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Abstract: The effect of lemon slices, as well as ascorbic and citric acid impregnated paper discs, on the growth of
ten non-typhoidal Salmonella, six Citrobacter freundii and four Proteus mirabilis species on Desoxycholate Hy-
drogen Sulfide Lactose (DHL) agar were examined in comparison to controls without fruit slices or paper discs ap-
plied. After 24 h incubation, thick black rings were observed around fruit slices and impregnated discs growing on
non-typhoidal Salmonella serovars and not around the other species. We named this the “MY Phenomenon”. We
propose that the phenomenon can be used as a rapid, simple and inexpensive screening test that distinguishes non-
typhoidal Salmonella species from other enterobacteriaceae in stool samples.
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INTRODUCTION

Bacteria of the genus Salmonella contaminate chicken
eggs and other foods and are the main food-poisoning
pathogens globally [1]. The latest data in Japan shows that
Salmonella is the second largest cause of food-poisoning
(first among bacteria) [2]. Outbreaks of Salmonella food-
poisoning still occur even in developed countries like Japan
[3]. In Japan, when Salmonell strain is detected in human
feces, the infected individual is barred by law from employ-
ment in food handling or processing.

In order to screen for Salmonella, stool samples of em-
ployees in the food industry are requested periodically for
culture. However, the clinical laboratories in Japan and
other developed countries rarely detect fecal Salmonella (�
0.1% of samples), [4] because the sanitation system has im-
proved greatly. Since most fecal samples in Japan proved to
be Salmonella negative, a cost effective method for the
screening of Salmonella is needed. In the present study,
bacteria producing hydrogen sulfide (H2S) showed the same
shape on media such as DHL agar for isolation, even when

the species were different. For example, within the Entero-
bacteriaceae, Salmonella, Proteus, and Citrobacter produce
H2S on these culture media by reacting with the iron com-
ponent in the agar and forming black colonies due to the
production of ferrous sulphate [5]. Because the characteris-
tic feature of Salmonella, Proteus and Citrobacter etc. is
the production of H2S, the Salmonella colonies are difficult
to distinguish from those of other species [6,7]. A method
to exclude non-Salmonella strains such as Citrobacter etc.,
that is a rapid high throughput screening method, is needed
[8].

We developed a new method to isolate Salmonella
from many other bacterial strains that produce H2S [9]. In
Japan, the usual method for the identification of Salmonella
involves the initial cultivation of samples in EEM (enterbac-
teriaceae enrichment mannitol) broth and selenite broth me-
dium with subsequent culture on DHL agar (Table 1) or
Salmonella Shigella Sucrose Bromcresol purple (SS-SB)
agar medium [10]. Although non- H2S producing Salmo-
nella such as typhoid Salmonella remain an exception [11],
we describe a new technique in which non-typhoidal Sal-
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monella species can be differentiated from other Enterobac-
teriaceae by applying circular slices of lemon fruits (or cit-
ric or ascorbic acid-impregnated paper discs) to the bacte-
rial cultures on DHL agar.

MATERIALS AND METHODS

Organisms
Non-typhoidal Salmonella serovar Typhimurium

Thompson, Enteritidis, Braenderup, Bredeney, Oranienburg,
Chester, Infantis, Litchfield and Saint-Paul were obtained
from the Health Environment Research Department in Mie
Prefecture, Japan. These had been isolated from Salmo-
nella food-poisoning patients in Mie Prefecture, Japan. The
identification of species and serotype was achieved by
means of current standard methods of identifying Tri Sugar
Iron (TSI, Eiken Kagaku Japan), as well as Lysin Indole
Mobility semisolid agar (LIM Eiken Kagaku Japan) and se-
rology test by serum set (Denka Seiken Japan). Six Citro-
bacter freundii and 4 Proteus mirabilis strains were isolated
from a fresh meat market (Tarasao Markets) in Vientiane,
Lao P.D.R.. These strains were screened using DHL agar
and identified using not only the TSI and LIM medium but
also API20E (bioMerieux, Lyon).

Citrus fruit
Japanese lemons (Citrus limon) were bought in

Yamanaka Super Market in Suzuka, Mie, Japan.

Ascorbic acid and citric acid paper discs
Paper disks 10mm in diameter and 1 mm thickness

(Toyo filter, Japan) were soaked in 100µL of ascorbic acid
(0.89 mol) (Wako, Japan) and 100µL citric acid (1.41 mol
Nakarai Japan) as an artificial citrus extract. Both of these
acids are found in citrus fruits [12].

The effect of the application of lemon and lime slices on
bacterial growth

Bacterial suspensions were adjusted to McFarland Tur-

bidity No. 0.5 in 1-5ml of the sterilized normal saline solu-
tion from the overnight cultured nutrient agar medium
(DIFCO). Sterilized swabs (Eiken, Kizai, Japan) were
soaked in the bacterial suspension and then applied on 85
mm diameter Pertri dishes of DHL agar (Eiken Chemical,
Tokyo, Japan), which contains ferric citrate (1g/L). One
lemon slice (～5mm thick and 5cm in diameter) was ap-
plied on the medium surface over the inoculated bacteria.
Control Petri dishes with bacterial suspensions on the DHL

agar, but without the lemon slice, were also prepared. Con-
trol petri dishes of DHL agar with the lemon slice and with-
out bacterial suspension were also prepared. Ten non-
typhoidal Salmonella serotypes, 6 isolates of Citrobacter
freundii and 4 isolates of Proteus mirabilis were applied us-
ing this technique. Subsequently, the above organisms were
also inoculated on DHL agar, and paper disks impregnated
with ascorbic acid and citric acid were placed tightly over
the center of the agar medium. Control petri dishes of DHL
agar with both acid discs but without bacterial suspensions
were also prepared. After overnight culture, the growth of
bacteria on the DHL agar was observed and examined for
the formation of black rings.

RESULTS

Formation of black rings by Salmonella
After overnight incubation, black rings were observed

on the DHL agar growing Salmonella enterica serovar Ty-
phimurium with lemon applied, but not on those without
lemon or those bacteria-free (Fig.1). Under the lemon, the
color of the culture medium became pink and the Salmo-
nella could not be subcultured. Salmonella could be sub-
cultured from both the black ring and the outside of the
black ring on the DHL agar. All of the (100%) ten different
serotypes of non-typhoidal Salmonella tested formed the
black ring (Fig. 2). Adopting the initials of the first author,
we called this the “Midorikawa Yutaka (MY) Phenomenon”.
However, of the 4 Proteus strains, two did not turn the DHL
agar black, while the other two strains changed the entire
DHL agar between the lemon slice and the edge of the Petri
dish black and did not form a discrete black ring(Fig. 3).
Similarly, none of the 6 Citrobacter strains formed a dis-

crete black ring. Three of them did not change the DHL
agar to color black, and the other 3 strains changed the en-
tire DHL agar between the lemon slice and the edge of the
Petri dish to black. The latter 3 did not form a black ring
(Fig. 3). All of the Citrobacter and Proteus species tested in
the present study showed H2S positive in the result of TSI
medium (Table.2). Therefore, none of the Ctrobactor and
Proteus species (0%) formed the black ring.

Table 1 Formula/Liter of DHL agar. Final pH:
7.2±0.2 at 25°C

Meat extract……………………………………3g
Peptone………………………………………20g
Lactose ………………………………………10g
Sucrose ………………………………………10g
Bile salt No.2 …………………………………1g
Sodium thiosulfate …………………………2.3g
Ferric Citrate …………………………………1g
Sodium Citrate ………………………………1g
Neutral Red ………………………………0.03g
Agar …………………………………………15g
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Figure 3. DHL agar color differences between non-typhoidal
Salmonella, Citrobacter and Proteus cultures
Left: non-typhoidal Salmonella Center: Proteus

mirabilis

Right: Citrobacter freundii.

Figure 1. Salmonella serotype Typhimurium on DHL agar.
Upper Left: control Right: with lemon slice
Lower: With lemon and no bacteria inoculated on the
agar
Left: From the front Right: From the back

Fig 4. Effect of the ascorbic acid (left in dish) and citric acid
(right in dish) on the color change of the growth of Sal-

monella Typhimurium (upper left) and Citrobacter fre-

undii (upper right). Effect of the ascorbic acid (left in
dish) and citric acid (right in dish) on the color change
without bacterial growth (Lower).

Figure 2. Salmonella of different serotypes on DHL agar with
lemon slices.
From left to right:
Top: serotypes Typhimurium, Thompson, Enteritides,
Middle: Braenderup, Bredeney, Oranienburg
Lower: Chester, Infantis, Litchfield and Saint-Paul
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Effect of ascorbic acid and citric acid
Both ascorbic acid and citric acid paper discs produced

an MY phenomenon that exerted an effect on the growth of
Salmonella and Citrobacter similar to that described above
for lemon and Lao limes. Although not observed around
the citrus slices, a 5 mm zone of bacterial clearing formed
around the ascorbic acid and citric acid discs, demonstrating
an anti-bacterial effect [13] (Fig.4 right upper). The clear
black ring was observed in the case of Salmonella, although
also observed in the case of Citrobacter, the black ring was
not clear (Fig.4 upper left). Without bacterial growth, no
black ring or black color was observed on the plate around
the discs. The difference between Salmonella and Citro-
bactor was recognized clearly and macroscopically. All of
the Salmonella (100%) that formed a black ring on DHL
agar showed a lysin positive result. Therefore, the results of
screening using both citrus extracts and current methods
were the same (Tab.2).

DISCUSSION

The results suggested that the formation of a black ring
at the circumference of the lemon slices is a peculiar reac-
tion apparently limited to the non-typhoidal Salmonella
species among the organisms tested. In view of the fact that

citric acid and ascorbic acid are found in the lemon, we
tested disks impregnated with these 2 components instead
of the lemon and obtained the same results. Ascorbic acid
and citric acid, ingredients of citrus fruits, produced a simi-
lar black ring effect around non-typhoidal Salmonella and
in addition inhibited bacterial growth (Fig. 4). Although the
inhibition of bacterial growth has already been reported
[14], the black ring effect of Salmonella was observed for
the first time in the present study. The results using the
discs with citrus extract and showing no Salmonella growth
demonstrated that the MY phenomenon is not an effect of
these additives. Although other chemicals may also be re-
sponsible, these data imply that ascorbic acid and citric acid
are key factors. Salmonella, Proteus and Citrobacter spe-
cies produce H2S in sulfur rich DHL agar that also contain
ferric citrate, as do SS (Salmonella Shigella) agar SS-SB
(Salmonella Shigella Sucrose Bromeresolpurple) agar me-
dium and TSI (Tri sugar Iron) agar [15,16]. Salmonella
species produce H2S from sulfur-containing amino acid
such as sodium thiosulfate and meat extract which are in-
cluded in the DHL medium. This product reacts with ferric
ammonium citrate and produces black ferrous sulfate. With-
out the addition of citrus slices, H2S producing colonies turn
black because of the formation of iron sulfide. With the ad-
dition of lemon, citrus or ascorbic acid, the area around the

Table. 2. Comparison of conventional methods implementing the MY phenomenon
Organism MY Phenomenon Not Clear Ring Result of TSI Medium Result of LIM Medium

The Black Ring Formation But Black to Acid Production Decarboxylase

Lemon Lime Citric Ascorbic dish edge Lac.or Su Glucose H2S Lysine Indole Motality

Salmonella Typhimurium ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Thompson ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Enteritidis ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Braenderup ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Bredeney ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Oranienburg ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Chester ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Infantis ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Litchfield ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Salmonella Saint-Paul ＋ ＋ ＋ ＋ － － ＋ ＋ ＋ － ＋
Citrobactor freundii － － － － ＋ － ＋ ＋ － － ＋
Citrobactor freundii － － － － ＋ － ＋ ＋ － － ＋
Citrobactor freundii － － － － ＋ － ＋ ＋ － － ＋
Citrobactor freundii － － － － － － ＋ ＋ － － ＋
Citrobactor freundii － － － － － － ＋ ＋ － － ＋
Citrobactor freundii － － － － － － ＋ ＋ － － ＋
Proteus mirabilis － － － － ＋ － ＋ ＋ － ＋ ＋
Proteus mirabilis － － － － ＋ － ＋ ＋ － ＋ ＋
Proteus mirabilis － － － － － － ＋ ＋ － ＋ ＋
Proteus mirabilis － － － － － － ＋ ＋ － ＋ ＋

Lac.: Lactose Su:Sucrose
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colonies becomes an intense black. We suggest that the H2S
reacts with the ferric iron that is included in the DHL agar
medium, producing ferrous sulfide under the influence of
sodium thiosulfate included in the DHL medium. Chemi-
cals in the citrus fruit, including ascorbic and citric acids,
form a black band of ferrous sulfide. How this occurs is un-
clear, but Williams and Goodfellow [17] noticed, using pep-
tone iron agar, that the ferric sulfide was unstable in aerobic
conditions. It is possible therefore that the citrus fruits and
acids stabilize the ferric sulfide or form further black sulfide
complexes in the relatively anaerobic conditions beneath.
However, Piacentini et al. [18] demonstrated that H2S pro-
duction decreases as pH falls to less than 5.6. We conclude
that the ascorbic acid, citric acid etc. included in lemon and
other citrus fruits enhanced the production of H2S by Sal-
monella that forms a black ring on the medium. More infor-
mation on the chemistry of the black ring production is re-
quired to explain why some Citrobacter and Proteus spe-
cies produce black discoloration of the entire area around
the fruit slices while non-typhoidal Salmonella form only a
ring. We look forward to the work of a specialist in chemis-
try to elucidate this interesting mechanism.

The present study suggests the possibility that paper
disks impregnated with ascorbic or citric acid may be used
for non-typhoidal Salmonella screening. This study over-
comes the defect of DHL agar, that is, the impossibility to
distinguish Salmonella from other strains that produce H2S.
Thus, TSI and LIM etc. agar are also needed to screen for

Salmonella. The screening by MY phenomenon and the
conventional method using TSI and LIM culture medium
was compared in this study, and the result was the same
(Tab. 2). The screening for Salmonella using TSI and LIM
culture media requires sterilization at a high temperature
and high pressure. Toxic chloroform is required for the in-
dole test in the LIM medium [19]. Chloroform is a toxic
chemical because it produces the harmful gas phosgene. We
prefer not to use instruments that involve high temperature
and pressure. If screening for Salmonella is possible using
ascorbic acid and citric acid discs, the use of TSI and LIM
media may become unnecessary. The fact that only the
relatively inexpensive and available DHL culture medium,
ascorbic acid and citric acid are required is an additional ad-
vantage of this method. These initial results describe a po-
tentially new, inexpensive and simple method of screening
for non-typhoidal Salmonella in stool samples. The method
is cost effective because both ascorbic and citric acid are in-
expensive and therefore may provide the food industry and
hospitals with a technique to easily detect Salmonella in
food and feces. This method may be especially useful in
developing countries in which the risk of Salmonella infec-
tions is high [20]. Recently, new and improved methods

have been developed for the detection of Salmonella [21,
22]. However, methods of detection involving DNA analy-
sis are still too expensive for use in developing countries
[23]. By implementing the MY Phenomenon, inexpensive
and readily available fruit slices or impregnated paper discs
may provide a convenient and simple Salmonella screening
method, especially in developing countries where the risk of
salmonellosis is high and laboratory services inadequate.
We have already carried out field research in Vientiane Lao
P.D.R. A total of 11 Salmonella strains were isolated from
23 fresh meat (chicken, pork and beef) samples collected at
Tarasao, Tonkankan and Tatruan Market in Vientiane Lao.
Also, Salmonella were isolated from 18 out of 63 human
feces samples. At that time we carried out both conven-
tional methods (TSI, LIM medium and Api20) and the MY
Phenomenon method. We repeated this assay many times,
and the same results were obtained between the MY method
and conventional methods in this research [24]. In the fu-
ture, blinded prospective assessments should be conducted
by other researchers using this technique in the diagnosis of
these organisms.
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