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Abstract
To know the relation between NaCl concentration and hydrogen sulfide (H2S) production by MY
Phenomenon of Salmonella, we developed a method to control H2S production by Salmonella in
this study. Desoxycholate-hydrogen sulfide-lactose (DHL) agar was used as the selective medium
for Salmonella. Triple sugar iron (TSI) agar was used as the screening medium. Citric acid disks
were placed on DHL agar. NaCl was added to both media. After 24 hours incubation, H2S production on DHL agar was stimulated by citric acid, whereas production was suppressed by adding
NaCl. The color change in the bottom of the TSI medium was due to the low production of black FeS.
The production of FeS was reduced by lower H2S production by Salmonella with an increasing
concentration of NaCl from 0.5% to 3%. The inhibition of the black color meant that the color
change due to glucose fermentation could be seen clearly in the bottom of the agar. The current
method cannot detect glucose fermentation but the addition of more NaCl to the TSI medium allowed the visualization of glucose fermentation by Salmonella. Although H2S production of salmonella was promoted by citrate etc., being controlled by sodium chloride was proved in this study.
Thus, we had developed a possibility of novel technique for the detection of Salmonella etc.
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1. Introduction

Nontyphoidal Salmonella is a bacterial infection that can be harmful to the intestines. These infections are zoonotic in origin and can be transferred between humans and animals [1]. Salmonella is one of the most commonly
detected bacteria in retail meats and food animals, and it ranks second among bacteria-associated human infections, causing an estimated 2500 annual cases in Japan [2]. Infections usually occur as a result of the foods that
Salmonella have multiplied in, which are highly concentrated in a form similar to a culture medium [3]. Most
people infected with Salmonella develop diarrhea, fever, vomiting, and abdominal cramps 12 - 72 h after infection [4]. A definitive diagnosis usually requires bacterial isolation and identification using various techniques.
PCR tests have also been used to distinguish bacterial strains recently [5] [6]. However, traditional methods are
generally used [7]. Traditional methods for the diagnosis of Salmonella strains include culture on selective media, which is followed by biochemical and serological identification tests. These approaches have been used
successfully in clinical diagnostic laboratories and epidemiological surveillance [8]. Organisms that produce
hydrogen sulfide (H2S) via the reduction of thiosulfate are easily detected. H2S reacts with iron in the medium to
produce iron sulfide (FeS) as a black precipitate. Citrus fruits and their extracts affect the production of H2S by
Salmonella and this facilitated our development of a simple new method for detecting Salmonella [9]. Salmonella forms a black ring due to the production of H2S on desoxycholate-hydrogen sulfide-lactose (DHL) agar,
where the selective medium was put with citrus fruits and their extracts. We referred to this phenomenon as the
“Midorikawa Yutaka (MY) Phenomenon” and the black ring was designated as the MIDO Ring [10]. In the
current study, we found that NaCl could control H2S production by Salmonella. We used triple sugar iron (TSI)
agar to determine whether bacteria could ferment glucose and/or lactose and whether they produced H2S or
other gases. If an organism can ferment glucose, it is designated as “glucose positive.” If it can ferment lactose,
it is designated as “lactose positive.” The TSI medium also tests for the ability to ferment sucrose. These characteristics can help to distinguish various Enterobacteriacae including Salmonella and Shigella, which are intestinal pathogens [11]. TSI medium contained three sugars: glucose, lactose, and sucrose. Lactose and sucrose are
present at 10 times the concentration of glucose (1.0% versus 0.1%). Ferrous sulfate, phenol red (a pH indicator,
which is yellow below pH 6.8 and red above it), and nutrient agar were also present. The slant tube was inoculated by stabbing into the agar bottom (bottom of the tube) using an inoculating wire and streaking the slant in a
wavy pattern. The results were read after 18 - 24 h of incubation. If an organism only fermented glucose, the entire tube turns yellow due to the effect of the acid produced on phenol red. The tube contains a minimal amount
of glucose in so the organism quickly exhausts it and begins oxidizing amino acids for energy. Thus, ammonia is
produced and the pH is increased. Within 24 h, the phenol red indicator reverted to its original red color in the
slant. The TSI medium was poured as a deep slant so the bottom had limited oxygen supply and the bacteria
were unable to oxidize amino acids in that region. Thus, the bottom remained yellow. Therefore, a TSI slant
medium containing Salmonella should turn red, whereas the bottom of the slant should turn yellow. If H2S is
produced, it reacts with ferrous sulfate (III) and a black precipitate of ferric sulfide FeS (II) is formed in the bottom of the tube. Organism that produces large amounts of H2S (e.g., Salmonella and Proteus) as a black precipitate may mask the yellow (acid) color in the bottom of the tube, thus making use of TSI agar to detect Salmonella problematic. In this study, we developed a method to overcome this problem.

2. Materials and Methods
2.1. Bacteria and Reagents
Eight bacterial strains of nontyphoidal Salmonella (Salmonella enterica subsp. enterica serovar Derby, London,
Anatum, Rissen, Hvittingfoss, Brunei, Kedouguou, Potengi) isolated from markets or hospitals in Lao P.D.R. in
Southeast Asiawas used in this experiment [12]. The serotype was designated according to the KauffmannWhite scheme. DHL agar and TSI agar (Eiken Kagaku, Japan) were used as the basal media for Salmonella culture. A serotype Typhi was also used. Citric acid and NaCl (Nakalai Tesque, Japan) were added to the basal media.

2.2. Formation of an MIDO Ring in DHL Agar
The Salmonella strain was pre-cultured for 24 h on DHL agar or TSI agar. The bacteria were sampled from the
surfaces of these culture media using a swab. The swab was used to inoculate the surface of the DHL medium.
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Two separate agar plates were prepared in Petri dishes. One medium did not include NaCl whereas the other
medium contained 2% NaCl solution. A circular filter paper (Advantec Toyo, Japan) measuring 10 mm that
contained 20 mg citrate acid was placed in the center of each DHL agar plate. After 24 h incubation, MIDO
Ring formation by Salmonella was observed visually.

2.3. Effect of Adding NaCl to TSI Medium on H2S Production by Salmonella
The Salmonella strains were inoculated onto TSI agar, which already contained 0.5% NaCl. The NaCl content
was increased gradually from 0.5% by adding NaCl, i.e., agars containing 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%,
3.5%, 4.0%, 4.5%, 5.0%, 5.5% or 6.0% (wt/vol) were produced, as appropriate. The total number of TSI agar
tubes was 12. Next the Salmonella strains were inoculated into each TSI tube, which was incubated at 37˚C for
24 h. We observed changes in the color of the TSI medium, H2S production, and the growth of Salmonella. The
survivals of Salmonella were tested by inoculating another TSI agar for comparison.

3. Results
3.1. Effect of NaCl on Mido Ring Formation DHL without NaCl
Salmonella produced H2S and the iron (III) in the DHL medium was reduced by the H2S. The reduced iron (II)
formed a black ring (MIDO Ring) on the surface of the agar. Citric acid stimulated H2S of Salmonella. Thus, the
MY phenomenon was observed in the DHL medium. The same results were obtained with all the serum types of
non typhoid Salmonella used in this study. However, the serotype Typhi strain did not form the ring (Table 1).

3.2. DHL Agar Containing 2% NaCl
Salmonella was cultured and a black ring was not produced in the agar containing 2% NaCl. Thus, the MY
phenomenon did not occur in the presence of NaCl (Figure 1). H2S production of salmonella was controlled by
increasing the NaCl concentration of medium. The same results were obtained with all the serum types of Salmonella used in this study.

3.3. Effect of NaCl Addition to TSI Agar on H2S Production by Salmonella
With 0.5% - 2.5% NaCl in the TSI medium, the H2S production by Salmonella was no change (Figure 2). H2S
production was suppressed with 3% NaCl. The black portion decreased in size with the increase in the NaCl
concentration. It was possible to see the color change in the bottom of the TSI test tube because the black porTable 1. Formation of MIDO Ring on DHL Medium by Salmonella Sero type Derby, London, Anatum, Rissen,
Hvittingfoss, Brunei, Kedouguou, Potengi, Typhi.
NaCl
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×
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•Formatiion of Mido ring; ×None formation of Mido ring.

Figure 1. The plate on the left is DHL agar without NaCl. The
plate on the right is DHL agar with 2% NaCl.
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tion was smaller. The black portion was absent from the lower part of the TSI agar test tube when the NaCl
concentration was 4.5%. Thus, Salmonella grew at this concentration but without H2S production. However,
H2S production and the growth of Salmonella were totally inhibited when the NaCl concentration was 6% (Table 2). Same result in all of non typoid Salmonella in this experiment was obtained.

4. Discussion
The identification of non-typhoidal Salmonella based onhydrogen sulfide (H2S) production is one of important
methods. Salmonella strains that lack H2S production are rarely isolated. Laboratory technicians must be aware
of how to control H2S production. Rapid tests such as the polymerase chain reaction (PCR) can be used to detect
the genetic material of bacteria, but PCR is not sufficiently sensitive to detect organisms in feces [13]. “Positive
by PCR” means only “It was detected as a gene”. For example, though the gene for toxin was isolated, bacterial
toxins and it have not been detected.
The definitive diagnosis of Salmonella infections is based on the culture of the organisms isolated from a patient or occasionally from an infection source (e.g., food or water). In most cases, the samples are cultured on
agar media that are selective for Salmonella spp. DHL agar is one of best-known media used for selecting Salmonella.
Salmonella detection in stools using conventional media such as DHL is based on lactose fermentation and
H2S production. The number of false positive results with these media necessitates time-consuming and expensive additional testing. Thus, the Mido Ring produced by the MY phenomenon was developed to ensure greater
specificity during the isolation of Salmonella.
The formation of a MIDO Ring on DHL medium is due to H2S production by Salmonella in the presence of
citric acid. The iron citrate in DHL medium is reduced to FeS by H2S and the color changes from red to black.
However, the MIDO Ring was not formed in DHL medium containing 2% NaCl, which showed that the MY
phenomenon was absent with higher NaCl concentrations. Clearly, NaCl prevented H2S production by Salmonella. In DHL medium, the 2% NaCl solution was the point where Salmonella growth was possible whereas H2S
production was prevented.
In the TSI medium, however, FeS formation due to H2S production started to be suppressed with 3% NaCl
and H2S production was totally absent with 4.5% NaCl. This showed that additional NaCl suppressed H2S production by Salmonella in the medium. However, the growth of Salmonella was possible with 5.5% NaCl, al% NaCl
0.5 1.0 1.5 2.0 2.53.03.5

4.0 4.5 5.0

5.56.0

Figure 2. Changes in H2S production and Salmonella
growth. The concentration of NaCl increased from left
(0.5%) to right (6.0%).
Table 2. Effects of the NaCl concentration on H2S production, etc.
NaCl % in TSI
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Figure 3. TSI agar containing 3% NaCl after
24 h incubation with Salmonella.

though Salmonella growth stopped in the presence of 6% NaCl. Thus, the H2S production was suppressed before
the growth of Salmonella was prevented.
With 3% NaCl, there was less of the black iron sulfide precipitate so the color change could be seen in the
bottom part of the agar (i.e., yellow). Thus, glucose fermentation by Salmonella was detected. The addition of
NaCl allowed the visualization of glucose fermentation by Salmonella. Previously, the color change could not be
distinguished because too much black FeS was produced by H2S.
The bottom part of the TSI medium had a yellow color due to glucose fermentation, but it was usually black
because of H2S production. Thus, the conventional method using 0.5% NaCl prevented the observation of glucose fermentation. However, it is well documented that H2S production in TSI requires an acidic environment so
fermentation is inferred when the butt is black. With 3% NaCl in the TSI, the glucose fermentation due to Salmonella could be seen with the naked eye (Figure 3).
Further studies are required to evaluate the MY phenomenon in many more bacterial species that produce H2S.
However, Genotyping methods have been developed for genetic discrimination of Salmonella isolates in outbreaks [14].
This method could be put to practical use in countries where the risk of Salmonella infections is high [15]
[16].
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