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Abstract—Consumers are increasingly demanding 

products which can be prepared easily and quickly 

(convenience foods concept). So, the aim of this study 

was to assess the microbial safety in suckling lamb ready 

to eat products, after a short roasting treatment (250 

ºC/20min) and a microwave treatment (5 min at full 

power) on previously roasted samples (200 ºC/2h) 

inoculated with Listeria monocytogenes and Escherichia 

coli (10
6
 cfu/g) in order to simulate a cross-

contamination situation. Microbiological tests were 

performed with culture-dependent methods: counts of 

thermophiles, mesophiles and psychrophiles, lactic acid 

bacteria (LAB), enterobacteria, Brochotrix 

thermosphacta, heat-resistant microorganisms (Bacillus 

cereus and Clostridium perfringens) and pathogens such 

as E. coli and L. monocytogenes. 

Brochotrix thermosphacta and Clostridium perfringens 

were not detected in any of the samples studied, whereas 

Bacillus cereus was found in a small number of roasted 

samples (6/15) before the final cooking treatment, 

although further roasting or microwave treatment 

resulted in its complete disappearance. The only 

resistant microorganisms to the previous roasting 

treatment were BAL (2.65±1.43). The results obtained 

with the short roasting and microwave treatments were 

similar, being able to reduce the inoculated E. coli and 

L. monocytogenes counts by more than 5 log units, the 

psychrophiles, mesophiles, thermophiles and 

enterobacteria counts between 4 and 5 log units and the 

BAL count more than 2 log units. 

Concluding, BAL may be the principal responsible of 

spoilage of these products but the short roasting 

treatment and a microwave treatment can eliminate 

these BAL, heat-resistant and reduce pathogens 

microorganism obtaining a safe product. 
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I. INTRODUCTION  

Spain is one of the largest EU sheep producers (157 

mil ton in 2008) with a per capita consumption of 5.2 

kg in 2007 (including lamb and goat meat 

consumption) [1, 2]. Among the types of sheep meat, 

the suckling lamb (fed exclusively with maternal milk) 

is the most appreciate by consumers in Spain due to its 

paler and more delicate flavour [3, 4]. For that reason, 

in Spain, there are various Protected Geographical 

Indications (PGI) that guarantee the quality of 

suckling lamb meat. Since 1999, in “Castilla y León”, 

the EU has granted this meat as PGI “Lechazo de 

Castilla y León” (Commission Regulation EEC No 

2107/1999).  

The food industry should be well aware of 

customers' needs and expectations, one of the most 

important of which is undoubtedly to guarantee the 

quality and safety of any foodstuff. Modern society's 

consumption model has changed in response to a 

series of factors such as market demand, consumers' 

purchasing power, tastes, needs, lifestyles, perception 

and ideology, information and advertising, and the 

availability of foodstuffs, etc. [5]. Indeed, consumers 

are increasingly demanding more natural foodstuffs 

free from artificial preservatives which have been 

submitted to preservation treatments that do not affect 

their nutritional and/or sensory properties, but which 

can be stored for long periods of time and can be 

prepared easily and quickly (convenience foods 

concept).  

The aim of this study was to assess the microbial 

safety in products ready to eat of suckling lamb after a 

short roasting treatment (250 ºC/20min) and a 

microwave treatment (5 min at full power) on 

previously roasted samples (200 ºC/2h) inoculated 

with Listeria monocytogenes and Escherichia coli (10
6 

cfu/g) in order to simulate a cross-contamination 

situation. 

II. MATERIALS AND METHODS INTRODUCTION   

A. Preparation of the bacterial suspension 

Three strains of L. monocytogenes (one from lamb, 

CECT 4032 and CECT 5366) and three of E. coli 
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(CECT 434, CECT 4783 and NCTC 12079) were used 

for inoculation. Each strain was grown in 10 ml of 

BHI (Oxoid, Basingstoke, UK) overnight (at 37 ºC for 

L. monocytogenes strains and at 42 ºC for E. coli 

strains), then centrifuged (Eppendorf, Hamburg, 

Germany) at 7000 rpm for 15 min at 4 ºC, washed 

three times and re-suspended in 10 ml of Ringer’s 

solution (Oxoid) to achieve cell concentrations of 10
8
 

cfu/ml. Each bacterial suspension was diluted 1:10 in 

Ringer’s solution (Oxoid) prior to sample inoculation 

to achieve a cellular concentration of 10
7
 cfu/ml.  

B. Sample preparation  

Ten portions weighed between 250 and 350 g, (5 

fore and 5 hind) were roasted at 200 ºC for 2 h. 

Samples were roasted directly in an oven and then, 

where applicable, vacuum-packed individually as 

hygienically as possible in bags impermeable to 

oxygen and water (Cryovac Sealed Air). Then four of 

them were inoculated with Escherichia coli and four 

with Listeria monocytogenes. The remaining two 

samples were used as controls. All samples were 

stored overnight at 4ºC, then half were roasted at 

250ºC for 20 min and the other half microwaved for 5 

min at full power. Samples for microbiological 

analysis were taken before and after the roasting and 

microwave treatments. A sample of raw meat was also 

taken from each control sample prior to roasting for 

subsequent analysis. 

C. Sample preparation  

Both bacteria were spiked by spraying to fresh lamb 

meat cuts to reach a final product concentration of 

around 10
6
 cfu/g, using a 1:10 dilution of each 

bacterial suspension. 

D. pH measurements 

Potentiometric pH measurements were made by 

inserting the pin electrode of a pH meter 

(micropH2001, CRISON, Barcelona, Spain) directly 

into the sample. Three independent measurements 

were obtained for each sample. 

E. Microbiological analysis 

A slice of 25 g of suckling lamb was sterile-

weighed, diluted in 225 ml of Ringer solution (Oxoid, 

Basingstoke, UK), and homogenized for 120 s in a 

laboratory blender (Stomacher 400, Seward, London, 

UK) prior to the preparation of 1/10 serial dilutions for 

microbiological analysis. The following microbial 

parameters were determined: total viable count (TVC): 

plated on PCA agar plates (Oxoid) and incubated at 30 

ºC for 48 hours; psychrophilic bacteria: plated on PCA 

agar plates (Oxoid) and incubated at 5 ºC for 10 days; 

thermophile bacteria: plated on PCA agar plates 

(Oxoid) and incubated at 42 ºC for 48 hours; lactic 

acid bacteria (LAB): grown in MRS agar (Biokar 

Diagnostics, Beauvais, France) and incubated 

anaerobically in 6 % CO2 at 30 ºC for 48 hours; 

Enterobacteriaceae: tested in VRBG agar (Oxoid) and 

incubated at 37 ºC for 48h; Escherichia coli: plated on 

TBX (Biolife, Milan, Italy) and incubated at 42 ºC for 

24h; Listeria monocytogenes: according to ISO 11290-

1:1996/A1, using demi-Fraser and Fraser-like pre-

enrichment or enrichment media (Oxoid) prior to 

plating on chromogenic listeria agar base (Oxoid) at 

37 ºC for 48h; Bacillus cereus: spread over the surface 

of MYP agar and incubated at 30 °C for 18-40 h; 

Brochothrix thermosphacta: grown in STAA agar and 

incubated at 22 ºC for 48 h; Clostridium perfringens: 

plated on TSN agar (Oxoid) and incubated at 45 ºC for 

24-48 hours under anaerobic conditions. 

III. RESULTS 

The microbial counts and pH values obtained for 

the various parameters studies are listed in Table 1. 

Brochotrix thermosphacta and Clostridium 

perfringens were not detected in any of the samples 

studied (detection limit: 2 and 1 log cfu/g, 

respectively), whereas Bacillus cereus was found in a 

small number of roasted samples (6/15) which did not 

undergo further treatment, although further roasting or 

microwave treatment resulted in its complete 

disappearance. The only microorganisms studied 

found to be resistant to the roasting treatment were 

LAB (2.65±1.43). The results obtained with the short 

roasting and microwave treatments were similar, with 

both being able to reduce the inoculated E. coli and L. 
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monocytogenes counts by more than 5 log units, the 

psychrophile, mesophile, thermophile and 

enterobacteria counts by between 4 and 5 log units and 

the BAL count by more than 2 log units. 

Table 1: Microbial counts (log cfu/g) and pH values. 

SAMPLES pH PCAT PCAM PCAP 

A 6.35±0.20 1.94±1.36 1.82±1.28 1.62±1.42 

AEA 6.16±0.13 6.17±0.17 5.88±0.71 5.15±0.25 

EA 6.31±0.19 1.33±0.52 1.37±0.58 ND 

AEM 6.32±0.06 6.17±0.20 6.69±0.20 5.43±0.11 

EM 6.37±0.05 ND 2.07±1.22 1.41±0.65 

ALA 6.17±0.11 6.52±0.45 7.26±0.20 6.06±0.40 

LA 6.22±0.09 ND 2.16±1.12 3.29±0.08 

ALM 6.20±0.16 6.69±0.04 7.59±0.13 6.52±0.73 

LM 6.45±0.19 1.56±0.87 2.07±1.01 4.12±1.48 

SAMPLES MRS TBX ALOA VRBG 

A 2.65±1.43 ND ND ND 

AEA ND 6.42±0.23 ND 5.91±0.14 

EA ND ND ND ND 

AEM ND 6.88±0.15 ND 6.00±0.15 

EM ND ND ND ND 

ALA ND ND 6.39±0.25 ND 

LA ND ND 1.00±0.00 ND 

ALM ND ND 6.18±0.24 ND 

LM ND ND 1.00±0.00 ND 

ND: no detected. A: roasted; AEA: roasted inoculated with E. coli 

before brief roasted; EA: roasted inoculated with E. coli after brief 

roasted; AEM: roasted inoculated with E. coli before microwave; 

EM: roasted inoculated with E. coli after microwave; ALA: 

roasted inoculated with L. monocytogenes before brief roasted; 

LA: roasted inoculated with L. monocytogenes after brief roasted; 

ALM: roasted inoculated with L. monocytogenes before 

microwave; LM: roasted inoculated with L. monocytogenes after 

microwave. 

PCAT: for termophile total count; PCAM: for mesophile total 

count; PCAP: for psychrophile total count; MRS: for lactic acid 

bacteria count; TBX: for E. coli count; ALOA: for L. 

monocytogenes and VRBG for Enterobacteriaceae count. 

IV. DISCUSSION 

Pathogens may contaminate ready-to-eat meat 

products after cooking but before packaging. Listeria 

monocytogenes and E. coli are formidable 

contaminants in the food processing environment and 

are relatively heat resistant compared with other non-

spore forming pathogens [6].     
Lactic acid bacteria may be the principal 

responsible of spoilage of these products packaged in 

oven-proof bags and preserved at chilling temperature.  

LAB have been reported as the predominant spoilage 

microorganisms in vacuum packaged meat products, 

as the vacuum produces an ecosystem that encourages 

their growth [7].     
Other authors have found similar results for L. 

monocytogenes and E. coli in different meat products. 

Frankfurters should be microwave reheated for 75 s at 

high power (1100 W) to reduce L. monocytogenes 

counts of up to 3.7 log cfu/cm
2
. Longer times are 

needed when the product has supported growth of the 

pathogen to levels > 3.7 log cfu/cm
2
, due to prolonged 

storage time [8].  In beef hamburger inoculated with 
10

7
 MPN/g of E. coli O157:H7, after microwave 

treatment (60 s at full power) counts were not found 

[9]. Reductions between 2.0 to 4.2 log cfu/g were 

found in coarsely ground beef inoculated with E. coli 

O157:H7 (eight-strain composite, 6 to 7 log cfu/g) and 

roasted (Oster toaster oven and Magic Chef standard 

kitchen oven) to a geometric center temperature of    

65 °C [10].     
However, short time exposure (of up to 30 s) of 

microorganisms on chicken meat to microwaves (at a 

frequency of 2450 MHz) have not been significant 

bactericidal effect on growth of Escherichia coli K12 

(5-6 log cfu/cm
2
) [11].      

V. CONCLUSIONS 

Concluding, LAB may be the principal responsible 

of spoilage of suckling lamb ready to eat products but 

the short roasting treatment and a microwave 

treatment can eliminate these microorganisms and also 

some heat-resistant bacteria, and reduce pathogen 

microorganisms obtaining a safe product. 
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