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1  | INTRODUC TION

Raw-meat-based diets (RMBDs) for dogs and cats have become notice-
ably popular over recent years. According to the owners who support 

such regimes, feeding pets with fresh uncooked animal products and 
by-products is a safer and healthier alternative to dry or canned pet 
food (Freeman, Chandler, Hamper, & Weeth, 2013; Morelli, Bastianello, 
Catellani, & Ricci, 2019; Morgan, Willis, & Shepherd, 2017). However, 
the claimed benefits of RMBDs have not been clearly supported by 
research evidence yet, whereas some of the associated animal and 
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Abstract
Feeding raw-meat-based diets to companion animals has become a widespread 
practice, and many owners are now accustomed to buying frozen ingredients on-
line. The goals of this study were to assess the microbiological quality of raw-meat 
dog foods obtained from specialized websites and to evaluate the effects of stor-
age at different temperatures for a few days. Twenty-nine raw dog food prod-
ucts were processed for quantitative bacteriology (i.e. total viable count, TVC; 
Escherichia coli; faecal coliforms, FC) and sulphite-reducing clostridia, and analysed 
for the presence of Salmonella spp., Listeria monocytogenes, Yersinia enterocolitica and 
Clostridium difficile. Every sample was examined right after the delivery (T0), after 
24 to 48 hr and after 72 hr, both at 2°C and 7°C. At T0, the mean score for the 
TVC was 5.9 × 106 cfu/g (SD = 4.8 × 107 cfu/g), while those for E. coli and FC were 
1.1 × 104 cfu/g (SD = 2.5 × 105 cfu/g) and 3.3 × 103 cfu/g (SD = 6.5 × 104 cfu/g) 
respectively. The samples stored at 2°C had a significant increase of all parameters 
(TVC: p < .01; E. coli: p = .03; FC: p = .04) through time. Noteworthy differences be-
tween the analyses performed at 2°C and 7°C were found for TVC (p < .01), being the 
samples considerably more contaminated at higher temperatures. No sample tested 
positive for Salmonella spp., while L. monocytogenes was isolated from 19 products, 
Y. enterocolitica from three products and Clostridium perfringens and C. difficile from 
four and six products respectively. The microbiological quality of raw-meat dog foods 
sold online appears to be poor, carrying considerable amounts of potentially zoonotic 
bacteria and reaching greater levels of bacterial contaminations if not kept at proper 
refrigeration temperatures and fed soon after defrosting.
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public health risks have been incontrovertibly documented (Freeman 
et al., 2013; LeJeune & Hancock, 2001). Whether intended for the 
consumption by humans or pets, raw meat is commonly contaminated 
with a variety of microbes, some of which could be potentially zoonotic 
pathogens (Freeman et al., 2013; LeJeune & Hancock, 2001).

Salmonellosis, listeriosis and yersiniosis are some of the most 
common food-borne zoonoses monitored by the European Food 
Safety Authority (EFSA, 2018), and the interaction with pets fed raw 
meat numbers among the infection risk factors (LeJeune & Hancock, 
2001). Furthermore, emerging issues of Clostridium difficile infections 
in pets and humans (EFSA, 2018; Weese, Finley, Reid-Smith, Janecko, 
& Rousseau, 2010; Weese et al., 2001) and the reported isolation 
of these pathogens from raw meat for human consumption in many 
European countries (Bouttier et al., 2010; De Boer, Zwartkruis-Nahuis, 
Heuvelink, Harmanus, & Kuijper, 2011; Jöbstl et al., 2010) raise the 
question of whether RMBDs might be noteworthy sources of exposure. 
Indeed, since dogs and cats can become carriers of pathogenic bacteria 
and spread them through their faeces, RMBDs pose a risk also to the 
people who handle the contaminated ingredients and who come into 
contact with subclinically infected pets (Freeman et al., 2013; LeJeune 
& Hancock, 2001). Major concerns arise especially for individuals with 
impaired or weakened immune systems (i.e. children, chronically ill 
people, elderly people and pregnant women) because such category 
of individuals is more susceptible to developing food-borne infections 
(Freeman et al., 2013; LeJeune & Hancock, 2001). Previous studies 
already showed that both home-prepared and commercially avail-
able RMBDs can reach high contamination levels and hold potentially 
pathogenic bacteria (van Bree et al., 2018; Chengappa, Staats, Oberst, 
Gabbert, & Mcvey, 1993; Finley et al., 2008; Fredriksson-Ahomaa et 
al., 2017; Freeman & Michel, 2001; Joffe & Schlesinger, 2002; Nemser 
et al., 2014; Nilsson, 2015; Strohmeyer et al., 2006; Weese, Rousseau, 
& Arroyo, 2005).

In view of the growing owner demand for raw dog and cat diets, 
some specialized online shops started selling frozen meat scraps, 
animal by-products (i.e. internal organs, cartilage and bones) and 
blended mixtures of these products. The EU regulation about raw 
pet food states that “effective steps must be taken to ensure that the 
product is not exposed to contamination throughout the production 
chain and up to the point of sale” (EC 142/2011, 2011—annex XIII, 
chapter II, point 1), but concerns may still arise about the whole-
someness of such items at their designated destination.

The aims of this study were therefore to evaluate the microbi-
ological quality (i.e. total viable count) and the hygiene quality (i.e. 
Escherichia coli, sulphite-reducing clostridia) of commercially avail-
able RMBDs for dogs purchased online, as well as to assess the 
presence of certain pathogenic bacteria (i.e. Salmonella spp., Listeria 
monocytogenes, Yersinia enterocolitica and Clostridium difficile). As 
suboptimal practices in storing defrosted RMBDs (e.g. inadequate 
refrigeration temperature, excessive long-term refrigeration) may 
further contribute to their spoilage, a secondary goal was then to 
evaluate the microbiological features of the same products kept at 
different temperatures for multiple days, simulating an improper 
food handling practice followed by the costumer.

2  | MATERIAL S AND METHODS

Twenty-nine commercially available RMBDs produced in Italy and 
Germany were obtained from three online stores. The items were 
delivered frozen at −18°C within 48 hr after purchase and were im-
mediately stored in the freezer at −18°C at the Food Microbiology 
Laboratory of the University of Padua until evaluation. Before stor-
ing the samples, the labels were checked to verify that the products 
were not expired and that all analyses could be concluded prior to 
the expiration dates.

The collected products, in the form of whole or minced pieces 
(n = 21/29) (i.e. except for cartilages and bones, all products were 
made of minced meat and/or offal) and blended mixtures (n = 8/29) 
included meat and animal by-products derived from a single animal 
species (n = 27/29) or from two animal species (n = 2/29). More 
precisely, the animal sources of the analysed products were beef 
(n = 20/29), turkey (n = 3/29), chicken (n = 2/29), lamb (n = 2/29), duck 
(n = 1/29), rabbit (n = 1/29), horse (n = 1/29) and salmon (n = 1/29). 
The beef-based products included meat (n = 1/20), bones (n = 1/20), 
cartilage (i.e. tracheas, ears, muzzle; n = 5/20), offal (i.e. green tripe, 
liver, kidney, omasum, heart, spleen, udder; n = 10/20, of which 7 
single organs and 3 mixtures) and mixtures of all these (n = 3/20). 
The poultry-based products included turkey meat (n = 1/5), chicken 
and turkey offal (n = 1/5), chicken necks (n = 1/5) and duck mixture 
(n = 1/5); another product was composed of turkey and rabbit mix-
ture (n = 1/5). The lamb-based products included one green tripe 
(n = 1/2) and a mixture of meat and offal (n = 1/2); the horse-based 
product included only meat (n = 1/1), while the salmon-based one 
was a mixture (n = 1/1).

Within 24 hr of delivery (T0), the frozen items were thawed at 
2°C for 15 ± 1 hr and subjected to microbiological analyses. The 
products were processed while still cold and manipulated using ster-
ile tools in an aseptic environment, in order to prevent substantial 
bacterial growth. One 20-g sample for the quantitative analyses (i.e. 
total viable count, TVC; faecal coliforms, FC; E. coli) and three 25-g 
samples for the qualitative analyses (i.e. identification of Salmonella 
spp., Listeria monocytogenes and Yersinia enterocolitica) were ob-
tained from each product. The aliquots were collected from each 
sample twice more and stored in sterile containers at 2°C or 7°C for 
the repetition of the analyses in the following 24 or 48 hr (T1 and T2 
respectively) and 72 hr (T3). This was performed to mimic a proper 
refrigerated condition (i.e. 2°C) or an improper one (i.e. 7°C), and 
to evaluate the changes of the microbial load within few days after 
thawing.

2.1 | Quantitative microbiology

In a sterile sealed plastic bag, each 20-g sample was mixed to 180 ml 
of sterile saline solution (0.85% NaCl and 0.15% Pepton) and ho-
mogenized in a paddle blender (Stomacher 400, Seward, Worthing, 
UK) for one minute; the dilutions were then filtered and poured into 
sterile containers, and serial 10-fold dilutions were performed. Plate 
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Count Agar acc. ISO 4833:1 (PCA; Oxoid Limited, Basingstoke, UK) 
was used to culture aerobic bacteria (i.e. TVC), and Chromocult® 
Coliform agar (CCA; Merck KGaA, Darmstadt, Germany) was used 
for the simultaneous detection of faecal coliform and E. coli.

The inoculated Petri dishes were incubated for 48 ± 3 hr at 
31°C ± 1°C and 24 ± 1 hr at 36 ± 1°C for PCA, and McC and CCA re-
spectively. Moreover, Sulphite Polymyxin Sulphadiazine Agar (SPS; 
Biolife Italiana srl, Milan, Italy) and Cycloserine Cefoxitin Fructose 
agar (CCFA; Biolife Italiana srl, Milan, Italy) were used to sulph-
ite-reducing clostridia (in 16 samples) and C. difficile respectively 
(in 13 samples), with sample pasteurization treatment, spread plate 
method and incubation in an anaerobic atmosphere for 48 ± 3 hr at 
36°C ± 1°C. Suspicious colonies were identified by biochemical tests 
(API 20 A, bio-Mérieux).

The microbial counts were determined by applying the formula 
given in ISO 18593:2004 and expressed as cfu/g.

2.2 | Salmonella spp. cultures

The products were analysed for the presence of Salmonella spe-
cies according to ISO 6579:2002. Each 25-g sample was put in 
a sterile container along with 225 ml of buffered peptoned water 
(BPW) and incubated at 37ºC for 24 hr. Tubes containing 9 ml of 
Rappaport Vassiliadis broth (RV; Oxoid Limited, Basingstoke, UK) 
were inoculated with one ml of culture each and subsequently incu-
bated at 42ºC for 24 hr. The subculture broth was then inoculated 
onto Xylose-lysine-tergitol 4 (XLT-4) agar (Merck KGaA, Darmstadt, 
Germany) and incubated aerobically at 37ºC for 24 hr. Suspicious 
colonies were identified by biochemical tests (API Rapid ID32E, bio-
Mérieux) and confirmed by serology for O-antigens detection.

2.3 | Listeria monocytogenes culture

The samples were analysed for the presence of L. monocytogenes ac-
cording to ISO 11290–1:1996. Twenty-five g of each product was 
put in a sterile container along with 225 ml of Fraser Broth Half 
Concentration (Merck KGaA, Darmstadt, Germany) and incubated at 
30ºC for 24 hr. Then, tubes containing 10 ml of Fraser broth were in-
oculated with 0.1 ml of culture and subsequently incubated at 37ºC 
for 24/48 hr. The subculture broth was inoculated onto Agar Listeria 
according to Ottaviani and Agosti (ALOA) dishes (Biolife Italiana s.r.l., 
Milano) and incubated at 37ºC for 24/48 hr. The following tests were 
performed on the suspected strains: Gram staining, haemolytic ac-
tivity, CAMP test and biochemical identification with API Listeria 
(bio-Mérieux).

2.4 | Yersinia enterocolitica cultures

The initial sample suspensions were put in sterile containers with 
Yersinia Irgasan Ticarcillin Chlorate Broth (ITC; Biolife Italiana s.r.l., 

Milano) to obtain 1:100 dilutions and incubated at 25ºC for 48 hr. 
Then, the subculture broths were inoculated onto Yersinia Selective 
Agar Base dishes (CIN agar; Biolife Italiana s.r.l., Milano) and incu-
bated at 30°C for 24 hr. Colonies with a typical bulls-eye appearance 
were identified by the use of biochemical tests (API Rapid ID32E, 
bio-Mérieux).

2.5 | Statistical analyses

The data collected from the analyses were transferred into a 
spreadsheet (Excel, Microsoft) and underwent descriptive analysis. 
Statistical analyses were performed with SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA). When the microbial counts were below the detec-
tion limit, a reference value was assumed (i.e. 50 if < 100). The data 
converted to Log10 were processed by non-parametric analysis 
(Mann–Whitney U test for independent samples) to test the effects 
of time and temperature using an ANOVA linear model. Post hoc 
pairwise comparisons were performed using Bonferroni correction, 
and significance levels were defined as p < .05.

3  | RESULTS

Immediately after thawing (T0) at 2°C, the mean score for TVC in the 
29 analysed RMBDs resulted 5.9 × 106 cfu/g (SD = 4.8 × 107 cfu/g). 
The most contaminated products were lamb meat mixture (ground 
meat and green tripe; 1.1 × 108 cfu/g) and bovine green tripe 
(6.0 × 107 cfu/g); the least contaminated products were bovine muz-
zle (5.0 × 104 cfu/g) and horse meat (9.0 × 104 cfu/g).

The quantitative scores for E. coli ranged from 8.0 × 102 to 
8.2 × 106 cfu/g (mean value = 1.1 × 104, SD = 2.5 × 105) and those for 
FC ranged from 1.0 × 102 to 1.8 × 106 cfu/g (mean value = 3.3 × 103, 
SD = 6.5 × 104). Values below the detectable level were found in 
three products, namely bovine trachea, muzzle and bone.

The presence of SRC was investigated in 16 samples and 
bovine green tripe registered the highest amount (>104 cfu/g); 
C. sporogenes was recognized by the subsequent biochemical iden-
tification. C. difficile was searched in 13 samples, and the positivity 
was found in six samples, of which four included poultry (turkey 
meat, turkey and chicken offal, chicken mixture and duck mixture) 
and two beef (meat and mixture); C. difficile ranged from 2.0 × 102 
to 6.0 × 102 cfu/g (mean value = 4,0 × 102; SD = 2,8 × 102) at 
T0, and from 6.0 × 102 to 2.0 × 103 cfu/g (mean value = 9,8 × 102, 
SD = 6,5 × 102) at T3. The biochemical test confirmed the presence 
of C. difficile in all samples, but the isolates were not submitted to 
PCR and neither assayed for the production of toxin A/B. Other 
biochemical tests performed on the strains isolated from SPS and 
CCFA media identified C. perfringens (n = 4), C. bifermentans (n = 1), 
C. sordellii (n = 1) and C. tertium (n = 1), and four strains remained 
unidentified.

Table 1 shows the results of the storage tests performed in time 
and temperature abuse conditions. The analysed microflora grew 
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abundantly even at low temperatures, as its mean size exceeded 
108 cfu/g after three days of storage at 2°C. Starting from 24 hr 
after thawing, the contamination of RMBDs significantly increased 
with time, both at 2 and 7°C. The signs of spoilage were less delayed 
and more severe at 7°C; however, E. coli and FC remained constant 
with time. Overall, the storage at higher temperatures significantly 
affected the microbial growth in the analysed samples (Table 2). The 
statistical differences in time-temperature abuse conditions are re-
ported in Figure 1.

No Salmonella spp. were isolated from the collected samples, 
while L. monocytogenes was found in 19 products (12 bovine, 4 poul-
try, 1 lamb, 1 fish, 1 horse) and Y. enterocolitica in 3 products (bovine 
offal mixture, turkey and rabbit mixture, lamb meat and green tripe 
mixture). Sixteen RMBDs also tested positive for other Listeria spe-
cies (12 bovine, 2 lamb, 1 poultry, 1 poultry and rabbit; L. innocua, 
L. seeligeri, but none was L. ivanovii), and none of the three above-
mentioned bacteria could be isolated from two products only (bo-
vine liver and kidney).

4  | DISCUSSION

The purchase of pet food from the Internet has become very 
common in the last few years, and many online stores sell now 
raw-meat-based products intended for the domestic consumption 
by dogs and cats. From a survey in Italy (Morelli et al., 2019), it 
emerged that 28% of the interviewed RMBD-feeding dog owners 
was used to obtain raw ingredients through some websites. It is 
well known that particular care should be taken when process-
ing, transporting and storing raw-meat-based products in order to 
prevent inappropriate contamination levels and to minimize micro-
bial growth (Lambert, Smith, & Dodds, 1991). The maintenance of 
the cold chain and the respect of strict hygiene criteria should be 
guaranteed by raw pet food manufacturers who must in fact abide 
by specific EU legislation (EC 142/2011, 2011—annex XIII, chapter 
II). However, the vagueness of the current law and the insufficient 
monitoring may raise questions about the microbiological quality 

T0 T1 T2 T3 p

TVC, 2°C 6.77 ± 0.17b 7.44 ± 0.22b 7.53 ± 0.28ab 8.32 ± 0.18 a <.0001

TVC, 7°C \ 7.93 ± 0.17b 8.32 ± 0.21ab 8.83 ± 0.15 a .0008

E. coli, 2°C 4.05 ± 0.27b 4.30 ± 0.37ab 4.71 ± 0.46ab 5.23 ± 0.29 a .027

E. coli, 7°C \ 5.03 ± 0.35 5.97 ± 0.44 5.11 ± 0.32 >.05

FC, 2°C 3.52 ± 0.23b 3.81 ± 0.32ab 3.99 ± 0.40ab 4.48 ± 0.25 a .040

FC, 7°C \ 4.59 ± 0.33 4.52 ± 0.41 4.84 ± 0.30 >.05

SRC§, 2°C 1.83 ± 0.17 \ 2.24 ± 0.20 2.31 ± 0.21 >.05

SRC§, 7°C 2.09 ± 0.32 1.94 ± 0.32 \ 1.85 ± 0.32 >.05

C. difficile§, 
2°C

\ \ 2.24 ± 0.23 1.70 ± 0.42 >.05

C. difficile§, 
7°C

\ 1.84 ± 0.29 \ 1.74 ± 0.29 >.05

Abbreviations: LS, least squares; SE, standard error; CI, confidence interval; TVC, total viable 
count; FC, faecal coliforms; SRC, sulphite-reducing clostridia.
‡Different significance levels were denoted with different letters (a, b). 
§SRC were analysed in 16/29 samples; C. difficile was analysed in 13/29 samples. 

TA B L E  1   Microbiological changes 
(log10 cfu/g; LS mean ± SE, 95% CI)‡ of 
raw-meat dog foods stored at 2°C and 
7°C

TA B L E  2   Microbiological loads (log10 cfu/g; LS meanT1-T3 ± SE 

T1-T3, 95% CI) of raw-meat dog foods stored at 2°C or 7°C

2° 7° p

TVC 7.76 ± 0.12 8.36 ± 0.12 .0007

E. coli 4.75 ± 0.22 5.37 ± 0.23 .052

FC 4.10 ± 0.19 4.65 ± 0.20 .047

SRCa 1.96 ± 0.18 1.86 ± 0.25 >.05

C. difficilea 1.12 ± 0.12 1.93 ± 0.21 >.05

Abbreviations: CI, confidence interval; FC, faecal coliforms; LS, least 
squares; SE, standard error; SRC, sulphite-reducing clostridia; TVC, 
total viable count.
aSRC were analysed in 16/29 samples; C. difficile was analysed in 13/29 
samples. 

F I G U R E  1   Effects of time and temperature on the TVC (log10 
cfu/g) of the analysed raw-meat pet foods. Different significance 
levels were denoted with different letters (a, b)
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of RMBDs, especially when such products are sold online and un-
dergo a further shipment.

For what concerns the quantitative microbiology of the anal-
ysed RMBDs, the high values detected immediately after thawing 
suggested a deteriorating quality from the beginning. Since the 
European Union has not imposed a maximum value for the aer-
obic colony count allowed to be detected on raw pet foods, EC 
2073/2005—Annex I, Chapter 2.118 was taken into account and 18 
products evaluated in this study surpassed the threshold for minced 
meat intended for human consumption (i.e. 5 × 106 cfu/g). Similarly, 
considering the hygiene criteria for E. coli and faecal coliforms whose 
upper limit is 5 × 102 cfu/g (EC 2073/2005, 2005—Annex I, Chapter 
2.1), 26 and 17 products respectively would be judged unacceptable. 
Among the RMBDs collected for this research, the most contami-
nated ones included green tripe, while the least contaminated were 
bones and cartilaginous parts.

In a recent Dutch study by van Bree et al. (2018), 35 commercial 
RMBDs were tested for total bacterial count and a mean value of 
2.3 × 105 cfu/g was found. The microbiological quality of those diets 
was considered acceptable since none surpassed the abovemen-
tioned maximum value for the aerobic colony count (EC 2073/2005, 
2005—Annex I, Chapter 2.1); however, 40% of the products did not 
meet the thresholds for E. coli (van Bree et al., 2018). A higher per-
centage of commercial RMBDs not complying with the European 
legal limit for E. coli was observed by Nilsson (2015) in Sweden, as 
59% of the analysed products (total n = 39) showed values greater 
than 5 × 102 cfu/g. It is noteworthy to mention that the latter 
study included some raw-meat-based products purchased from the 
Internet. Overall, the prevalence and abundance of E. coli found in 
the present study are similar or higher than those obtained in other 
studies performed worldwide (van Bree et al., 2018; Nilsson, 2015; 
Strohmeyer et al., 2006; Weese et al., 2005), while the average and 
the maximum TVC values are instead the highest recorded in com-
mercially available RMBDs so far, seen the scores of 2.5 × 105 cfu/g 
reached by Freeman and Michel (2001) and 5.0 × 106 cfu/g by Van 
Bree et al. (2018). Unfortunately, comparisons based on meat type 
and animal source were not possible because the RMBDs composi-
tion in other studies were not described in detail.

Meat is commonly recognized as one of the most perishable 
foods by virtue of its chemical composition which favours microbial 
growth and speeds up the spoilage process (Doulgeraki, Ercolini, 
Villani, & Nychas, 2012). The microbial load of the analysed products 
grew indeed significantly over the short period considered, suggest-
ing that defrosted RMBDs should be consumed within one day, as 
usually reported on their labels. Furthermore, higher temperatures 
predictably developed a more suitable environment for bacterial 
proliferation in the samples examined. Storage temperature is the 
paramount concern relative to proper meat conservation, and food 
safety authorities worldwide recommend that refrigerated foods be 
stored between 4 and 5°C in order to prevent or inhibit the growth 
of spoilage and pathogenic microorganisms (Roccato et al., 2015). 
In fact, the literature clearly demonstrated that storing meat at 4°C 
or below immediately after slaughtering and during transportation 

is critical for its hygiene, safety and shelf life (Dave & Ghaly, 2011). 
The growth of the major mesophilic bacteria of public health sig-
nificance (e.g. Salmonella spp., L. monocytogenes, Y. enterocolitica) is 
limited at normal refrigerated storage conditions (0–4°C), but they 
may pose a potential public health threat if meat is subjected to 
temperature abuse, particularly during storage and transportation 
(Lambert et al., 1991; Palumbo, 1986). Time-temperature abuse due 
to improper consumer food handling practices has been reported as 
one of the most common contributory factors in outbreaks of food-
borne bacterial infections (Roccato et al., 2015). Given the high initial 
microbial load of the products analysed in this study, particular care 
must be taken by owners handling and storing commercial RMBDs 
purchased from the Internet in order to prevent further and faster 
contaminations.

It is no surprise that raw meat, whether sold for human or ani-
mal consumption, can be also contaminated with a variety of patho-
genic bacteria despite the care used during its processing (LeJeune 
& Hancock, 2001). The risk of food-borne illnesses in pet animals 
consuming RMBDs is therefore a concern, but the public health risk 
of infections should be also plentifully considered since zoonotic 
pathogens may be transmitted directly by handling the raw ingre-
dients or indirectly by the faecal-oral route. Microorganisms of the 
genus Salmonella are the ones which received the most attention in 
pet food investigations because of their well-known zoonotic poten-
tial. Even if Salmonella-related gastroenteritis in dogs (Chengappa et 
al., 1993; Morley et al., 2006; Stone et al., 1993) and fatal septicae-
mia in cats (Stiver, Frazier, Mauel, & Styer, 2003) have been reported, 
pets can more commonly become subclinical carriers and the main 
concern is thus related to the possible infection of humans as a result 
of strict contacts or environmental contaminations. The literature 
demonstrated that Salmonella is frequently found in faeces from 
dogs consuming contaminated raw meat (Finley et al., 2007; Joffe 
& Schlesinger, 2002; Lefebvre, Reid-Smith, Boerlin, & Weese, 2008; 
Leonard et al., 2011; Morley et al., 2006; Stone et al., 1993), and 
pet-to-person transmission of this pathogen may happen if carrier 
animals are handled without observing proper hygienic practices 
(LeJeune & Hancock, 2001). No Salmonella spp. were found in the 
RMBDs collected for this study, in line with the results obtained in 
a previous investigation by Freeman and Michel (Freeman & Michel, 
2001). However, many works reported the presence of Salmonella in 
both homemade and commercial RMBDs instead, with prevalence 
rates ranging from 2% to 100% of the tested samples (van Bree et 
al., 2018; Chengappa et al., 1993; Finley et al., 2008; Fredriksson-
Ahomaa et al., 2017; Joffe & Schlesinger, 2002; Lenz, Joffe, 
Kauffman, Zhang, & Lejeune, 2009; Morley et al., 2006; Nemser 
et al., 2014; Stone et al., 1993; Strohmeyer et al., 2006; Weese et 
al., 2005). Interestingly, a recent publication attributed the onset 
of salmonellosis in two cats to the feeding of frozen poultry-based 
RMBDs bought on the Internet (Giacometti, Magarotto, Serraino, & 
Piva, 2017).

Listeria monocytogenes was previously found in 16% and 54% of 
the RMBDs evaluated by Nemser and colleagues (Nemser et al., 2014) 
and by Van Bree and colleagues (van Bree et al., 2018) respectively; 
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in the same studies, 17% and 43% of the samples confirmed to be 
positive also for other Listeria species. In the present investigation, 
the prevalence of these bacteria was higher as L. monocytogenes 
and other Listeria species were found in 65% and 55% of the ana-
lysed products. So far as known, a low prevalence of Listeria has 
been detected in dogs’ faeces (Weber, Potel, Schäfer-Schmidt, Prell, 
& Datzmann, 1995) and few clinically manifest infections caused 
by L. monocytogenes have been documented (Palerme et al., 2016; 
Pritchard et al., 2016; Schroeder & van Rensburg, 1993), one of which 
was a case of abortion in a bitch fed raw meat products (Weber & 
Plagemann, 1991). Despite the mainly asymptomatic role in pets and 
the relatively limited spreading potential through faeces, L. monocy-
togenes can cause a severe disease in humans even several weeks 
after exposure and symptoms range from flu-like to more serious in-
fections (e.g. meningitis) and other potentially life-threatening com-
plications, especially in people with a weakened immune system and 
pregnant women where it may cause abortion (van Bree et al., 2018). 
Seen the high prevalence of L. monocytogenes found in this study, the 
handling of RMBDs purchased online may become a concrete source 
of environmental contamination and a noteworthy infection risk fac-
tor for pet owners if appropriate hygiene precautions are not taken.

Yersinia enterocolitica is another microorganism frequently iso-
lated from raw meat, and dogs can be subclinically infected with 
serotypes that are pathogenic to their species but also to humans 
(LeJeune & Hancock, 2001). In fact, the development of canine 
Yersinia-related enteritis as well as the transmission of this patho-
gen from dogs to people has been reported in the literature (David 
Wilson, McCormick, & Feeley, 1976; Fenwick, Madie, & Wilks, 1994; 
Fredriksson-Ahomaa, Korte, & Korkeala, 2001; Gutman, Ottesen, 
Quan, Noce, & Katz, 1973). Although Y. enterocolitica is more fre-
quently detected in pork meat (Fredriksson-Ahomaa et al., 2017, 
2001; LeJeune & Hancock, 2001), it was found in three products 
obtained from different animal sources (i.e. bovine, turkey mixed 
with rabbit, lamb) in the present research. Fredriksson-Ahomaa et 
al. (2017) recently identified Y. enterocolitica in 10 out of 88 RMBDs, 
namely those containing pork, as well as in the faeces of one dog (out 
of 29) and one cat (out of 2) fed with those diets.

Clostridium difficile and C. perfringens were isolated in 46% and 
25% of the RMBDs samples collected for this study, respectively, 
and SRC were isolated in 75% of the samples. The identification of 
potentially pathogenic spore-forming bacteria is noteworthy since 
both C. difficile and C. perfringens are well recognized causes of en-
teric disease in dogs and of food poisoning and diarrhoea in humans 
(Marks & Kather, 2003; Weese et al., 2005).

The research of C. difficile was performed for the possibility of 
human exposure through direct or indirect contact (e.g. environmen-
tal contamination through faeces) with pets that are eliminators or 
carriers of this pathogen (Hensgens et al., 2012). In fact, C. difficile 
was recently isolated from the faeces of dogs and cats (Andrés-
Lasheras et al., 2018; Hussain et al., 2015; Rabold et al., 2018), and 
molecular epidemiology studies have shown a substantial identity 
between these strains and those isolated in humans (Rabold et al., 
2018).

Weese Rousseau and Arroyo (2005) reported the presence of 
toxigenic C. difficile in a turkey-based commercially available RMBD. 
More recently, C. difficile was not detected in any of the 20 feline 
raw foods purchased in France (Bouttier et al., 2010). The isolation 
of C. difficile from raw meat for human consumption has been well 
documented (Bouttier et al., 2010; De Boer et al., 2011; Jöbstl et 
al., 2010), and recent studies showed that the contamination of car-
cass and offal surfaces can already occur during from the slaughter 
of livestock and poultry (Bakri, 2018; Guran & Ilhak, 2015; Knight, 
Putsathit, Elliott, & Riley, 2016). Therefore, the consumption by pets 
of raw meat, raw offal and other animal by-products may be a pos-
sible source of C. difficile intestinal colonization. However, the role 
of pet animals in the spread of human C. difficile infections is still 
unclear (Clooten, Kruth, Arroyo, & Weese, 2008; Hensgens et al., 
2012; Stone et al., 2016).

There are some limitations that should be noted when consider-
ing the results of this study. The design is limited in that only tradi-
tional microbiological methods have been used, whose sensitivity is 
inferior when compared to modern molecular analyses. Moreover, 
not all major food-borne pathogens have been tested for presence 
in the collected products. However, these limitations do not hinder 
the importance of this study which showed that the microbiologi-
cal quality of RMBDs purchasable online may be low and that such 
products may carry zoonotic pathogenic bacteria whose prevalence 
is more of a concern from a public health standpoint. Other risks 
posed by the consumption of RMBDs (e.g. nutritional imbalances, 
physical damages) have been widely discussed in a recent paper by 
Morelli et al. (2019).

5  | CONCLUSIONS

Feeding RMBDs is a current trend among pet owners and purchasing 
frozen ingredients from the Internet has become a common practice. 
This study showed that RMBDs sold online could reach very high 
levels of bacterial contamination that may further increase if such 
products are not stored properly at home. Moreover, zoonotic meat-
borne bacteria like Listeria monocytogenes and Yersinia enterocol-
itica and food-borne pathogens (C. perfringens and C. difficile) were 
found in the analysed products, making the feeding and handling of 
RMBDs a potential health hazard both for animals and in-contact 
humans. Online RMBDs sellers should take further measures to 
minimize adulteration and prevent the growth of pathogens. Also, 
RMBDs feeders should be educated about the sanitary risks to ani-
mal and human health posed by the handling and the administration 
of such products, and they should be encouraged to improve kitchen 
hygiene rules and domestic cleaning standards.
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