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Abstract 

 

 We developed a quantitative method for detecting Listeria species in food using the DOXTM system. The system 
could detect low concentrations (10 cfu/ml) of Listeria monocytogenes,  L. innocua, and L. welshimeri, and could not 
detect medium concentrations (103 cfu/ml) of the 29 non-Listeria organisms examined in this study. The relationship 
between detection time and bacterial count of the 3 Listeria species had a good linear calibration curve. We carried out 
a recovery examination by inoculating 15 food samples with L. monocytogenes, and each sample was examined 5 times. 
L. monocytogenes was detected in 68 of the 75 samples inoculated with an ultra-low concentration of bacteria (<1 log 
cfu/ml), and the detection time of the positive samples was 1,052–1,870 min (average, 21.9 h). The DOX system provides 
rapid results (usually within 1 day), and requires no special techniques for measurement. The DOX system may be a 
useful tool for determining the presence of Listeria spp. in food and environmental samples at food processing 
companies, though more validation studies and field studies are needed. 
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Introduction 

According to Bergey’s Manual of Systematic 
Bacteriology, the genus Listeria contains 6 species and 
includes Gram-positive, rod-shaped, and aerobic 
bacteria (Mclauchlin and Rees, 2011). Recently, ten new 
species of Listeria such as L. marthii, L. rocourtiae, L. 
weihenstephanensis, L. floridensis, L. aquatica, L. 
cornellensis, L. riparia, L. grandensis, L. booriae and L. 
newyorkensis were reported (Graves et al, 2010; Leclercq 
et al, 2010; den Bakker et al, 2014; Weller et al, 2015), 
but these species of Listeria have not been associated 
with human and animal disease at this time.  

L. monocytogenes is a major pathogenic species 
in humans and animals; however L. monocytogenes and 
L. ivanovii are zoonotic organisms (Mclauchlin and 
Rees, 2011). Variability in the growth limits of L. 
monocytogenes is wide, and the organism is able to grow 
at a wide pH range(pH 5.5–9.6), high bile 
concentration(40%), and high salinity(13.9% NaCl) 
(Wetzler et al, 1968; Schmid et al, 2005; Shabala et al, 
2008; Mclauchlin and Rees, 2011). In addition, L. 
monocytogenes can grow in temperatures ranging from 
0 °C to 45 °C (Mclauchlin and Rees, 2011) .  

Listeriosis caused by L. monocytogenes has 
been recognized as an important food hygiene problem 
worldwide (Tasara and Stephan, 2006; Mclauchlin and 
Rees, 2011). This disease affects primarily pregnant 
women, newborns, and adults with weakened immune 
systems (Mclauchlin and Rees, 2011; Allerberger and 
Huhulescu, 2015). Reservoirs of L. monocytogenes are 
present in the environment and in human and animal 
populations (Mclauchlin and Rees, 2011), and are also 
commonly found in soil and water. Animals can carry 
the bacterium without appearing ill and can 
contaminate foodstuffs of animal origin, such as meat 
and dairy products. Uncooked meat, vegetables, 
unpasteurized milk and derived products, and ready-
to-eat food are major sources of this pathogen for 
humans, and many countries have regulations 
regarding the safe limits of L. monocytogenes in 
foodstuffs. The CODEX Alimentarius contains 
“CAC/GL 61-2007, Guidelines on the Application of 
General Principles of Food Hygiene to the control of 
Listeria monocytogenes in Ready-to-Eat Foods.” In one of 
the guidelines, the microbiological criteria for ready-
to-eat foods state that the growth of L. monocytogenes 
should not be detected in 5 samples (sample volume of 
25 g and microbiological limit < 0.04 cfu/g) and the 
organism should not grow in 5 food samples 
(microbiological limit: 100 cfu/g). In Japan, in 2014, the 
Ministry of Health, Labor, and Welfare published their 
regulations for the growth of L. monocytogenes in 
unheated processed meat products, soft cheese, and 
semi-hard cheese, and for the approved detection 
method. The standard limit in food was set at <100 
cfu/g.   

The DOXTM system (Bio-Theta, Osaka, Japan) 
provides a quantitative method for estimating bacterial 
counts based on respiration rate (Fig 1a) (Amano et al, 
1999; Katayama, 2000). An oxygen electrode measures 
the level of dissolved oxygen in a sample diluted with 
media. Over time, a sample with a high bacterial load 
will cause the level of dissolved oxygen to decrease to 
a given threshold value faster than will a sample with 

a low bacterial load. The time required to reach the 
threshold level correlates with the amount of bacteria 
in the sample. Then, by creating a standard curve for 
each food matrix, the level of bacterial contamination 
can be estimated in unknown samples. In addition, the 
DOX system has a special feature that enables 
organisms to be isolated on agar gel by using the 
reagents in the DOX cassette (Fig 1b) once the organism 
has been detected by the DOX system. The DOX 
system provides rapid results and requires no special 
techniques for measurement. At present, Daikin 
Industries Ltd. staff have developed and supplied a 
total viable count (TVC) test kit, a quantitative 
coliforms and Escherichia coli detection test kit, a 
Staphylococcus aureus detection kit, a Salmonella 
detection kit, and a Vibrio spp. detection kit(Amano et 
al, 2001; Kawasaki et al, 2003; Tanno et al, 2014). 
Furthermore, the Association of Analytical 
Communities International Research Institute has 
recognized the TVC test (Certificate No. 040801) and 
quantitative coliforms and E. coli test (Certificate No. 
120801) in the DOX system. 
 

 

Figure 1 (a) Detection unit of the Bio-Theta DOX
TM

 system. 
(b) The DOX cassette 

 
 Conventional quantitative culture 
procedures, such as ISO11290-1 and IDF143A, take 
approximately 2 days to perform, but the DOX system 
only requires 1 day. When an inspector gets a quick 
result, they will be able to give a quick response, so 
time is of the essence. Here, we developed a novel 
quantitative method for detecting 3 species of Listeria 
including L. monocytogenes using the DOX system. 



Tanno S. et al. / Thai J Vet Med. 2015. 45(4): 551-559.              553 

 

Materials and Methods 

Isolates: A total of 8 strains of 3 Listeria species (4 
strains of L. monocytogenes, 2 strains of L. innocua, and 2 
strains of L. welshimeri) and 29 strains of non-Listeria 
species were studied (Table 1). The serotypes of the 4 
L. monocytogenes strains were 1/2a (strain no. 2 and 
no.4), 4a (strain no. 1), and 4b (strain no. 3). Twenty-
two strains were supplied by the American Type 
Culture Collection (ATCC), 3 strains by the Japan 
Collection of Microorganisms (JCM), RIKEN 
BioResource Center, Japan, 1 strain by the Biological 
Resource Center, National Institute of Technology and 
Evaluation, Japan, and 1 strain by the Research 
Institute for Microbial Diseases (RIMD), Osaka 
University, Japan. The other 10 strains were isolated 
from meat (4 strains), non-meat food (3 strains), 
seawater (3 strains), and a patient (1 strain). 
 

 
Figure 2 The relationship between detection time and 

bacterial count. (a) 4 strains of L. monocytogenes, 
(b) 2 strains of L. innocua, and (c) 2 strains of L. 
welshimeri. 

 
DOX system examination of the isolates: The Listeria 
strains were streaked on trypticase soy agar (Nissui, 
Tokyo, Japan) with 0.6% yeast extract (Oxoid, 
Hampshire, UK) and the non-Listeria strains were 
streaked on trypticase soy agar alone and incubated at 
35 °C for 16–20 h under aerobic conditions. The 

growing Listeria strains were adjusted to 
approximately 105 cfu/ml (high concentration), 103 
cfu/ml (medium concentration), and 101 cfu/ml (low 
concentration) in a physiological salt solution (PSS; pH 
7.2). The non-Listeria strains were adjusted to 
approximately 106 cfu/ml (high concentration) and 103 
cfu/ml (medium concentration) in PSS. Beforehand, 
the concentrations of the bacteria were measured using 
the optical density (OD) value at 660 nm. Then, 1 ml 
custom diluted solution containing the test organisms 
and 1 ml DOX Listeria media were inoculated in the 
DOX coliform cassette and shaken by hand for 30 s. The 
cassette was placed in the sample port of the DOX 
system and left for 36 h. When the DOX system 
revealed a positive result, we recorded the total 
measurement time. All samples were examined in 
triplicate. 
 
Recovery examination of food inoculated with L. 
monocytogenes: L. monocytogenes JCM 7674 was 
streaked on trypticase soy agar with 0.6% yeast extract, 
and incubated at 35 °C for 16–20 h under aerobic 
conditions. The growing strain was adjusted to 
approximately 103 cfu/ml and 102 cfu/ml in PSS. We 
collected 15 food samples consisting of 5 ground pork 
samples, 2 processed cheese samples, 2 king salmon 
(Oncorhynchus tshawytscha) samples, a masu salmon 
(O. masou masou) sample, a bigeye tuna (Thunnus 
obesus) sample, a giant tiger prawn (Penaeus monodon) 
sample, a Japanese flying squid (Todarodes pacificus) 
sample, a candlefish (Anoplopoma fimbria) sample, and 
a parmesan cheese sample from markets in Japan.  
Before adding L. monocytogenes, we performed a 
Listeria detection examination by using the ISO11290-2 
method. One ground pork sample (sample no. 4) was 
positive (50 cfu/g) and the isolated bacterium was 
identified as L. welshimeri. For the detection of L. 
monocytogenes, each 25-g food sample, excluding the 
masu salmon sample, was placed in 225 ml PSS and 
mixed thoroughly for 1 min. The masu salmon sample 
(25 g) was placed in 725 ml PSS because masu salmon 
contains a high concentration of astaxanthin, which 
consumes the dissolved oxygen in the sample and 
detection solution (Ambati et al, 2014). Then, 1 ml 
custom diluted food solution (×30 for the masu salmon 
solution and ×10 for the other sample solutions), 10 µl 
diluted approximately 103 cfu/ml or 102 cfu/ml Listeria 
solution, and 1 ml DOX Listeria media were inoculated 
in the DOX coliform cassette and shaken by hand for 
30 s. The cassette was placed in the sample port of the 
DOX system and left for 36 h. When the DOX system 
revealed a positive result, we recorded the total 
measurement time. All samples were examined 5 
times. 

Results 

Qualitative analysis of Listeria strains: The results for 
the high-, medium-, and low-concentration Listeria 
samples detected by the DOX system are shown in 
Table 2. The mean positive rate of the high- (105 
cfu/ml), medium- (103 cfu/ml), and low-concentration 
(10 cfu/ml) Listeria samples was all 100%. The 
detection time of the Listeria samples was 367.7–437.3 
min for the high-concentration samples, 625.7–1234.3 
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min for the medium-concentration samples, and 867.0–
1565.3 min for the low-concentration samples. The rate 
of change of Listeria samples during the detection 
period was 0.7–4.7% for the high-concentration 
samples, 0.2–7.4% for the medium-concentration 
samples, and 0.5–4.6% for the low-concentration 
samples. A linear calibration curve between the 
detection time and bacterial count was observed for all 
Listeria strains examined in this study. The correlation 
coefficient (r) of the calibration curve was lowest for L. 
welshimeri (sample no. 7; 0.9658), followed by L. 
monocytogenes (sample no. 2; 0.9835), L. welshimeri 
(sample no. 8; 0.9890), and L. monocytogenes (sample no. 
4; 0.9897). The correlation coefficient for all other 
Listeria strains was >0.99. 
 

Qualitative analysis of non-Listeria strains: For the 29 
non-Listeria samples, the mean negative rate for the 
high-concentration (106 cfu/ml) samples was 86.2% 
(25/29) and that for the medium-concentration (103 
cfu/ml) samples was 100% (29/29). The results for the 
4 positive non-Listeria samples detected by the DOX 
system are shown in Table 3. For the high-
concentration samples, Acinetobacter baumannii ATCC 
19606 (strain no. 9), Providencia rettgeri ATCC 29944 
(strain no.24), and Vibrio cholerae non-O:1 RIMD 
2203259 (strain no. 36), Candida albicans ATCC 10231 
(strain no. 37), were identified with detection times of 
161.7 min, 303.3 min, 96.0 min, and 34.0 min, 
respectively.  
 

Table 1 Listeria and Non-Listeria strains examined in this study. 
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Table 2 Results for high-, medium-, and low- concentration Listeria samples analyzed by the DOX system. 
 

 
 
Table 3 Results for positive non-Listeria samples by the DOX system. 
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Table 4 Results for food samples inoculated with L. monocytogenes by the DOX system. 
 

 
 

Relationship between detection time and bacterial 
count in 3 Listeria species:  The relationship between 
detection time and bacterial count is shown in Fig 2. Of 
the multiple strains examined for a single species, the 
multiple correlation coefficient (r2) was 0.801 for L. 
monocytogenes (4 strains; Fig 2a), 0.9943 for L. innocua (2 

strains; Fig 2b), and 0.9555 for L. welshimeri (2 strains; 
Fig. 2c), showing a high coefficient of determination for 
multiple strains. 
 
Recovery examination of food inoculated with L. 

monocytogenes: The results for the recovery 
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examination of food inoculated with L. monocytogenes 
JCM 7674 are shown in Table 4. All 15 samples 
inoculated with a low concentration (1–2 log cfu/ml) 
of L. monocytogenes and 11 of the 15 samples inoculated 
with an ultra-low concentration (<1 log cfu/ml) of L. 
monocytogenes were positive in all 5 examinations. 
However, 1 of 5 examinations of 2 samples (ground 
pork sample no. 5 and king salmon sample no. 8) and 
2 of 5 examinations of 2 samples (bigeye tuna sample 
no. 9 and giant tiger prawn sample no. 10) were 
negative. A ground pork sample that was naturally 
contaminated with L. welshimeri (50 cfu/g) was 
positive. The detection time for the positive samples 
inoculated with Listeria was 851–1,735 min (average 
18.3 h for 75 positive examinations) for the low-
concentration samples and 1,052–1,870 min (average 
21.9 h for 68 positive examinations) for the ultra-low 
concentration samples. 

Discussion 

Listeriosis is a serious infection usually 
caused by eating food contaminated with L. 
monocytogenes, and the disease is an important public 
health problem worldwide (Schmid et al, 2005; Tasara 
and Stephan, 2006; Mclauchlin and Rees, 2011; 
Allerberger and Huhulescu, 2015). Now a day 16 
Listeria species are listed, but most important species is 
L. monocytogenes. Many countries, in addition to the 
Codex Alimentarius, have designated regulations for 
the safe levels of L. monocytogenes in ready-to-eat food 
and/or natural cheese.  

We developed a method for quantitatively 
detecting 3 species Listeria including L. monocytogenes 
in food using the DOX system. This system could 
detect all low-concentration (10 cfu/ml) Listeria 
samples, and could not detect any of the medium-
concentration (103 cfu/ml) non-Listeria samples 
examined in this study. The relationship between 
detection time and bacterial count of the 3 Listeria 
species showed a good linear calibration curve. In 
addition, we could detect inoculated ultra-low 
concentration (less than 1 log cfu/ml) Listeria samples. 
The principle of the DOX system is the detection of 
oxygen dissolved in samples and detecting solution. In 
this study, many samples were diluted 10-fold in PSS, 
but the masu salmon sample needed to be diluted 30-
fold. Ambati et al.(2014) showed that astaxanthin 
consumes dissolved oxygen. Usually fishes and 
crustaceans have a high concentration of astaxanthin; 
however we could detect Listeria in fish and crustacean 
samples such as king salmon, bigeye tuna, and giant 
tiger prawn. Preliminary examinations are needed 
before using the DOX system method for fish and 
crustacean samples. 

On the basis of the results of the present 
laboratory analysis, the DOX system provides rapid 
results (usually within 1 day) and requires no special 
techniques for measurement. When the DOX system 
gave a positive result, we could isolate Listeria on 
conventional Listeria isolation agars by using the 
reagents in the DOX cassette. The DOX system may be 
a useful tool for proving the absence of Listeria spp. in 
food and environmental samples at food processing 
companies, although further consideration about a 

validation study between the DOX system and the 
many available official methods such as the Ministry of 
Health, Labor and Welfare, Japan, ISO, and Codex 
Alimentarius is needed. 
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บทคัดย่อ 

 

การตรวจหาปริมาณเช้ือลิสทีเรียโดยใช้ระบบ Bio-Theta DOXTM 

 

Shouichi Tanno1  Naoki Fukui1  Yukihiro Utaka1  Saburo Ohkawa2  Yukio Morita2   Sumalee Boonmar2* 
  

ได้มีการพัฒนาวิธีตรวจหาปริมาณของเชื้อลิสทีเรียในอาหารโดยใช้ระบบ  DOX TM . ระบบน้ีสามารถตรวจหาปริมาณต่าสุดคือ 10 
cfu/ml ของเชื้อลิสทีเรีย 3 สปิชีส ์คือ Listeria monocytogenes Listeria innocua Listeria welshimeri และไม่สามารถตรวจพบปริมาณ
ระดับกลาง 103 cfu/ml ของเชื้อทีไม่ใช่ลิสทีเรียจ่านวน 29 ตัว ความสัมพันธุ์ของเวลาทีใช้ในการตรวจพบและจ่านวนแบคทีเรียของเชื้อท้ัง
สามสปีชีส์เป็น สัดส่วนทีดีคือ เป็น linear calibration curve. เมือทดลองใส่เชื้อ L. monocytogenes ลงในอาหารต่างๆ จ่านวน 15 
ตัวอย่าง และท่าการทดลองตัวอย่างละ 5 ครั้ง พบว่าสามารถตรวจหาเชื้อ L. monocytogenes ได้ในตัวอย่างอาหารจ่านวน 68 ตัวอย่างจาก 
75 ตัวอย่าง ทีใส่เชื้อในปริมาณต่ามากคือ < 1 log cfu/ml และใช้เวลาในการตรวจพบระหว่าง 1,052-1,870 นาที (เฉลี่ย 21.9 ชั่วโมง). 
ระบบ DOX TM น้ีใช้เวลาเพียง 1 วันในการรู้ผลและไม่ต้องอาศัยเครืองมือพิเศษอะไร . ระบบน้ีเป็นเครืองมือในการหาเชื้อลิสทีรียในตัวอย่าง
อาหารและตัวอย่างสิงแวดล้อมในขั้นตอนของการผลิตอาหารอย่างไรก็ดียังคงต้องท่าการศึกษาต่อไปในภาคสนาม 
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