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Abstract 

Background:  Listeria monocytogenes is one of the commonly isolated foodborne pathogens which cause illness, and 
listeriosis is a disease caused by this pathogen in human beings. Pets that consume contaminated pet food diets can 
be colonized by L. monocytogenes without showing clinical signs making the pets a possible source of contamina-
tion in the household. This study aimed to detect and enumerate the presence of L. monocytogenes in pet food diets, 
namely cat and dog food.

Result:  A total of 32 samples consisting of wet food (25%), dry food (25%), treats (25%), and leftover household sam-
ples (25%) were examined for this study. The pet food diets were sampled from pet food shops, grocery stores, and 
households located in Kuching and Kota Samarahan. The analysis was conducted using the most probable number–
polymerase chain reaction (MPN-PCR). According to the results obtained from MPN-PCR, none of the samples were 
contaminated by L. monocytogenes.

Conclusion:  Being the first biosafety assessment of L. monocytogenes in pet food in Malaysia, this study can contrib-
ute to the building of a database regarding the potential contamination of pet food diets by L. monocytogenes.
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Background
Listeria monocytogenes is recorded to be one of the 
numerous foodborne pathogens that cause foodborne ill-
ness [13]. It is rod-shaped, non-spore forming, facultative 
anaerobe and gram-positive bacteria which are known to 
be an opportunistic intracellular pathogen. Listeriosis is 
a rare but a serious foodborne disease which is caused by 
the pathogen L. monocytogenes. When compared to other 
foodborne pathogens such as Salmonella, listeriosis is 
known to have high fatality rates (20–30%). Even though 
L. monocytogenes cause a mild gastroenteritis in healthy 
adults, the illness can be severe in immunocompromised 
individuals, pregnant women, infants, and the elderly. 
Listeria species are tolerant to extreme conditions such 
as low temperature, high salt concentration, and low pH. 

As a result, they are present in a variety of environments 
which include water, sewage, effluents, silage, soil, and 
foods [8].

Pet food is a food intended for pet consumption, and 
the pet food diets used in this research were foods for 
cats and dogs. The cat/dog food samples are commer-
cially prepared dry food, wet food, and treats and leftover 
household foods. L. monocytogenes can cause infection 
in both cats and dogs. In some cases, these companion 
animals show no symptoms, but they continue to shed 
L. monocytogenes in their stool causing zoonotic health 
threat [17]. Although rare cases of listeriosis in compan-
ion animals, especially dogs and cats, have been reported, 
some clinical manifestations have been observed such as 
abortion, septicaemia with encephalomyelitis, or cutane-
ous form [3, 14, 20, 21, 24]. According to US Food and 
Drug Administration [23], several recalls of pet food 
diets had been made due to the fear of potential contami-
nation by L. monocytogenes. The contamination of com-
mercially prepared pet food diets by L. monocytogenes 
has been reported in many cases, especially in the USA 
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[18, 23]. This indicates that various pet food diets are 
susceptible to contamination by L. monocytogenes lead-
ing to infections that are detrimental to human beings as 
well as animals. Even though there have been cases of pet 
food recalls due to contamination by L. monocytogenes, 
there are very limited data regarding pet food contamina-
tion with L. monocytogenes worldwide. In Malaysia, there 
are no published reports available on the prevalence of 
L. monocytogenes or other pathogens in pet food. As a 
result, this study was carried out to assess the presence of 
L. monocytogenes in pet foods under the hypothesis that 
there is a risk of transmission of L. monocytogenes from 
pet food to human beings causing a health threat to sus-
ceptible individuals. The aim of this study is to determine 
the presence of Listeria monocytogenes in various types of 
cat/dog food using MPN-PCR method. This study is the 
first biosafety assessment of L. monocytogenes in Malay-
sia; as a result, the findings from this study can be used to 
provide a baseline data and to create awareness regarding 
pet food contamination in Malaysia.

Methods
Sample collection
Twenty-four dog and cat food samples were randomly 
purchased from seven locations in Kuching and Kota 
Samarahan. These samples encompassed commer-
cially prepared dry dog/cat food, wet dog/cat food, and 
treat for dogs. The samples were purchased in different 
forms of packaging. Some of these samples were packed, 
i.e., they were packed in the companies they were pro-
duced, whereas some of the samples were repacked into 
smaller bags in their respective pet food shops. Most of 
the repacked pet food samples were kibbles/pellets and 
treats. Some were unpacked, meaning that they were 
displayed in the shops and were not packed. All the 
unpacked samples were dog treats. Eight samples were 
collected from households, and the foods from the house-
holds were human leftover foods that were comprised of 
cooked rice (sample no. 25, sample no. 26, and sample no. 
28), rice with long bean (sample no. 27), ice with seafood 
(sample no. 30), rice with chicken meat (sample no. 31), 
rice with anchovy (sample no. 32), and rice with anchovy 
and vegetables (sample no. 32), which were fed to dogs or 
cats. Before the foods were given to the companion ani-
mals, some of them were kept in a sterile bag and stored 
in ice for transportation. The analysis was done as soon 
as possible upon sample receipt. For each of the samples, 
two replicates were used. The unpacked treats were dis-
played in a big box. As a result, two treats from the same 
box were purchased as two replicates and the whole box 
containing the treats was counted as one sample.

Pre‑enrichment
The initial suspension (10−1 dilution) was prepared 
by mixing ten grams of the food sample with 90  ml of 
buffered peptone water (BPW) in a stomacher bag. The 
sample was homogenized manually for 1–3  min, and 
following this it was incubated for 1 h at 20 °C. In some 
cases, the samples were less than 10  g or more than 
10  g and could not be broken down into pieces. In this 
case, the samples were weighed as a whole (S) and were 
mixed in 9 × S of BPW. Then, all the samples were serially 
diluted in the ratio 1:100 and 1:1000 with BPW [15].

Enumeration by most probable number (MPN) method
For enumeration by MPN, 1 ml of three successive ten-
fold dilutions was transferred into three test tubes that 
contain 9 ml of fraser (BD Difco™) broth. The nine tubes 
were then incubated for 48  h at 30  °C. Then, the tubes 
were checked for turbidity [9]. The number of turbid 
tubes per replicate was scored against an MPN table to 
find the most probable number. PCR was then conducted 
to confirm the presence of L. monocytogenes.

DNA extraction
DNA extraction was conducted using the boiled-cell 
method [16]. A 500 µl [9] portion of the broth was cen-
trifuged at 10,000  rpm for 2  min. The pellet was then 
resuspended in 500 µl of sterile distilled water and vortex 
in order to re-suspend the pellets. Then, the tubes were 
boiled at 100  °C for 10  min. Following this, the tubes 
were allowed to cool down at − 20 °C for 5 min and were 
centrifuged at 12,000 rpm for 5 min. The supernatant was 
then collected to be used as a template solution for PCR 
amplification.

Polymerase chain reaction (PCR)
For PCR amplification, the nucleotide sequences of the 
primer specifically amplified the 730  bp regions of the 
hly gene (listeriolysin O gene). The primers are forward 
5′-CAT TAG TGG AAA GAT GGA ATG-3′ and reverse 
5′-GTA TCC TCC AGA GTG ATC GA-3′ [1]. The ampli-
fication was performed in 25 µl of reaction mixture con-
taining 5  µl of 5× Green GoTaq® Flexi Buffer, 3  µl of 
25 mM MgCl2 solution, 0.5 µl of 10 mM PCR Nucleotide 
mix, 0.15 µl of GoTaq® DNA polymerase (5 U/µl), 0.5 µl 
of each primer, 2  µl of template DNA, (Promega Cor-
poration, USA), and 13.35  µl sterile distilled water. Fol-
lowing this, the reaction mixtures were heated at 95  °C 
for 2 min in the initial denaturation step followed by 30 
cycles of denaturation at 95 °C for 30 s, annealing at 53 °C 
for 1 min, and extension at 72  °C for 2 min. Finally, the 
sample mixture was heated at 72 °C for 7 min in the final 
denaturation step.
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Agarose gel electrophoresis (AGE)
For the PCR products to be visualized, 5 µl of PCR prod-
uct was run on 1.0% (w/v) agarose gel using 1× TBE 
buffer for 60 min at 100 V. The gel was then stained with 
ethidium bromide and viewed under ultraviolet (UV) 
light [9].

Results
In this study, 32 samples were collected from shops and 
households located in Kota Samarahan and Kuching. The 
tubes that turned black were considered as presump-
tive positive. Only the tubes containing three samples 
turned black, indicating the presence of Listeria species. 
For the other twenty-nine pet food samples, none of the 
tubes turned black, indicating the absence of Listeria 
species. PCR was performed to confirm the presence or 
absence of Listeria monocytogenes. PCR was performed 
for twenty-eight samples but could not be performed 
for four samples due to lack of primers. However, these 
four samples are from the twenty-nine samples where 
no change of color was observed in the tubes contain-
ing the sample and Fraser broth. Table 1 shows the MPN 
and PCR result for all the samples. The MPN table for a 
three-replicate design was adapted from FDA’s Bacterial 
Analytical Manual [25].

Sample number 25, 26 and 27 were positive for Lis-
teria species as some of the tubes containing Fraser broth 
along with the samples turned black. All three samples 
were human leftover foods that were given to the com-
panion animals (dogs/cats). For sample number 25.1, all 
the tubes with 10−1 dilution factor turned black, whereas, 
for sample number 25.2, only two tubes with 10−1 dilu-
tion factor turned black. For sample number 26, all the 
tubes for the two replicates turned black. As for sam-
ple number 27.1, only two tubes with 10−3 dilution fac-
tor remained yellow and the other seven tubes turned 
black. Similarly, most of the tubes of sample number 
27.2 turned black, but all the tubes with 10−3 dilution 
factor remained yellow. For the other twenty-nine sam-
ples, none of the tubes turned black, indicating a negative 
result.

Only three samples indicated a possible contamina-
tion by L. monocytogenes. Nevertheless, with the help of 
PCR all three samples were confirmed negative, i.e., no 
L. monocytogenes were present in the samples. Figure  1 
represents the gel electrophoresis image for the identifi-
cation of L. monocytogenes. As seen in Fig. 1, except for 
the positive control, no bands were observed for the sam-
ples. Furthermore, Table 2 shows the minimum MPN/g, 
median MPN/g, and maximum MPN/g of the different 
types of pet food diets.

Table 1  MPN and PCR result for the samples tested

Sample 
numbers

Types of samples Replicates MPN/g PCR 
analysis

1 Wet food 
(packed)

Cat food 1.1
1.2

< 3
< 3

*a

2 Dry food 
(repacked)

Dog food 2.1
2.2

< 3
< 3

–b

3 Wet food 
(packed)

Dog food 3.1
3.2

< 3
< 3

–

4 Wet food 
(packed)

Cat food 4.1
4.2

< 3
< 3

*

5 Wet food 
(packed)

Cat food 5.1
5.2

< 3
< 3

–

6 Dry food 
(packed)

Cat food 6.1
6.2

< 3
< 3

–

7 Treat 
(unpacked)

Dog treat 7.1
7.2

< 3
< 3

–

8 Wet food 
(packed)

Dog food 8.1
8.2

< 3
< 3

*

9 Wet food 
(canned)

Dog food 9.1
9.2

< 3
< 3

–

10 Wet food 
(packed)

Cat food 10.1
10.2

< 3
< 3

*

11 Dry food 
(packed)

Cat food 11.1
11.2

< 3
< 3

–

12 Wet food 
(canned)

Cat food 12.1
12.2

< 3
< 3

–

13 Dry food 
(repacked)

Dog food 13.1
13.2

< 3
< 3

–

14 Treat 
(unpacked)

Dog treat 14.1
14.2

< 3
< 3

–

15 Treat 
(unpacked)

Dog treat 15.1
15.2

< 3
< 3

–

16 Treat 
(unpacked)

Dog treat 16.1
16.2

< 3
< 3

–

17 Treat 
(unpacked)

Dog treat 17.1
17.2

< 3
< 3

–

18 Dry food 
(repacked)

Dog food 18.1
18.2

< 3
< 3

–

19 Dry food 
(repacked)

Dog food 19.1
19.2

< 3
< 3

–

20 Dry food 
(repacked)

Cat food 20.1
20.2

< 3
< 3

–

21 Treat 
(packed)

Dog treat 21.1
21.2

< 3
< 3

–

22 Treat 
(repacked)

Dog treat 22.1
22.2

< 3
< 3

–

23 Dry food 
(repacked)

Cat food 23.1
23.2

< 3
< 3

–

24 Treat 
(repacked)

Dog treat 24.1
24.2

< 3
< 3

–

25 Household 
leftover

Dog food 25.1
25.2

23
9.2

–

26 Household 
leftover

Dog food 26.1
26.2

> 1100
> 1100

–

27 Household 
leftover

Dog food 27.1
27.2

460
240

–

28 Household 
leftover

Cat food 28.1
28.2

< 3
< 3

–
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Discussion
In order to enumerate and detect Listeria monocytogenes 
in dog/cat food, a PCR-based method was combined 
with MPN method. The application of PCR, a molecu-
lar method, can help to overcome false-negative results 

that occur as a result of insufficient recovery during the 
enrichment procedures. When compared to the tradi-
tional method whereby MPN is coupled with a biochemi-
cal test, MPN-PCR has reduced the identification and 
enumeration process from about 10 days to 2 days. As a 
result, the combination of these two methods (MPN and 
PCR) has proved to be simpler, more reliable, and less 
laborious. In addition, MPN is generally preferred when 
the level of L. monocytogenes in the sample is expected 
to be low, i.e., ≤ 10–100  MPN/g [10]. This was further 
proved by a study conducted by Chen et  al. [4] as the 
MPN method was observed to be more precise than 
direct plating for most of the samples where the levels 
of L. monocytogenes were low. Since most of the samples 
examined in this study are commercially prepared pet 
food samples or cooked in the case of the human leftover 
food, it is possible for these samples to have low levels of 
L. monocytogenes in a case of contamination.

If only direct PCR was to be performed on the cat/
dog food samples, it is possible for false positive results 
to occur due to the presence of dead cells. The incorpo-
ration of MPN method which allows only viable cells to 
grow can solve this problem by complementing the PCR 
method for accurate detection of L. monocytogenes [22]. 
The primers used in this study amplified a specific region 
present in the hly gene of L. monocytogenes. These prim-
ers are highly specific toward Listeria monocytogenes and 
do not amplify any DNA sequence present in other Lis-
teria spp. or other non-Listeria organisms [1].

Microorganisms in foods are often injured and become 
sensitive to the selective agents present in the media rec-
ommended for their isolation. As a result, in order to 
overcome this limitation, the recovery of stressed cells 
is achieved by a pre-enrichment step in a non-selective 
broth which is prior to the selective enrichment [15]. 
Buffered peptone water was used in the pre-enrichment 
step of this study. Fraser broth was then used as a diag-
nostic enrichment broth. The modification of USDA 
secondary enrichment broth through the addition of 
lithium chloride and ferric ammonium citrate led to 
the production of a new enrichment broth called Fraser 
broth. Fraser broth contains esculin, and since all Lis-
teria spp. are capable of hydrolyzing esculin, the broth 
will turn black in the presence of Listeria species. Cul-
tures which do not turn black can be considered free of 
Listeria spp., and further analysis may be unnecessary. 
However, potential negative results with Fraser broth can 
occur and as a result, it is advised to plate all cultures for 
further analysis [6, 13]. In this study, the result shown in 
Fraser broth was further confirmed using PCR.

In Malaysia, cases of listeriosis have not been reported 
and this can be due to the omission of the L. monocy-
togenes among the reported pathogens. However, studies 

Table 1  continued

Sample 
numbers

Types of samples Replicates MPN/g PCR 
analysis

29 Household 
leftover

Dog food 29.1
29.2

< 3
< 3

–

30 Household 
leftover

Dog food 30.1
30.2

< 3
< 3

–

31 Household 
leftover

Cat food 31.1
31.2

< 3
< 3

–

32 Household 
leftover

Cat food 32.1
32.2

< 3
< 3

–

a  Symbol (*) indicates PCR analysis was not performed due to unavailability of 
primers
b  Symbol (±) indicates positive and negative result of the presence of L. 
monocytogenes

Fig. 1  Representative gel image of PCR amplification. Lanes M, DNA 
ladder (100 bp); lanes 1, positive control (730 bp); lanes 2–10, sample 
24 to sample 32

Table 2  Quantity of  Listeria species in pet food samples 
examined using MPN method

Types of pet food MPN/g value

Minimum Median Maximum

Wet pet food < 3 < 3 < 3

Dry pet food < 3 < 3 < 3

Treats < 3 < 3 < 3

Human leftover food < 3 < 3 > 1100
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have reported that L. monocytogenes has been isolated 
from various types of food such as fish, chicken, beef, and 
poultry [3, 10]. When it comes to cat and dog food, there 
are a very limited data with regard to the contamination 
of these pet food diets by L. monocytogenes around the 
world. In Malaysia, there is no data regarding the contam-
ination of dog or cat food diets with any type of micro-
organism. Studies conducted by Nemser et  al. [18] and 
US Food and Drug Administration [5] are one of the few 
studies that reported the contamination of commercially 
prepared dog and cat food diets by L. monocytogenes. 
However, the contaminated dog and cat food diets were 
found to be commercially prepared raw foods. To the 
best of our knowledge, there is no commercially prepared 
raw pet food for cats and dogs in Malaysia. Hence, the 
types of dog and cat food diets examined were commer-
cially prepared dry pet food (Kibbles), wet pet food, and 
treats. Furthermore, commercially prepared raw dog and 
cat food diets were replaced by human leftover foods 
that are given to companion animals (dogs and cats). The 
result obtained showed that L. monocytogenes were not 
present in any of the samples. This indicates that none of 
the samples even the unpacked treats that were displayed 
in shops without proper packaging or the repacked pet 
food were contaminated by L. monocytogenes.

Water activity (aw) is a practical tool in the development 
and production of safe and stable pet food diets since it is 
critical for microbial growth. The optimum water activ-
ity for the growth of L. monocytogenes is ≥ 0.97; how-
ever, this bacterium has been observed to multiply at aw 
values as low as 0.90 [11]. Dog and cat food diets have 
different water activity, and this can be due to the usage 
of different raw materials or extrusion techniques (in a 
case of dry pet food) [2]. According to Timmons (2006 
as cited in 2), the water activity for dry pet food and hard 
treats ranges from 0.40 to 0.45, whereas for soft pet foods 
the water activity falls between 0.60 and 0.85. However, 
according to Oni et  al. [19], the water activity of differ-
ent dry dog food diets was observed to be in the range 
of 0.495–0.653. Furthermore, the water activity of canned 
food is higher than 0.85, and as a result, the canned foods 
are acidified (Timmons, 2006 as cited in 2). This shows 
that the water activity of these commercially prepared 
dog and cat food diets is not suitable for the growth of L. 
monocytogenes. As a result, the low water activity of the 
dry pet food and treats as well as the acidity of the wet 
pet food diets can be one of the reasons that led to the 
absence of L. monocytogenes in the commercial dog and 
cat food diets. However, it is important to note that, in a 
case of contamination, L. monocytogenes will still be alive 
at low water activity value and they can start to multiply 
once they find a suitable environment [2, 11].

Moreover, 37.5% (three samples) of the household sam-
ples showed turbidity in the Fraser broth, indicating the 
presumptive presence of L. monocytogenes. However, 
when PCR was performed for these samples, L. monocy-
togenes was not detected. The leftover household samples 
were all cooked food prepared for human consumption. 
After the families finished eating, they immediately gave 
the leftover food to the pets and in the case of two sam-
ples (sample 25 and 26); the food was stored for the next 
day. They left the food outside without proper refrigera-
tion until the next day, and they gave it to their pets as 
breakfast. When processed in the laboratory, these two 
samples showed the presence of Listeria. Even though 
L. monocytogenes is the primary human pathogen, there 
have been rare cases of illness caused by L. innocua, L. 
ivanovii, and L. seeligeri [8]. Hence, there are chances 
that these samples (25, 26, and 27) might have been con-
taminated with these species but not L. monocytogenes. 
Contamination by Listeria spp. might have been due to 
cross-contamination after cooking or contamination of 
the ingredients used to prepare the food provided that 
the food was not cooked properly.

These dog and cat food samples may be free from L. 
monocytogenes making them safe for consumption by 
dogs and cats. However, there are chances that these pet 
food diets may have been contaminated by other patho-
gens such as Salmonella and Escherichia coli [18]. As a 
result, it is essential for the pet owners to be careful when 
handling pet food. Risk mitigation practices and proper 
pet food handling can be effective in reducing the expo-
sure risk. It is highly recommended to wash hands after 
touching pet food, avoid cross-contamination between 
human food and pet food, and avoid the ingestion of pet 
food by infants and children [12]. In addition, when feed-
ing a pet wet food from cans and pouches, immediately 
cover and refrigerate any of the food that is left in the con-
tainer and any wet food that the pet did not eat during the 
meal should be thrown away. Dry pet food (in its original 
bag) should be stored in a clean plastic container with a 
lid, and the top of the bag should be folded or closed [7].

Conclusion
To conclude, Listeria monocytogenes was not present in 
any of the pet food samples examined. However, contam-
ination of these pet food diets by other microorganisms 
is possible. Therefore, future studies on the contamina-
tion of pet food diets by other microorganisms such as 
Salmonella are highly encouraged. Even though none 
of the samples were positive for L. monocytogenes, pet 
owners are advised to employ risk mitigation practices 
such as washing of hands after touching pet food. In 
Malaysia, this study is the first biosafety assessment of L. 
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monocytogenes in dog and cat food. Hence, its findings 
can contribute to the building of a database for knowl-
edge development.
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