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Enumeration of Nitrate-Reducing Bacteria in Vegetables
Used for Pickles by SAN (Sulfanilamide-Nitrate) Agar
Overlay Method

Shigeo MIYAO

Summary

For the enumeration or determination of nitrate-reducing bacteria in vegetables used for
pickles easily, the use of SAN (Sulfanilamide-nitrate) agar overlay and replica methods was studied.
As comparison of SAN agar overlay and conventional test tube method for the nitrate reduction
test against 17 stock cultures was carried out, it was found that the results obtained by SAN agar
overlay method were in good agreement with the results by test tube method as usual. Nitrate-
reducing bacteria in cabbages, chinese cabbages, cucumbers and turnips used for pickles were
enumerated and isolated by SAN agar overlay method. Number of nitrate-reducing bacteria
reached 10° ~ 10%/g and the ratio of cell counts of Gram-positive and nitrate-reducing bacteria
in those of total Gram-positive bacteria in each vegetables were 1/100~1/10, whereras the ratio
of cell counts of Gram negative nitrate-reducing bacteria in those of total Gram-negative bacteria
were about 1/2. Bacillus, Micrococceus, Staphylococcus, coryneforms, Pseudomonas, Enterobacter
and Klebsiella were isolated from cabbages and chinese cabbages as nitrate-reducing bacteria.
Especially, Bacillus and Micrococcus in the Gram-positive nitrate-reducing bacteria, Pseudomonas
and Enterobacter in the Gram-negative ones were dominant respectively.
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SAN Agar* (overlay agar)
)

Dissolving in the hot water bath
}
Adjusting pH to 6.8
!
Cooling to lukewarm
!
Overlaying on the medium
i

Incubation for about 15min. at 30°C
i

Pouring NEDA** solution
!

Enumerating the red turning colony

Fig. 1 SAN Agar overlay method for the enumeration
of nitrate reducing bacteria
*: Sulfanilamide-Nitrate Agar
**: N-1-Naphthylethylenediamine dihydrochloride

Table 1 Composition of SAN Agar and NEDA solution for the SAN Agar
overlay method

SAN Agar NEDA solution
Glucose 05 g NEDA* 0.1 g
KNO,; 10 g 2N HCI 100 mi
Sulfanilamide 02 g
Agar 20¢
Water 100 mi

*: N-1-Naphthylethylenediamine dihydrochloride
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Table 2 Comparison of SAN Agar overlay method and test tube method

for the nitrate reducing test against named strains

Strains Overlay Test tube*
Micrococcus luteus ATCC 9341 - +
Micrococcus varians GP-1 + +
Coryneform bacteria GP-4 + +
Staphylococcus aureus 209JC1 + +
Arthrobacter sp. GP-7 - -
Bacillus subtilis ATCC 6633 + +
Leuconostoc mesenteroides ATCC 9135 - -
Lactobacillus plantarum ATCC 8014 — -
Pseudomonas fluorescens C-24 + +
Pseudomonas sp. T096 — +W
Pseudomonas sp. TO45 + +
Enterobacter aerogenes ATCC 13048 + +
Enterobacrer aerogenes E-1 + +
Klebsiella pneumoniae PCI 602 + +
Escherichia coli ATCC 3301 + +
Erwinia carotovora IFO 3380 + +
Flavobacterium lutescens IFO 3084 + +

+: Nitrate reducing positive

w: Nitrate reducing weakly positive

—: Nitrate reducing negative

*: Put a few drops of 2% sulfanilamide/85% phosphoric acid and
0.5% NEDA solution in each broth culture to be tested.
A distinct pink or red in the broth indicates the presence of nitrite
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Table 3 Comparison of SAN Agar overluy method and test tube method* for the nitrate reducing

test against the bacteria isolated from the cabbages and turnips

Nitrate reducing test Number of bacteria
Overlay Test tube Cabbage Cabbage  Cabbage Turnip Turnip Total

+ + 10 19 5 3 12 49
(19.6%)

— — 40 31 39 46 36 192
(76.2%)

+ - 0 0 0 0 0 0
( 0.0%)

— + 0 0 6 1 2 9
( 3.6%)

Totul 50 50 50 50 50 250
(100.0%)

+: Nitrate reducing positive — . Nitrate reducing negative * . See Table 2

Table 4 Number of nitrate reducing bacteria in cabbuge, chinese cabbage, cucumber and turnip

Cabbage Chinese Cucumber Turnip
cabbage

Total cell counts* 1 4.9%10° 8.9x10° 7.6x10¢ 8.0x10°
(NO, reducing bacteria) (2.2x10%) (1.2x10%) (6.7x10%) (1.7x10%)

Gram positives counts*2 2.5x107 4.0%10% 4.0x]0° 3.2x10%
(NOj reducing bacteria) (3.0x10%) (8.0x10%) (2.1x10%) (4.3x10*%)

Gram negatives counts*3 7.6x10° 6.2x10° 1.3x10° 1.2x10%
(NO; reducing bacteriu) (3.9%10%) (4.8x10%) (4.0x10%) (5.9>10%)

*1: Plate-counted on the PCA agar
*2: Plate-counted on the PCA agar conlaining 0.25% f-phenylethylalcohol
#3: Plate-counted on the CVT agar

Table 5 Microllora of nitrate reducing bacteria in cabbage and chinese cabbage

Vegetables Genera ~ Number of nitrate reducing bacteria

Micrococcus 45
Bacillus 3

Chinese cabbage Pseudomonas 38
Alcaligenes
Enterobacter ' 10
Klebsiella 2
Micracoccus 6
Staphylococcus 1

Cabbage Bacillus 10
Pseudomonas 12
Alcaligenes 2
Enterobacter 24
Klcbsiella 2
Envinia ’ 1
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