must be in place and properly used to 

effectively reduce physical contamination prior to 

packaging or after packaging: detection goal 

dependent.  X-Ray technology continues to improve 

on the detection of many dangerous and hard 

physical contaminants.  Installing a system in the 

proper location has seen reductions in consumer 

complaints on bone as much as 98% in some 

applications.  Further, the technology provides 

addi tional packaging analysis benefits simultaneous 

to contaminant detection.  X-ray technology 

continues to advance and is beneficial to any food 

production lineôs HACCP or GMP program.  This 

presentation will summarize the benefits of x-ray 

technology in detail. 
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I.  INTRODUCTION 

 

E often hear the news of accidents related to 

foreign bodies in food products which harm and 

displease consumers and result in expensive recall costs 

for the manufacturer.  Food Safety is one of the most 

important issues for the food industry globally.  

Admin istrations and government offic ials are also 

raising the level of interest to a higher position within 

their governmental strategies.  Understanding the 

various technologies that are available to improve food 

quality and assure overall consumer satisfaction is 

paramount to any food manufacturer.  X-Ray 

technology is fast becoming one the technologies that 

provide benefits beyond traditional inspection methods 

in both food safety and food quality arenas. 

Consumers and fast food restaurants expect safe food.  

This concern directly justifies the importance of foreign 

body detection machines which is further proven by the 

active investment in such equipments even at this time 

of world economic depression. The increase in the use 

of x-ray technology is directly related to its ability to  

detect contaminants that are harmful to people and 

children and ultimately to company brand images.  

Additional benefits of the technology beyond foreign 

body detection are also evident with processors using 

the technology to assure package integrity and fill level 

concerns. 

II.  ACTIONS AGAINST FOREIGN BODIES AND 

BONES 

In the meat market, wh ich is the theme of this paper, 

broken pieces of bones, metals from the processing 

machines, stones, and rubber gasket materials are found 

by consumers.  X-Ray technology prevents many of 

these foreign body items from reaching the market using 

the following methods. 

 

1. PREVENT THE INTRODUCTION OF 

FOREIGN BODIES 

a.  An exhaustive quality inspection of raw materials 

i.  Confirmat ion and guidance of quality 

management to the raw material producers 

ii.  Identifying the possibility of mixing foreign 

bodies at the time of transfer and establishing 

means of transfer and reliab le practices 

iii.  Establishment and practice of the inspection 

and storing methods after receiv ing raw materials 

b. An exhaustive strategy to avoid foreign bodies 

during manufacturing 

i.  Damage and fall away caused by the metal fat igue 

ii. A part (e.g. a nut) falls away from the factory machines 

iii.Falling objects (e.g. rust and dust) from the ceilings 

iv. Dusts piled up in the flow of conveying 

v. Invasion of insects from outside 

vi. Operation errors during the process of deboning 

 

2. REJECT PRODUCT THAT HAS FOREIGN 

BODY INCLUSIONS 

a. Visual inspection: It is possible to reject bones, 

livestock fur, stones, etc. 

i.  Advantage:  

ü Possible to remove cartilage, livestock fur, 

and vinyl which cannot be detected by the 

current inspection machines 

W 
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ii.  Disadvantage: 

ü Missing those foreign bodies very often 

ü Cannot remove small foreign bodies 

ü Need many working-hours 

ü High demands on workers 

 

b. Metal Detection: Rejecting metal fo reign bodies 

using metal detectors 

Rejecting contaminants at various locations within 

the facility is critical to success of a good metal 

detection strategy.  Inspection should be located at 

the raw materials, during processing, after 

individual packaging process, and at the final 

process of wrapping 

i. Advantage:  

ü Possible to guarantee detection of some 

metals with s mall investment  

ii.  Disadvantage:   

ü Cannot detect non-metal materials such as 

bones, stones, and glass 

ü Poor sensitivity of non-magnetic metals such 

as SUS in products which contain a lot of 

sodium and juice in meats or within big 

products 

ü Weak in product temperature drift as the 

possibility of false reject rate gets higher 

 

c. X-Ray Inspection:  Rejects foreign bodies such as 

metals, bones, stones, glasses, etc. from raw 

materials or finished products 

i.  Advantage:  

ü Stable detection of ferrous, SUS and almost 

metals in small sphere or wire shapes, bones, 

stones, glasses, etc. are possible 

ü Additional product integrity benefits are 

available 

ii.  Disadvantage:  

ü Larger investment than metal detection is 

necessary 

 

III.  EXPLANATION OF X-RAY TECHNOLOGY 

INTEREST 

The following section is an explanation of X-ray 

Inspection Machines that are receiving more attention 

and are gradually being recognized and accepted by the 

market. 

The history of X-ray Inspection Machines for the food 

market is more than 20 years.  The year 2000 was a 

major turning point.  In the year 2000, new x-ray 

technology was introduced solving many of the 

concerns or problem of previous (and still existing) x-

ray inspection machines as indicated below. 

1) Expensive or not of value (approximately 

US$300K),  

2) Poor Sensitivity or not to a level beyond standard 

metal detection  

3) Large Footprints  

4) Poor Stability 

5) The need for constant calibration during operation 

6) Reliability Concerns as many systems had a high 

probability of failure. 

 

After committ ing to the new X-ray Inspection Machine 

Technology and the inherent value, the market increased 

its sales from 50 machines per year to 300 machines per 

year in Japan. It especially became an important and 

necessary addition for sausage production lines.  Prior 

to the introduction, there was no effective way of 

detecting and removing small bone fragments. Vendors 

managed the concerns by apologizing whenever they 

had claims from customers about bone.  Due to the 

ability to detect bones with high probability, the market 

of X-ray machines increase significantly in a very short 

period of time.   

 

The incidence of bones in a product is many times more 

than other types of foreign bodies.  For example, if there 

is a single detection of metal per week in the production 

line, there are 10+ cases of finding a bone per day.  

Since the advent of these reliable machines to detect 

those bones and other contaminants, the market of 

inspection machines has changed drastically.  After that, 

it became necessary to do the quality inspection using 

the X-ray Inspection Machines in Japanese markets and 

the markets import ing to Japan.  Soon after, the 

technology gradually spread out to Europe and North 

America.   

 

Today, the product performance and line-up of the X-

ray Inspection Machines continues to expand and add 

even more value through reliability and features.  It is 

clear that x-ray technology is here to stay. It provides 

manufacturers with a solid solution of protecting their 

brand, their consumer and provides a possible marketing 

advantage over their competit ion.   

 

 X-Ray Technology vs. Metal Detection 

 

As you can see in the chart above, X-ray Inspection 

Machines are significantly superior to Metal Detectors 

in the performance of detection sensitivity; however, 

there is a case that X-ray Inspection Machines cannot be 
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equal to metal detector in a few part of metal bodies 

(such as powder metal, very thin sheet metal, etc.).  

Ideally, it  is desirable to use both X-ray Inspection 

Machines and metal detector. 

IV.  X-RAY INSPECTION MACHINES 

APPLICATIONS 

X-ray Inspection Machines can be used installed in the 

following positions on a production line. 

 

1. AFTER PACKAGING:  Inspection after 

packaging makes it possible to maintain the quality of 

products which are directly consumed by the purchaser.   

It is also possible to detect smaller foreign bodies by 

inspecting small amount of products.  Therefore, when 

you think about installing X-ray Inspection Machines, it 

is ideal to set it up in this process because it is possible 

to use the standard machines which use curtains to 

prevent X-ray leakage, can inspect for small b its of 

contaminants, can calculate a weight, can inspect for 

missing items and other product issues making the 

overall solution price effect ive.   

2. BULK MEAT OR BULK INGREDIENTS:  The 

effective methods of detecting small foreign bodies are 

to inspect a thin layer of ground meats or ingredients or 

to pass them through pipe type of X-ray Inspection 

Machines.  Applying these methods, the product 

imaging effect becomes flat or s mooth maximizing 

detection capabilit ies  This control assists with the 

identification of small signals of small foreign bodies 

providing improved accuracy.  These methods also 

reduce recycling meats and wasting packaging 

materials.   

3. RAW MATERIAL INSPECTION:  This is also an 

effective position which inspects and removes big bones 

in raw materials.  If a big bone is in a block meat, the 

big bone is crushed during the next processes and the 

pieces of the bone are scattered over a wide area.  As a 

result, contaminant bone inclusions increase and 

deteriorate the manufacturing efficiency by increasing 

the reject rate using X-ray Inspection Machines at the 

next processes.   You cannot expect to detect small 

bones in this application. 

 

V.  CONCLUSION 

X-ray Inspection Machines are making constant 

progress.  Examples are; improvement of X-ray 

generators and X-ray detector in order to take clearer 

images and development of special Image Processing 

software mainly food products in order to decrease the 

product effects and to extract the effect of foreign 

bodies.  In addition to the inspection of foreign bodies, 

the X-ray is adding other inspection functions such as 

inspections of mass measurement, fat-lean analysis, 

quantity check, missing item check, seal condition 

check, etc.  It is also important to consider sanitation in 

manufacturing production line of meat and cheese 

products.  It is hopeless if the inspection machines cause 

the growth of bacteria by itself.  Especially, it is 

necessary to introduce machines with the ability to be 

sanitary in design to effectively clean it from residual 

meat accumulated during the process of unpacked flow.  

This decision is critical and important as incidences of 

listeria and other bacteria increases. 

Current X-ray Inspection Machines do not solve all 

quality concerns as the market demands additional 

increases in detection capabilit ies for items such as 

smaller and soft bone, very thin metal, and plastics to 

name a few.  I believe that it is necessary to establish 

methods of making contaminants stand out with 

distinction between the characteristics of meats and 

foreign bodies (such as bones) at the stage of X-ray 

penetration images.  The industry of food inspection 

promises a technological revolution based on the 

original ideas which are free from the existing 

technology and methods and offer high performance 

machines to the market.   
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AbstractðHeterocylcic Amines (HAs) are 

carcinogenic compounds found at the surface of 

roasted and grilled meat. Estimation of consumer 

exposure to HAs remains under debate in 

epidemiological studies. The formation of 

heterocyclic amines was modeled in slices of 

longissimus thoracis (LT) and semimembranosus 

(SM) beef muscle subjected to jets of superheated 

steam and of hot air at temperatures ranging from 

170°C to 250°C and treatment times ranging from 1 

to 20 minutes. The quantities of IQx and 4,8-

DiMeIQx formed in LT slices were smaller than 

those given in literature for meat juices, while 

MeIQx and PhIP formation is related to the water 

content or activity in the meat sample. A first-order 

kinetics model taken from the literature was  

adapted to describe the results obtained on meat.    
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I.  INTRODUCTION 

HETEROCYCLIC Amines (HA) are formed in trace 

amounts in cooked muscles. To date, more than 20 HA 

have been isolated as potent mutagens. HA formation 

rate increases with temperature. The temperature range 

of 150°C-200°C, which is widely used for grilling and 

oven roasting, enhances HA format ion, whereas at 

temperatures ranging from 225°C to 250°C the HAs 

begin to degrade or react with other compounds [1]. It  

has been demonstrated that both meat and gravy are 

important sources of HAs [2]. However, insufficient  

current knowledge on the exact quantities produced 

under different cooking conditions leads to 

epidemiological studies wrongly estimat ing consumer 

exposure levels [3]. Highly precise controlled heating 

conditions were applied on 1-2 mm meat slices of lean 

Longissimus thoracis (LT) and semimembranosus 

(SM) muscles subjected to a superheated steam [4] or 

hot air jet. The amount of HAs formed in the meat was 

determined at different treatment times. This paper 

reports on the main results and conclusions obtained on 

the polar HAs (IQ, IQx, MeIQ, MeIQx, 4.8 DiMeIQx, 

PhIP) which are the most important ones found in meat 

cooked in ovens or using electrical grills.   

 

II.  MATERIALS AND METHODS 

Longissimus thoracis and semimembranosus muscles 

were taken from carcasses of 18-month-old heifers 

immediately after slaughter. The muscles were cut into 

big pieces, aged for 12 days under vacuum-packed 

conditions, then frozen and stored at -20°C. Some of 

the samples were used for biochemical analysis while 

others were kept for thermal treatments. Biochemical 

analyses of thawed muscles consisted in measuring pH 

and determining the muscle content of creatinine, 

glucose 6P, glucose, phenylalanine, tyrosine and 

tryptophan, which are known to be important 

precursors of HA formation. We also determined 

glycogen content, as thermal treatment favors glycogen 

hydrolysis and thus the release of glucose [4]. The 

heating apparatus was designed to treat 1-2 mm meat 

slices using either superheated steam jets [5] or hot air 

jets. The temperature of the impinging superheated jet 

was either 190°C or 220°C while the temperature of 

the hot air jet was close to either 170°C, 210°C, 250°C, 

300°C or 400°C. The exact temperature value of the 

imping ing jet was measured second-by-second using a 

0.5 mm-thick calibrated type K thermocouple 

positioned 3.0 mm above the middle of the sample 

surface. The temperature at the sample surface was 

measured using a calibrated digital IR pyrometer [5]. 

During the experiment, the sample was slid beneath the 

hot jet. At the end of the heat treatment, the sample 

surface was rapidly cooled by sliding the sample 
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beneath a jet flow of cold air. HA determinations were 

carried out by LC-APCI-MS/MS according to a 

method previously developed for chicken meat and 

adapted for beef meat [4]. Briefly, one gram of 

lyophilized beef meat was first treated with NaOH 1M. 

The internal standard (TriMeIQx) was added at this 

stage at a concentration of 50 pg/µL. After liquid/liquid  

extraction (methylene chloride, Extrelut), purification 

by solid-phase extraction (Oasis MCX), and 

evaporation to dryness, the resulting residue was re-

dissolved in 200 µl of the starting LC mobile phase. 

Separation was performed using a Chromsep Pursuit 

C8 column (Varian, 150 x 2 mm, 3 µm) fitted with a 

guard column, and a gradient elution of mobile phases 

A: AcONH4 (30 mM, pH5) and B: ACN/MeOH (2/1). 

Then, 20 µL of the final extract was injected, and 

separation was performed at 25°C at a flow rate of 

0.2ml/min. Mass spectrometric detection was carried 

out on a TSQ Quantum (Thermo Electron) trip le 

quadrupole mass spectrometer using positive APCI 

ionization. The reaction model was a first-order 

reaction model adapted from a literature used to predict 

HA format ion in meat ju ices [6].   

 

III.  RESULTS AND DISCUSSION 

The four polar amines IQx, MeIQx, 4,8-DiMeIQx and 

PhIP showed concentration patterns that were regular 

and repeatable in relation to time and temperature. An 

example of the kinetics recorded in LT muscle for IQx 

under superheated-steam jet and under hot-air jet is 

reported in Figure 1. The error bars indicating standard 

deviations of the measurements are given for 

temperatures Ò  250ÁC. These deviations were 

significantly weaker for hot air than during the 

experiments run with superheated steam, due to the 

better control over the temperatures in the air jets, and 

were mostly b lanketed by the experimental point  

spread. In contrast, standard deviation became very  

high (approaching 40% of measured concentration) at 

air jet temperatures of 300°C and 400°C due to the 

violent structural breakdown of the product making it  

difficult to control the experiment. The kinetics 

measurements on LT were consistent with literature 

results. HA format ion, which was weak at 170°C, 

increased significantly between 210°C and 250°C 

(except for 4,8-DiMeIQx which increased between 

170°C and 210°C). This increase appeared to level off 

at jet temperatures in the 250°C to 400°C range. 

However, for the short-burst treatment times 

considered, average sample temperatures remained 

similar, regardless of jet temperature. There was an 

intense level of HA formation during the first 600s of 

treatment. After the 600s thresholds, HA can 

concentration either remained constant or dropped 

significantly depending on the type of heterocyclic 

amine and on the treatment condition.  

The amounts of IQx and MeIQx were substantially  

higher under superheated steam treatment than with the 

dry hot air jets, but the concentrations obtained were of 

a similar order of magnitude. PhIP and 4,8-DiMeIQx, 

however, showed radically different patterns. Given 

that the samples shared exactly the same pH and 

composition in HA precursors and were subjected to 

comparable temperature kinetics, the differences 

observed were very likely due to differences in water 

content or in water activity. It is also possible to 

compare the values recorded here with meat slices [4] 

with the values reported in juice system [6]. As soon as 

temperature is close to 200°C, HA formation in slices 

of LT muscle subjected to jet treatments was 

considerably lower than in experiments carried out on 

meat juice, except for PhIP.  

The concentrations of 4,8-DiMeIQx, IQx and MeIQx 

formed in slices of LT subjected to hot air jet 

represented only 3-4%, 11-13% and 26%-50%, 

respectively, of the concentrations measured in meat  

juice. Th is effect was radically different for PhIP, 

which formed at 137% to 550% higher concentrations 

than predicted by liquid media model. HA formation in  

LT meat can be described using the same basic first-

order kinetic model and similar activation enthalpy and 

activation entropy values to those used in a meat juice 

system [6] but some of the parameters of the model 

have to be transformed to become temperature 

dependent.  

This means that the reaction mechanisms in a meat 

matrix and in meat ju ice should be similar, with a 

bimolecular rate-limit ing step (one of the two reactants 

being in large excess) for DiMeIQx, 4,8-DiMeIQx and 

IQx and a monomolecular reaction for PhIP [7]. 

However, the enthalpy and entropy values of the 

different HAs are different and are not ordered in the 

same way as in meat juice, except with PhIP which has 

greater entropy values than all the other HAs in both 

meat matrix and meat juice. HA format ion in  

semimembranosus muscle was also measured at two 

temperature levels, i.e. 210°C and 250°C. Figure 2 

gives SM-LT ratios between HA quantities measured 

in semimembranosus (SM) and longissimus thoracis 

(LT) muscle at a hot air jet temperature of 210°C. SM-

LT ratio decreases through to the end of treatment. For 

PhIP and IQx, the ratio of quantities formed was 
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greater than 1 after a 300s treatment but dropped to 

marked ly below 1.0 as soon as treatment time crossed 

the 600s threshold. MeIQx and DiMeIQx showed a 

smoother decrease. After 1200 s at 210°C, SM-LT ratio  

was 0.24 for PhIP and between 0.40 and 0.55 for the 

three other HAs. Similar behavior was observed at 

250°C.  

The LT and SM muscles were both lean and of 

comparable fat content. The two raw muscles also had 

similar pH and precursor composition, except for 

phenylalanine and for glycogen, which has to be 

hydrolyzed before affecting HA formation. Difference 

between the results could be explained by difference in  

water migrat ion. The meat juices even appeared to 

visibly release differently from the two different  

muscles during cooking. Either way, the strong 

differences between quantities of 4,8-DiMeIQx and 

PhIP formed when the same type of muscle (LT) is 

subjected to either hot-air jets or superheated steam 

confirms the key role of water activ ity in HA formation 

in meat slices (previously observed in model systems). 

It is therefore crucial to factor water activity into future 

kinetic models of HA format ion.    

 

IV.  CONCLUSION 

Results prove that in the meat matrixes 4,8-DiMeIQx, 

IQx and MeIQx form in smaller quantities in meat than 

in meat juice. Calcu lating the concentrations of these 

HAs based on the kinetic model meat juice system 

would result in a 2 to 10-fold overestimat ion of the 

actual degree of consumer exposure when consumers 

do not ingest the juice. In contrast the PhIP 

concentrations measured in the LT muscle were 1.4 to  

5.5-fold higher than those predicted by the ójuice 

modelô. Predicting HAs formation in ord inary cooking 

conditions requires to combine kinetic models with  

transfer models that give reliab le value of the 

temperature and water content ñin the crustò which 

develops at the meat surface during its roasting and 

grilling. Such a work is in progress in the Prosafebeef 

project   
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AbstractðThe efficacy of intense pulsed light to 

inactivate Escherichia coli O157:H7 on stainless 

steal slicing knife was investigated in this study by 

evaluating the effects of treatment times after the 

contamination and number of successive flashes. 

The sterilization system generated 3 J/ cm2 per 

pulse for an input voltage of 3000 V. Side of 

inoculated round knife (Ø6,5 cm) used for slicing of 

dry-fermented sausage was treated after 

1,5,15,30,45 and 60 minutes. The number of flashes 

used were 1 and 5.  Maximum  reduction was 6.5  

log10 CFU per side of a knife achieved with only 

one flash, 1 minute after inoculation whereas 3.75 

log10 CFU reduction after 5 minutes with the same 

number of flashes. Successive flashing of the side of 

a knife appears to be ineffective at inactivating E. 

coli O157:H7 to the extent significantly greater than 

the effect achieved with a single flash (P>0,05).  

Overall, this study demonstrated that a significant 

level of E. coli O157:H7 reduction can be achieved 

on a stainless steal meat slicing knife with a very 

short treatment time after its inoculation and with a 

single flash. ILP unit was laboratory-scale batch 

system but the technology is fully scalable to 

production size and semi-continuous processing.    
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I.  INTRODUCTION 

Pulsed light treatment is a novel method for the  

decontamination of surfaces and has been proposed as 

a technique for surface decontamination of food and 

food contact surfaces. The process involves generation 

of high intensity light pulses used to flash target 

surface with a broad spectrum white light leading to 

partial or complete microbial inactivation. The broad 

spectrum white light produced by pulsed light 

equipment is typically in the wavelength 200-1100 nm 

which comprises of 15% ultraviolet light, 50% v isible 

light and 35% near infrared light. During the pulse, the 

system delivers a spectrum that is 50,000 more intense 

that sunlight at the earthôs surface [10]. The system 

provides very short pulses (300ɛs) to the surface of the 

test material. Th is short pulse reportedly heats the 

surface of the material to approximately 160°C during 

the moment of the flash but this is a very short duration 

(300ɛs) so it is essentially a non-thermal process [10]. 

The mode of action of the pulsed light process is 

attributed to the effect of the high peak power and the 

UV component of the broad spectrum of the flash. 

Inactivation occurs by several mechanisms, including 

chemical modificat ion and cleavage of DNA, protein 

denaturation and other cellular materials alteration 

[14].  

Studies in which the UV component was filtered out 

showed marked reductions in process efficacy [12]. 

The UV light transforms the pyrimidine bases in the 

DNA and forms dimmers so the microorganism cannot 

replicate [13]. Under certain experimental conditions 

with continuous UV treatment, repair of the damaged 

DNA can occur, but this repair does not occur after 

pulsed light treatment [3] The ability of continuous 

ultraviolet (UV) light and visible light to inactivate 

cellu lar microorganisms is well known [1,11,6,2]. In  

recent years, research attention has been focused on the 

investigation of bactericidal effects of intense light 

pulses (ILP) on food surfaces and in food preparation 

environments [8]. It has been demonstrated that the 

xenon flash lamp used in ILP treatment units is an 

efficient UV source for the inactivation of E. co li, 

which is generally accepted as a representative 
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organism for a wide range of Gram negative bacteria.  

The inactivation of E. co li displays a maximum at  

wave length of 270 nm. No measurable inactivation 

was observed to occur above 300 nm [16]. Today, the 

literature on pulsed light is rapidly expanding, but a 

gap remains between fundamental and applied research 

with respect to decontamination and food safety 

[7,4,9]. The main objective of this work was to 

examine the preventive decontamination effect of 

intense light pulse treatment (ILP) on a round, stainless 

steal, meat slicing kn ife as a surce of contamination of 

sliced ready-to-eat meat products. E. coli O157:H7 was 

chosen as a typical test microorganism.    

 

II.  MATERIALS AND METHODS 

A. Intense light pulse (ILP) equipment The test 

assembly consisted of a housing, a stroboscope and a 

lamp. The housing was a rectangular parallelepiped 

stainless steel box (length: 100 cm, width: 100 cm, 

depth: 60 cm). Pulse duration of 300 ɛs and pulse 

intensity of 3 J/ cm2 were used for an input voltage of 

3000 V. The lamps were a 20 cm cylindrical Xenon 

flash lamp (Flashlamps Verre & Quartz, Bondy, 

France), with the spectral distribution of the light as 

reported by the Claranor shown in the Figure 1. Intense 

light pulse unit was laboratory-scale four-lamp batch 

system and it was used with top and bottom lamp 6 cm 

and left and right hand lamp 10 cm away from the 

treated sample (knife). Both side lamps were elevated 

5° degrees above the horizontal line.  

 

B. Bacterial strain and culture condit ion  E. coli O157 

strain 463 from Laboratory of Food Microbiology and 

Food Preservation (LFMFP) was used throughout the 

study. A reference stock of E. co li O157 LFMFP 463 

was kept at -70°C in Tryptone Soy Broth (TSB; Oxoid, 

Basingstoke, England), supplemented with 0.6% w/w 

yeast extract (YE; Oxoid), with 15% v/v glycerol 

(Pro labo, Heverlee, Belg ium). A stock culture was kept 

at 4°C on a Tryptone Soy Agar (TSA; Oxoid) slants 

supplemented with 0.6% YE. The stock culture was 

refreshed monthly. Working cultures were prepared by 

suspending a loopfull (1ɛl) in 10 ml of fresh TSBYE 

and incubated for 24 h at 37°C. During experimental 

setup, stationary phase cells were used and an initial 

inoculation level of approximately 6.5 log10 bacteria 

per ml was obtained by appropriate 10-fold dilut ions of 

the working culture in TSBYE.  

 

C. Preparat ion and inoculation of the knife Po lished 

stainless steal round knife with a diameter of 6,5 cm 

was used.  It was soaked overnight in technical alcohol, 

scrubbed thoroughly with a brush, rinsed three times in 

tap water and twice in d istilled water, and autoclaved at 

121°C for 15 min. Then it was used for the slicing of a 

dry-fermented sausage bearing a Protected Designation 

of Orig in (PDO)  mark and purchased from a local 

retailer. After 30 sec of a slicing the knife was 

inoculated with E. coli O157:H7. A single 

decontamination experiment involved transferring a 0.1 

ml specimen of the E. co li O157:H7 suspension to the 

knife that had been in contact with the sausage, 

aseptically drying for 1, 5, 15, 30, 45, and 60 min after 

the inoculation at room temperature and, finally  

exposing the knife to 1 or 5 flashes of intense pulsed 

light. The inoculated knife without the ILP treatment  

represented the control. Throughout the experiment, 

the knife was handled aseptically with sterile forceps.   

 

D. ILP treatment  Treatments consisted of 1 or 5 

flashes and every flash was manually started at a rate 

of one pulse per 2 second. The time after the 

inoculation till  ILP treatment was accounted and 

ranged from 1 minute to 1 hour. The lethality of the 

process was evaluated establishing the degree of micro-

organism inactivated by subtracting the logarithm of 

the count after the treatment from the logarithm of the 

count before the treatment. All the experiments were 

carried out in quadruplicate using the same culture on 

the same day for every pair of trials (treatment and 

control) to min imize sample variability.   

 

E. Microbiological analysis Surviving cells on the 

complete surface of a side on the stainless steal knife 

were swabbed with 3MÊ Sponge-Stick.  Hydrated 

sponge with 10 mL Neutralizing Buffer on stick 

allowed sampling without directly handling the sponge 

or the knife. After the swabbing the sponge was 

aseptically detached from the stick and transferred to a 

sterile stomacher bag. One to fifty (1:50) dilution was 

made by adding 40 ml of peptone physiological saline 

(PPS; 8.5 g/l NaCl and 1 g/l neutralized bacteriological 

peptone (Oxoid)) and the sample was homogenized for 

120 s by means of a stomacher Seward Laboratory 

blender 400 (UAC House, London, England). 

Subsequently, enumeration on the standard selective 

media for detection of E. coli 0157 (CTSMAC) [5] 

were performed. Enumerat ions were preformed after 

24 h incubation at 37 ±1°C. Surv iving cells were 

enumerated as described earlier. The total number of 

cells on each knife side was not divided by the area of 

the knife but reported as log colony forming units per 
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side of knife. The calculated limit of detection by this 

method was 50 CFU/side of a knife.   

 

F. Statistical analysis Data were analyzed by using 

StatSoft, Inc. (2003). STATISTICA (data analysis 

software system), version 6. (www.statsoft.com). A t-

test was used to compare pairs of means with PÒ  0.05; 

when mult iple mean comparison was made, one-way 

ANOVA and the Fisher LSD test were used.  

 

 

III.  RESULTS AND DISCUSSION 

The log reduction of population log (N/N0) is 

calculated for each 0.1 ml E. coli O157:H7 specimen. 

N is the population in CFU/side of a knife after UV 

inactivation and N0 is the population in CFU/side of 

knife of the control specimen, that is, the population 

before UV inactivation. As described earlier, each 

point is an average of four experimental results. For E. 

coli O157:H7, maximum log10 reduction was 6.54 

log10 (N/N0) on a side of stainless steal knife with a 

ILP treatment performed less then 1 minute after the 

inoculation occurred (E. co li O157:H7 remained below 

the detection limit of 50 CFU/side of knife)), whereas 

3,75 log10 (N/N0), 3,40 log10 (N/N0), 3,12 log10 

(N/N0), 2,54 log10 (N/N0) and 2,12 log10 (N/N0) 

reduction was achieved after 5,15,30,45 and 60 

minutes respectively (Figure 2).  

The observed differences in log10 reduction were 

found siginificqnt (p<0.05) between each time interval. 

The results showed that the longer the time between 

inoculation and ILP t reatment, the lower the lethality of 

the process. These findings emphasize the importance 

of keeping the time between possible contamination 

and decontamination as short as possible. During 

growth, bacteria are situated on top of each other in 

several layers forming a colony. Bacteria located on the 

upper layers receive the light directly and are easily  

inactivated. However, bacteria on the bottom layers are 

protected by those on the upper layers which screen the 

incident light and as a result, the survivor numbers are 

higher. When bacteria arrived to the stationary phase 

only the bacteria on the upper layer are inactivated and 

a large and constant part of the contaminating 

population will survive the treatment [4]. When the 

effect of the successive flashing was tested, the results 

showed them ineffective at inactivating E. coli 

O157:H7 to the extent greater than the effect achieved 

with a single flash.  

The results clearly demonstrated that there was no 

significant difference between 3,12 log10 (N/N0) 

reduction achieved with 1 flash treatment and 3,52 

log10 (N/N0) reduction achieved with 5 flashes, both 

of them performed 30 minutes after the inoculation of 

the knife  (p > 0.05). These results show that when ILP 

is implemented in the industry for the decontamination 

of the meat contact surfaces, whiwh are important 

source of cross-contamination, one must take into 

account the effect of the time between contamination 

and decontamination. The highest efficiency of the ILP 

will be reached if the meat contact surfaces are flashed 

as soon as possible after the processing steps where 

contamiantion can occur. Theefficacy of 

decontamination lost into account of the time can not 

be compensated by the increased number of successive 

flashes.  

 

IV.  CONCLUSION 

The results obtained here demonstrate that intense 

pulse light decontamination treatment can be 

successfully applied for decontamination E. coli O157 

on a slicing knife, which is one of the most important 

sources of contamination in sliced ready-to-eat meat  

products. Overall, the study has shown that the 

decontamination effic iency of pulsed UV radiat ion is a 

function of time after the the contamination but the 

degree of inactivation of E. coli O157:H7 achieved by 

flashing was independent of the successive flashing. 

The fact that a significant level of microbial reduction 

can be achieved after a very short treatment time 

indicates much promise for the use of ILP as a quick 

method of reducing the microbial load on a stainless 

steal surfaces in meat-processing environments. 

Having in mind that in terms of the sterilization dose, 

pulsed light may represent the most energy-efficient  

mechanis m to date, (4) this can only emphasize the 

necessity of the further research in this area.  
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Abstractð The aim of work was to evaluate the 

antimicrobial susceptibility of Campylobacter spp. 

strains isolated from poultry samples at a 

slaughterhouse in 2008. Considering flocksô 

traceability, sampling was performed for caecum, 

carcass (neck skin) and breast meat at a poultry 

slaughterhouse in different days of work and a 

collection of 78 strains isolated and identified as C. 

coli and C. jejuni were tested for susceptibility to 11 

antimicrobial agents (disk diffusion method). C. coli  

was more frequently isolated from caecum samples 

and C. jejuni from breast meat samples. An 

extremely high frequency of fluoroquinolone 

resistance was detected among Campylobacter 

strains, particularly for C. coli (100%  resistant to 

norfloxacin, ofloxacin, nalidixic acid and 

ciprofloxacin). More than 60%  of the isolated 

strains showed resistance to tetracycline and 

ampicilin. In this study, C. coli strains showed a 

higher level of resistance to erytromicin (46.9% ) 

than C. jejuni strains (20.7% ). Almost all isolated 

strains were sensitive to amoxicillin+clavulanic acid. 

Chloramphenicol and gentamicin were active 

against both C. coli and C. jejuni.    

 

In dex Termsð Antimicrobial resistance, 

Campylobacter coli, Campylobacter jejuni, 

Fluoroquinolones.    

 

 

I.  INTRODUCTION 

Campylobacter species, namely Campylobacter jejuni 

and Campylobacter coli, can co lonize the intestinal 

tract of most mammals and birds and are the most 

frequently isolated species in humans with gastro-

enteritis. They are recognized as the most common 

cause of sporadic human bacterial foodborne illness, 

becoming an important public health problem in  

several countries.1,3,5,6,11,13 Despite of that, 

Campylobacter spp. does not generally trigger the same 

degree of concern as some other foodborne pathogens, 

since it rarely causes death and is not commonly  

associated with newsworthy outbreaks of food 

poisoning.1,3,11,14 Campylobacteriosis is frequently 

associated with the ingestion of improperly handled 

foods that are inadequately cooked and it has a high 

level of association with poultry products. This disease 

poses additional health risks besides acute gastro-

enteritis, including chronic illness such as 

polyarthropathies or neuropathies, (Guillain-Barré 

syndrome and reactive arthrit is) and in these 

complications antimicrobial treatment is often 

required.1,3,11,14 Recent studies indicated that 

antimicrobial resistance among Campylobacter spp. is 

growing, however few data are available from 

Portugal. Studies performed on 1992 and 2008 were 

published but more work has to be done to characterize 

the Portuguese Campylobacter strains and its level of 

antimicrobial resistance.4,8,9 In this context, this work 

was conducted to evaluate the antimicrobial resistance 

of Campylobacter strains isolated from poultry at a 

Portuguese slaughterhouse.   

 

II.  MATERIALS AND METHODS 

A. Bacterial strains Seventy eight strains of 

Campylobacter jejuni and C. coli were isolated from 

poultry samples collected at a slaughterhouse between 

December 2007 and October 2008. Considering flocksô 

traceability sampling was performed for caecum, 

carcass (neck skin) and breast meat at a poultry 

slaughterhouse in different days of work. Detection and 

isolation of Campylobacter was performed according 

to EN/ISO 10272-1:2006 and strains were identified by 

multip lex PCR. 16   

 

B. Antimicrobial susceptibility testing Antimicrobial 

susceptibility testing was carried out by using the agar 

disk diffusion method with Mueller-Hinton agar 

supplemented with 5% sheep blood. The plates were 

incubated at 42ºC for 48h in a microaerobic 

atmosphere. The antibiotics tested included ampicilin  

(10µg), tetracycline (30µg), chloramphenicol (30µg), 

erythromycin (15µg), gentamicin (120 µg,) 

ciprofloxacin (5µg), norfloxacin (5µg), nalidixic acid  

(10µg), o floxacin (5µg), amoxycillin+clavulanic acid  

(20+10µg) and trimethoprim-sulfamethoxazo le (25µg). 

Staphylococcus aureus 25923 ATCC and Enterococcus 

faecalis 29212 ATCC were used as quality control. 

Susceptibility categorization was carried out according 

to National Committee of Clinical Laboratory 
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Standards (2002) and Societé Française de 

Microbiologie (2008).   

 

III.  RESULTS AND DISCUSSION 

Table 1 shows the resistances of seventy eight strains 

of Campylobacter jejuni and C. coli to the 

antimicrobial agents evaluated. Of the 49 C. coli 

isolates, the highest level of resistance was recorded to 

norfloxacin, ofloxacin, nalidixic acid and ciprofloxacin  

(100% of the isolates resistante).  

 

 

 

 

 

Table 1 Number and frequency of Campylobacter-resistant strains isolated from poultry to different antimicrobial agents. 
 

Antimicrobial agent C. coli C. jejuni Total 

(n=49) % (n=29) % (n=78) % 

Ampicilin  41 83.67 18 62.07 59 75.64 

Trimethoprim-sulfamethoxazole 29 59.18 9 31.03 38 48.72 

Norfloxacin 49 100.0 26 89.66 75 96.15 

Chloramphenicol 0 0.00 0 0.00 0 0.00 

Ofloxacin 49 100.0 27 93.10 76 97.44 
Erythromycin 23 46.94 6 20.69 29 37.18 

Amoxycillin+clavulanic acid 3 6.12 0 0.00 3 3.85 

Tetracycline 43 87.76 18 62.07 61 78.21 

Ciprofloxacin 49 100.0 26 89.66 75 96.15 

Nalidixic acid 49 100.0 27 93.10 76 97.44 
Gentamicin 0 0.00 0 0.00 0 0.00 

 

 

The frequency of resistance to the other antibiotics 

studied was variable, 87.76% to tetracycline, 83.67% to  

ampicilin, 59.18% to trimethoprim-sulfamethoxazole, 

46.94% to erythromycin and 6.12% to  

amoxicillin+clavulanic acid. Regard ing the C. jejuni 

isolates (n=29), the highest level of resistance was 

recorded to nalidixic acid and ofloxacin (93.1%) and to 

norfloxacin and ciprofloxacin with 89.66%. The 

number of strains with resistance to the other 

antibiotics studied was also variable, 62.07% to both 

ampicilin and tetracycline, 31.03% to trimethoprim-

sulfamethoxazole and 20.69% to erythromycin. 

Amoxicilli n+clavulanic acid was active against C. 

jejuni. Chloramphenicol and gentamicin were active 

against both C. coli and C. jejuni. The picture 

presented by the data obtain in this work seems to be 

similar or higher than that reported by EFSA (2009), 

were 94% of isolates from poultry origin were resistant 

to ciprofloxacin.6 This pose a particular risk to humans 

due to treatment failure, for these reasons the control of 

Campylobacter in the food chain must become a major 

target of all Portuguese intervenients (producers, 

distributers and agencie responsible for food safety). C. 

coli (more frequently isolated in the broilers caecum 

and carcass) and C. jejuni strains (Table 2) were 

resistant to fluoroquinolones group, independently of 

site of sample collection on slaughterhouse line (higher 

than 94%).  

 

Table 2 Distribution (%) of Campylobacter-resistant strains according to poultry sample type (caecum, neck skin or breast).   

 

Antimicrobial agent 
Breast meat Carcass (neck skin) Caecum Total 

(n=39) % (n= 21) % (n=18) % (n=78) % 

Ampicilin 29 74.36 16 76.19 14 77.78 59 75.64 

Trimethoprim-
sulfamethoxazole 

15 38.46 9 42.86 14 77.78 42 53.85 

Norfloxacin 39 100.00 20 95.24 18 100.00 77 98.72 

Chloramphenicol 0 0.00 0 0.00 0 0.00 0 0.00 

Ofloxacin 37 94.87 20 95.24 18 100.00 75 96.15 

Erythromycin 13 33.33 6 28.57 10 55.56 29 37.18 

Amoxycillin+clavulanic acid 1 2.56 1 4.76 1 5.56 3 3.85 
Tetracycline 28 71.79 17 80.95 16 88.89 61 78.21 

Ciprofloxacin 37 94.87 20 95.24 18 100.00 75 96.15 

Nalidixic acid 38 97.44 21 100.00 18 100.00 77 98.72 

    Gentamicin 0 0.00 0 0.00 0 0.00 0 0.00 
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The level of strains resistant to ampicilin was very 

high, 74.64% of the Campylobacter strains isolated 

from breast were resistant to ampicilin. Tetracyclines 

have been named in the past as an alternative treatment 

for campylobacteriosis and are used widely as feed 

additives for livestock and poultry.1,3,13,14 In th is 

study, resistance to tetracycline was high, 87.76% to C. 

coli and 62.07% to C. jejuni.    

 

IV.  CONCLUSION 

An extremely high frequency of fluoroquinolone 

resistance was detected among Campylobacter strains, 

particularly for C. co li strains (100% resistant to 

norfloxacin, ofloxacin, nalidixic acid and 

ciprofloxacin). More than 60% of the isolated strains 

showed resistance to tetracycline and ampicilin. In this 

study, C. coli strains showed a higher level of 

resistance to erytromicin (46.9%) than C. jejuni strains 

(20.7%). Almost all isolated strains were sensitive to 

amoxicillin+clavulanic acid. Chloramphenicol and 

gentamicin were active against both C. coli and C. 

jejuni. The high rates of Campylobacter strains 

resistance to antimicrobials isolated from samples at 

slaughterhouse level make advisable a well stated 

policy for the use of antibiotics and the 

accomplishment of all preventive rules of good hygiene 

practices at farm level (producers) as well the good 

implementation of HACCP regarding the hazard 

Campylobacter at slaughter house level.   
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Abstract- Unwanted mould growth on the 

surface of Norwegian dry-cured meat products 

may represent a significant quality problem for 

the producers. Consumers could be exposed to 

serious health risk too as some of the moulds are 

mycotoxigenic. In order to reduce mould 

problem and  make  risk assessment, it is 

important to start with a thorough identification 

of the moulds growing on the products. In total, 

161 dry-cured meat samples were collected in 

order to identify and characterise the moulds 

associated with Norwegian dry cured meat 

products. Standard mycological procedures 

were followed in order to isolate and identify the 

mould contaminants. After identification, the 

ability of the dominant species to produce toxic 

secondary metabolites was investigated using 

bioassay analysis and HPLC. In total, 264 

isolates belonging to 21 species and four fungal  

genera were identified. The genus Pencillium 

contributed to the total isolates by 88.3 % . 

Penicillium nalgiovense was the dominant 

species isolated from both s moked and 

unsmoked products and covered 38 %  of the 

total isolates. Penicillium solitum and 

Penicillium commune were the next most 

frequently isolated s pecies with a contribution of 

13 % and 10 % respectively. Species of 

Clados porium and Eurotium contributed to the 

total isolates by 6 %  and 4.9 %  respectively. 

Bioassay analysis performed on 58 Penicillium 

nalgiovense isolates indicated that 54 of them 

could produce penicillin. However, traces of 

penicillin were not obtained on the dry-cured 

meat samples contaminated with penicillin 

producing P. nalgiovense isolates. Similarly, 

HPLC analysis confirmed that Penicillium. 

crustosum isolates that produced penitrem 

mycotoxins, which are neurotoxins, on agar 

media did not produce the toxins on slices of 

dry-cured meat products under a laboratory 

condi tions. The survey showed that the s pecies of 

Penicillium are associated with Norwegian dry 

cured meat products. Many isolates of the 

dominating species have the ability to produce 

toxic secondary metabolites, but traces of the 

metabolites or their production on the products 

was not observed.  

 

 

I.  INTRODUCTION 

Dry-cured meat production has been practiced in 

Norway since the Viking age. Raw meat develops 

distinctive flavour as it passes through different 

processing stages for several months under specific 

controlled environmental conditions. Variation in  

environmental factors at each production stage 

facilitate unwanted and uncontrolled fungal growth 

on the surface of the products [1].  

Many studies showed that xerophilic species of 

Aspergillus, Eurotium and Penicillium are 

associated with dry-cured meat products in different 

parts of the world [2-4, 4-9]. The growth of some 

moulds could be beneficial for the development of 

characteristic flavour and aroma of dry-cured meat 

products due to their involvement in the 

degradation of lipids and proteins. Enzymes of P. 

chrysogenum and P. nalg iovense were reported to 

contribute for lipolytic and proteolytic activities 

that generated flavour precursors and improved the 

texture [10]. However, such positive contributions 

remain unclear. Rather, moulds are frequently 

referred as cause for food spoilage leading to 

quality reduction and a major economic loss for the 

producers [11-13].  

Mould contamination is often associated with 

unpleasant appearance, odour and changes in taste 

and nutritional value of foods [4, 13]. Moreover, 

some moulds are able to produce mycotoxins and 

antibiotics, which represent a potential health 

hazard to consumers. Mycotoxins are secondary 

metabolites that are toxic to vertebrates when 

introduced via food through  natural route [12]. 

Moreover, thousands of spores can be released from 

moulds growing on the products in to the air of the 
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production facilities. Th is can lead to allergic 

disorders or even chronic lung disease to the staffs 

of food processing plants in addition to increasing 

the risk of airborne food contamination. 

Identificat ion and characterization of moulds 

associated with different food products is a starting 

point to understand their importance. Although dry-

cured meat products have been a part of Norwegian 

food history, the significance of the moulds 

associated have been paid little attention. The aim 

of this study was, therefore, to identify moulds 

associated with the Norwegian dry-cured meat  

products and get an initial overview on their 

importance.  

 

II.  MATERIALS AND METHODS 

2-1 Materials A total number of 161 dry-cured meat  

samples were co llected from six Norwegian 

producers in 2007, out of which 110 were at the 

ripening stage and 51 were fully ripened products. 

The products sampled were lightly s moked dry-

cured hams (103 in total), while the rest 58 were 

unsmoked Norwegian dry-cured meat speciality  

called ñFenal¬rò (dry-cured lamb leg).  The age of 

the dry-cured meat products sampled ranged from 

4-22 months, with 53 of them aged more than a 

year and the rest 108 were younger.  

The temperature at the ripening stage varied from 

12-16 ºC. The samples collected have water activity 

(Aw) of 0.84-0.90. A ll samples were forwarded to 

the mycological laboratory at the National 

Veterinary Institute without temperature control by 

overnight mail.  

 

2-2 Mould isolation and identification Standard 

mycological isolation and identification procedures 

described in [14] were fo llowed.  

 

2-3 Production of toxic secondary metabolites The 

ability of 58 P. nalgiovense isolates to produce 

penicillin and its occurrence on the dry-cured meat  

products was investigated by bioassay analysis 

outlined in [15] using a penicillin sensitive 

Staphylococcus aureus strain. HPLC was employed 

to investigate if four penitrem (neurotoxins) 

producing P. crustosum isolates can produce the 

mycotoxins on slices of ham up on artificial 

inoculation at a laboratory condition.  

 

 

 

III.  RESULTS AND DISCUSSION 

In total 264 moulds were isolated from the dry-

cured meat samples investigated. The isolates 

belonged to 20 species of four mould genera (Table 

1). The genera were Penicillium, Cladosporium, 

Eurotium and Aspergillus. All the four genera were 

recovered from dry-cured hams (smoked), while 

three with the exception of Aspergillus did from 

Fenalår (unsmoked).  

Species of Penicillium generally dominated the 

mycobiota of Norwegian dry-cured meat products 

by covering 88.3 % of the total isolates. Penicillium 

nalgiovense, in particular, seems to be associated 

with the dry-cured meat products of Norway by 

covering 38 % of the total isolates followed by P. 

solitum and P. commune with a contribution of 13 

% and 10 % respectively. 

These three mould species have been reported to be 

associated with dry-cured meat and cheese products 

by many [4-9, 16, 17]. It look like that P. 

nalgiovens P. solitum and P. commune are tolerant 

to high level of salt concentration. Penicillium 

chrysogenum, P. atramentosum, P. crustosum and 

P. brevicompactum had relat ively similar isolation 

frequency and contributed by almost 21 % to the 

total mould isolates. The genus Cladosporium 

contributed to the total isolates by 6 %.   

The remain ing isolates belonged to species of 

Eurotium and Aspergillus, which contributed to the 

total isolates by 4.9 % and 0.8 % respectively. The 

number of species isolated from fully ripened 

products was lower than the number of species 

isolated from products at the ripening stage (Table 

1).  

However, this reduction in the total number of 

species is accompanied by an increase in the 

occurrence of the dominating species. For example, 

the contribution of P. nalgiovense to the total 

isolates of smoked products has increased from 44 

% at the ripening stage to 57 % on fully ripened 

products. The increase for unsmoked products was 

from 15 % to 42 %. Some d ifferences were 

observed as to the occurrences of the dominant 

species on smoked and unsmoked products. 

Penicillium nalgiovense dominated the mycobiota 

of both product types, but its contribution to the 

total isolates of smoked products (47 %) was twice 

of its contribution to the isolates of unsmoked 

products (23 %). The contribution of P. solitum to 

the isolates of unsmoked products was twice of its 

contribution to the isolates of smoked products. 
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Similarly, P. commune contributed by four folds for 

the isolates of unsmoked products compared to its 

contribution to the isolated smocked products 

(Figure 1).  

Penicillium atramentosum and P. brevicompactum 

were frequently isolated from s moked dry-cured 

hams, while P. commune, P. chrysogenum with  

almost all the species of Cladosporium d id from 

unsmoked ones. The isolation frequencies of 

Eurotium spp. from s moked and unsmoked 

products were relatively similar. Smoking is 

believed to be effective to prevent mould growth on 

the surface of dry-cured meat production [18], but it  

looks like that light smocking may not have a 

preventive effect on the growth of some species like 

P. nalgiovense. All the dominant isolated species of 

Penicillium, with the exception of P. solitum, are 

known producers of toxic secondary metabolites  

[12, 19]. Their growth on dry-cured meats can 

possibly lead to the contamination of the products 

with mycotoxins, which can pose potential health 

risks. The bioassay analysis indicated that 54 out of 

58 P. nalgiovense can produce penicillin.  

However, traces of penicillin were not obtained on 

the dry-cured meat samples contaminated with  

penicillin producing P. nalgiovense isolates. 

Similarly, HPLC analysis confirmed that P. 

crustosum isolates that produced penitrem toxins on 

agar media d id not produce the toxins on slices of 

ham p laced on a similar agar media and inoculated 

with the isolates. Generally moulds were isolated 

from all the dry-cured meat samples collected. The 

most frequently isolated species, P. nalgiovense, 

was isolated from 63 % of dry-cured hams at the 

ripening stage and 90 % of fully ripened products. 

The same species was recovered from 32 % Fenalår 

at the ripening stage, while it was isolated from 67 

% of fu lly ripened Fenalår.  

The present study is the first survey on moulds 

associated with Norwegian dry cured meat 

products. Further work should focus on identifying 

the most important contamination sources and 

possible preventive measures in the production 

process. It can serve as a starting point for the 

development of non toxic starter cultures, which 

can be important both for quality improvement and 

reduction of unwanted fungal growth on dry-cured 

meat products.  

 

 

 

 

ACKNOWLEDGEMENTS 

This work was financed by the Norwegian research 

council and Stranda Spekemat AS.   

 

REFERENCES 

[1.]  Rodriguez M, Nunez F, Cordoba JJ, Bermudez ME, 

Asensio MA. (1998). Evaluation of proteolytic activity of micro-

organisms isolated from dry cured ham. Journal of Applied 

Microbiology, 85 (5):905-912.   

 

[2.]  Comi G, Orlic S, Redzepovic S, Urso R, Iacumin L. (2004). 

Moulds isolated from Istrian dried ham at the pre-ripening and 

ripening level. International Journal of Food Microbiology, 96 

(1):29-34.   

 

[3.]  Lopez-Diaz TM, Santos JA, Garcia-Lopez ML, Otero A. 

(2001). Surface mycoflora of a Spanish fermented meat sausage 

and toxigenicity of Penicillium isolates. International Journal of 

Food Microbiology, 68 (1-2):69-74.   

 

[4.]  Papagianni M, Ambrosiadis I, Filiousis G. (2006). Mould 

growth on tradit ional Greek sausages and penicillin production 

by Penicillium isolates. Meat Science, 76 (4):653-657.   

 

[5.]  Nunez F, Rodriguez MM, Bermudez ME, Cordoba JJ, 

Asensio MA. (1996). Composit ion and toxigenic potential of the 

mould population on dry-cured Iberian ham. International 

Journal of Food Microbiology, 32 (1-2):185-197.  

 

[6.]  Batt ilani P, Pietri VA, Giorni P, Formenti S, Bertuzzi T , 

Toscani T, Virgili R, Kozakiewicz Z. (2007). Penicillium 

populations in dry-cured ham manufacturing plants. Journal of 

Food Protection, 70 (4):975-980.   

 

[7.]  Tabuc C, Bailly JD, Bailly S, Querin A, Guerre P. 

Toxigenic potential of fungal mycoflora isolated from dry cured 

meat products: preliminary study. (2004). Revue de medecine 

veterinaire, 156 (5):287-291.   

 

[8.]  Peintner U, Geiger J, Poder R. (2000). The Mycobiota of 

Speck, a Tradit ional Tyrolean Smoked and Cured Ham. Journal 

of Food Protection, 63:1399-1403.   

 

[9.]  Sorensen LM, Jacobsen T, Nielsen PV, Frisvad JC, Koch 

AG. (2008). Mycobiota in the processing areas of two different 

meat products. International Journal of Food Microbiology, 124 

(1):58-64.   

 

[10.]  Martin A, Cordoba JJ, Aranda E, Cordoba MG, Asensio 

MA. (2006).Contribution of a selected fungal population to the 

volatile compounds on dry-cured ham. International Journal of 

Food Microbiology,110 (1):8-18.   

 

[11.]  Pitt JI, Hocking AD. (1999). Fungi and food spoilage, 

2nded. Maryland: Aspen publisher, Inc, (593 pp).   

 

[12.]  Samson RA, Frisvad JC, Hoekstra ES. (2004). 

Introduction to Food- and Airborne fungi Centraalbureau voor 

Schimmelcultures, Utrecht.   

 



 

Proceedings:  1009 

The 55th International Congress of Meat Science and Technology (ICoMST), Copenhagen, Denmark, 16-21 August 2009     

[13.]  Filtenborg O, Frisvad JC, Thrane U. (1996). Moulds in 

food spoilage. International Journal of Food Microbiology, 33 

(1):85-102.   

 

[14.]  Asefa DT, Gjerde RO, Sidhu MS, Langsrud S, Kure CF, 

Nesbakken T, Skaar I. (2009). Moulds contaminants on 

Norwegian dry-cured meat products. International Journal of 

Food Microbiology, 128 (3):435-439.   

 

[15.]  Andersen SJ, Frisvad JC. (1994). Penicillin production by 

Penicillium nalgiovense. Letters in Applied Microbiology, 19 

(6):486-488.   

 

[16.]  Kure CF, Skaar I. (2000). Mould growth on the Norwegian 

semi-hard cheeses Norvegia and Jarlsberg. International Journal 

of Food Microbiology, 62 (1-2):133-137.   

 

[17.]  Lund F, Filtenborg O, Frisvad JC. (1995).Associated 

mycoflora of cheese. Food Microbiology, 12:173-180.   

 

[18.]  FAO. (1990). Manual on simple methods of meat 

preservation. Rome.   

 

[19.]  Frisvad JC, Samson RA. (2004).  Polyphasic taxonomy of 

Penicillium subgenus Penicillium:A guide to identification of 

food and air-borne terverticillate Penicillia and their mycotoxins. 

Studies in Mycology, 49:1-251. 

 

 
 

 

Table-1- Moulds isolated from Norwegian dry-cured meat products (Asefa et al., 2009) 

 

 

           Smoked             Unsmoked Total isolation 

frequency Species Ripening  Ripened Ripening Ripened 

Aspergillus  fumigatus 1       1 

A. penicilloides 1    1 

Cladosporium cladosporiodes   5  5 

C. herbarium 1  2  3 

C. sphaerospermum  1 7  8 

Eurotium amstelodami 4  3  7 

E. herbariorum 5   1 6 

Penicillium atramentosum* 12 4   16 

P. brevicompactum 7 3 1  11 

P. cavernicola 2    2 

P. chrysogenum 4 1 11 1 17 

P. citrinum   2  2 

P. commune* 4 2 20  26 

P. crustosum* 4 1 3 6 14 

P. discolor   1  1 

P. echinulatum 4    4 

P. expansum 1    1 

P. nalgiovense* 46 27 12 14 99 

P. palitans 3  2  5 

P. roqueforti    1 1 

P. solitum* 9 5 12 8 34 

Total isolates 108 44 81 31 264 

Sample size (N) 73 30 37 21 161 

*Sequenced 
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Figure-1- The occurrence of dominant mould species from smoked and unsmoked dry-cured  

meat products  
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Algerian Essential oils extracted by 

hydrodistilation from leave parts of Eucalyptus 

globulus, Myrtus communis L., and Satureja 

hortensis L. were analyzed by gas 

chromatography/mass spectrometry (GC/MS). 

The major components of essential oils were 1,8-

Cinéole,  -Pinène and Carvacrol res pectively for 

Eucalyptus globulus, Myrtus communis L. and 

Satureja hortensens L. Essential oils evaluated 

for their single antibacterial activi ties against 

common Gram-positive and Gram-negative 

pathogenic bacteria Staphylococcus aureus, 

Pseudomonas aeruginosa and Escherichia coli. 

The 'in vi tro' antimicrobial activi ty of the 

essential oils was evaluated. The agar diffusion 

technique was used to establish, in a rapid way, 

the susceptibility of the foodborne pathogen to 

the di fferent essential oils and to choose those 

wi th the greatest antimicrobial activity. Minimal  

inhibitory concentrations (MICs) were also 

determined. Plant essential oils with potent 

antimicrobial activities were tested in minced 

beef stored at 4ºC, experimentally inoculated 

wi th various foodborne pathogens at level of 2 to 

3×105 cfu/g. Results showed that the essential 

oils revealed promising antibacterial activities 

against most pathogens tested. Sensory 

evaluation revealed that the aroma of minced 

beef meat treated wi th essential oils were 

acceptable by the panelists at the antibacterial  

levels.   

Keywords: Algerian essential oils, pathogens, 

antimicrobial activity, meat.   

 

I.  INTRODUCTION 

Foodborne illness resulting from consumption of 

food contaminated with pathogenic bacteria has 

been of vital concern to public health in Algeria. 

The majority of health infections are caused by the 

consumption of contaminated meat products. Some 

of the major foodborne disease outbreaks may take 

on massive proportions. Today, different strategies 

are applied in order to control pathogens in meats, 

and particular interest has been focused on the 

application of essential oils (Burt, 2004; Holley & 

Dhaval, 2005; So lomakosa, Govarisa, Ko idisb & 

Botsoglouc, 2008). Because of greater consumer 

awareness and concern regarding synthetic 

chemical additives, foods preserved with natural 

additives have become popular. The modulating 

influence of food composition upon the 

antimicrobial effectiveness of essential oils is an 

important area of study. Eucalyptus globulus (E. 

globulus), Myrtus communis L. (M. communis L.) 

and Satureja hortensis L (S. hortensis L.), grow 

wildly in the coastal regions, the internal hill and 

the forest areas of Kabylie (Algeria). Even though 

several studies have been conducted regarding the 

in vitro antibacterial and antifungal properties of 

plant essential oils (Sari, Biondi , Kaâbeche, 
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Mandalari, D'Arrigo & Bisignano, 2006; Souza, 

Stamford, Lima & Trajano, 2007; Bendahou, 

Muselli, Grignon-Dubois, Benyoucef, Desjobert, 

Bernard ini & Costa, 2008), only a few studies on 

the activity of essential oils in food systems have 

been reported in the literature. The aim of the 

present work was to evaluate the antimicrobial 

activity of various Algerian essential oils obtained 

by hydrodistillationin both vitro and in food. 

Minimum inhibitory concentrations (MICs) values 

were determined for selected foodborne pathogens. 

The potency of the essential oils was tested in fresh 

minced beef held at 4±1°C and sensory analyses 

were conducted on the resulting meats treated with 

different oils.  

II.  MATERIALS AND METHODS 

II. 1. Plant material and essential oils extraction. 

The aerial parts of E. g lobulus, M. communis L. 

and S. hortensis L. were collected at Bouzeguène 

and Freha city (Tizi-Ouzou province, Algeria), in  

March-July 2008. The essential oils were obtained 

from dried plant parts by hydrodistillat ion in a 

Clevenger-type apparatus for 3 h (Groupe 

Pharmaceutique SAIDAL, Filiale Biotic, Alg iers). 

The essential oils obtained were separated from 

water and dried over anhydrous sodium sulphate 

(Na2SO4) and preserved in darkness in a sealed 

vial at 2 1°C until use.  

II. 2.  Gas Chromatography-Mass Spectrometry 

Analysis (GC-MS). GC analyses of essential oils 

obtained from dried plant parts were performed 

using a Chrompack 9002 gas chromatograph 

(Centre de Recherche en Analyses Physico-

Chimiques, Université de Bab Ezzouar, A lgeria) 

equipped with a flame ionizat ion detector (FID) and 

a Stabilwax (PEG) column (30 m 0.32 mm i.d., 1  

m film thickness). The GC-MS analysis was 

performed using a Hewlett-Packard 6890 series GC 

systems (Agilent Technologies) coupled to a 

quadrupole mass spectrometer (model HP 5973) 

equipped with a HP5 MS capillary column (5% 

phenyl methylsiloxane, 30 m 0.25 mm, 0.25  m film 

thickness). For GC-MS detection an electron 

ionization system with ionization energy of 70 eV 

was used over a scan range of 30-550 atomic mass 

units. Helium was the carrier gas, at a flow rate of 1 

mL/min. Injector and detector MS transfer line 

temperatures were set at 250 and 280 C, 

respectively; the temperature of the ion source was 

175 C. Column temperature was in itially kept at 60 

C for 8 min, then gradually increased to 280 C at 2 

C/min, and finally held isothermal for 30 min. The 

volume of injections was 1  L of a hexane-oil 

solution, injected in the splitless factors.  

II.3. In vitro tests of antimicrobial activity. Two 

bacterial strains were employed. They included 

Gram-positive Staphylococcus aureus, and Gram-

negative Escherichia coli. Screening of essential 

oils for antibacterial activity was done by the disk 

diffusion method, which is normally used as a 

preliminary check and to select between effic ient 

essential oils. Petri p lates were prepared by pouring 

20 ml of Mueller Hinton agar medium and allowed 

to solidify and 0.1 ml of standardized inoculum 

suspension was poured and uniformly extend. The 

inocula were allowed to dry for 5 min. To prepare 

the stock solution of the samples, the pure essential 

oils were d issolved in 0.5% (v/v) Tween 80. 

Whatman sterile filter paper disk (6 mm diameter) 

was impregnated with 05 ?l essential oil. The plates 

were left 15 min at room temperature to allow the 

diffusion of the essential oil, and then they were 

incubated at 37°C for 24 h. At the end of the period, 

the diameter of the clear zone around the disc was 

measured with a caliber and expressed in 

millimeters (mm) as antimicrobial activity. 

Negative controls were prepared using the same 

solvent employed to dissolve the samples. Standard 

reference antibiotics, Kanamycine and Ticarcilline 

(05  g/disc), were used as positive controls in order 

to control the sensitivity of the tested 

microorganis ms. Each assay in this experiment was 

duplicated twice.  

II.4. Determination of minimal inhibitory  

concentration. The essential oils that previously 

showed antimicrobial activity were screened for 

determination of minimum inhib itory concentration 

(MIC:  l/ml) by the disc diffusion method against 

the same microorganisms. The oils were dispersed 

at room temperature in sterile 0.5% (v/v) Tween 80 

solution. Serial d ilutions (1/2, 1/4, 1/8, 1/16, 1/20, 

1/32, 1/40, 1/50, 1/64, 1/128 and 1/300) of the 

essential oil solution were deposited on sterile 

paper disks (6 mm d iameter) which were 

subsequently placed in the centre of the inoculated 

Petri dishes with 05 l of adjusted inoculums. The 

Petri d ishes were then incubated at 37°C for 18 h  

and the (bacterial growth) inhibit ion zone diameter 

was measured to the nearest mm. The lowest 

concentration of each essential oil solution 

deposited on the sterile paper disk showing a clear 
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zone of inhibit ion was taken as the MIC. Controls 

were set up with Tween 80 in amounts 

corresponding to the highest quantity present in the 

test solution. All analyses were applied in duplicate.  

II.5. Antimicrobial act ivity of essential oils in meat  

system. Lean beef muscles were obtained from beef 

carcasses at 48 h post-slaughter from the Boucherie 

et Volaille Khatir Amar, DBK, Tizi-Ouzou, 

Algeria. Six hundred g ( 4) of minced beef were 

placed in sterile bag and inoculated with single 

strain of pathogen. The inoculated samples were 

homogenized for 2 min at room temperature to 

ensure proper distribution of the pathogen. 

Following homogenization, essential oils were 

added to the inoculated samples. Six beef samples 

(100±2 g) were performed. All the bags containing 

the samples of meat were refrigerated (4°C) and 

examined after 2, 5 and 7 days of storage for each 

microorganis m. The untreated samples (controls) 

were added sterile water (instead of essential oil), 

inoculated with the test bacteria, and stored under 

the same conditions as the other samples. Two 

individual duplicates of each experiment were 

performed, in all cases.  

II.6. Sensory evaluation. Meat samples were 

evaluated by a five-member expert panel. Three 

open-discussion sessions were held to familiarise 

panellists with the attributes and the scale to be 

used. This method makes it possible to appreciate 

differences among various samples, based on the 

relative intensity of taste and aroma of untreated 

and treated samples. The concentrations of 

antibacterial in the samples were those determined 

to be effective in the previous assays of 

antimicrobial act ivity.  

II.7. Microbio logical analysis At each sampling 

time, samples (25 g) of minced beef in the 

stomacher bags were aseptically added with 225 ml 

of 0.1% peptone water. The contents were 

macerated in the stomacher. Resulting slurries were 

serially diluted (1:10) in 0.1% sterile peptone water. 

Sample dilutions (0.1 ml) of minced beef were 

spread plated on appropriate media in duplicate and 

incubated at appropriate temperature for 24 to 48 h. 

Counts were expressed as the log10 of colony 

forming units (CFU) per gram.  

II.8. Statistical analysis The significance of 

differences among samples at each day of storage 

was determined by analysis of variance (ANOVA) 

using the least square difference method of the 

General Linear Model procedure of SPSS (1995). 

Differences were considered significant at the 

P<0.05.  

III.  RESULTS AND DISCUSSION 

Chemical composition of the essential oils: The 

chemical composition of the essential oils was 

analyzed using a GC-MS technique. Various 

components were determined and identified by GC 

and combined GC-MS, representing about 97,45%, 

94,37% and 98,34% of the oils of E. globulus,  M. 

communis L and S. hortensis, respectively. The 

main constituents of the essential oils are 1,8-

Cineol, -Pinene,  -Terpinene, p-Cymene for E. 

globulus;  -Pinene, Cinéole 1-8, Limonene,  p-

Cymene, Linalol,  -Caryophyllene for M. 

communis and Carvacrol, p-Cymene,  -Terpinene, 

Thymol,  -Caryophyllene, Borneol,  -Terpinene, -

Bisabolene, Terpinen-4-ol, Myrcene for S. 

hortensis, repectively. Antimicrobial act ivity (assay 

disk): Preliminary screening of the antimicrobial 

activity in vitro of the three essential oils from E. 

globulus, M. communis L. and S. hortensis species 

was studied against three common pathogens 

associated with foodborne illness using the paper 

disc agar diffusion technique (Fig. 1).  

 

The results showed variation in the antimicrobial 

properties of plant essential oils (Table 1).  

 

 

 

 

 

 

 

 
Fig. 1. Inhibition zone of EEOðE. globulus essential oil; MEOðM. communis essential oil and SEOðS. hortensis essential 

oil against foodborne pathogens: ECðEscherichia coli; SAðStaphylococcus aureus. 
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