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Fig. 21

Days of fermentation

Effect of nitrite on the microfloral change during
fermentation of pickling cabbages at 20 C
® : Gram negative bacteria B : Enterococcus
@ : Leuconostoc A - Pediococcus
W : Lactobacillus
_ :NO,-N concentration( xg/ml)
(A) : Control (ideal fermentation)

(B) :NO, added (NaNO,was added to the brine at

50 pxg/mlof NO,-N inthe brine
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Viable cell counts ( log. cfu/ml )
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Viable cell counts ( log. cfu/ ml )
Viable cell counts ( log. cfu/ ml)

0 : , 30
Time ( days ) Time ( days )

Fig. 22 Effect of nitrite on the viable counts of bacteria

isolated from fermented pickles at pH 5.0 at 30C

U :NO,-N 0 xg/mi A NO,-N 20 pxg/ml
®  NO,-N 5 pg/ml [1: NO,-N 50 pg/mi
A NO,-N 10 xg/ml B: NO,-N 100 xg/ml
Mc. : Micrococcus varians M-4

Ps. : Pseudomonas fluorescens P-24

En. : Enterobacter aerogenes E-2

KIl. : Klebsiella pneumoniae E-8

T
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Fig. 23 Effect of nitrite on the viable counts of bacteria

isolated from fermented pickles at pH4.0 at 30C

O :NO,-N Oug/ml 4&: NO,-N 20 xg/ml
A :NO,N 10 xg/ml []: NO,-N 50 xg/ml
En. : Enterococcus faecalis ML-8

Leu. : Leuconostoc mesenteroides L-11

Pd . : Pediococcus pentosaceus ML-4

Lac. : Lactobacillus plantarum L-4
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Effects of the number of E.aerogenes and nitrite

concentration on the growth of Leuc. mesenteroides at 30C

O : Leuconostoc mesenteroides L-11
@ : Enterobacter aerogenes E-2

M pH
(A) :NO,-N 0 pg/ml
(B) : NO,-N 100 xg/ml
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Fig. 256 Effects of the number of E.aerogenes and nitrite
concentration on the growth of Lact. plantarum at 30C
O : Lactobacillus plantarum L-4
@ : Enterobacter aerogenes E-2
W pH
(A) : NO,-N 0 pg/ml

(B) : NO,-N 100 xg/ml
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Table 23 Effects of temperature on the nitrite accumulation
by nitrite producing bacteria

& 1@

J-q')

Ardys gy b

i

18 [ S

Growth (O.D. a

t 660nm) Nitrite (NO,-N pg/ml)

Strains 5 10 20

o

30 40C

10 20

30

40C

Ps, fluorescens P-24 0.02 0.06 0.27
Ps. fluorescens P-40 0.04 0.06 0.27
E. aerogenes E-2 0.02 0.03 0.27
E. cloacae E-4 0.02 0.04 0.33
K. pneumoniae E-8 0.02 0.02 0.24

0.21 0.02
0.30 0.02

0.41 0.35
0.41 0.3

0
0

0.32 0.30 0 0 464
0 0 586
0

25 645
22 398

0 571

0
0

691
803

1290

Growth and nitrite concentration were measured

after 24h of incubation
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Table 24 Effects of NaCl on the nitrite accumulation
by nitrite producing bacteria

Growth (O.D. at 660nm) Nitrite (NO,-N gg/ml)

Strains 0 1 2 4 6 0 1 2 4  6NaCl%

Ps. fluorescens P-24 0.20 0.16 0.07 0.01 0.00 463 181 15 0O O
Ps. fluorescens P-40 0.23 0.22 0.11 0.01 0.00 452 326 122 12 O
E. aerogenes E-2 0.26 0.25 0.24 0.08 0.04 734 7385 769 389 92
E. cloacae E-4 0.35 0.35 0.37 0.23 0.05 846 982 980 656 74
K. pneumoniae E-8 0.33 0.35 0.35 0.28 0.05 786 823 859 622 12

Growth and nitrite concentration were measured after 24h of incubation at 30C

-

S~ TE L pE
¥ = +m {5 F:z_ !

]
i
2
(i
Sl
i
I_:‘ ol
BF
e
4
o

=i
T:r"

W

sqjm
WA
i

S e . & > . e Pt a = = = g =
N ER%®2Fig. 268 X UFig. 27ICF e N9

NOBERIEBVLWT O RBRENFP LA TAHALELRVEREERZ

MBS s EFEDLAE, EEOEE YA E
REFig. 284 F L&xe Ps.fluorescens P-24, P-4
0D VT HOEKRDIDEBEBEH»PS 5 20 #EFENK
XS HICET L7, -H . Enterobacter aerogene
s B2 Enterobacter cloactae E-4 8 OFK,paei

—_— Lel A L s ¥ ] -} - ¢
moniae E -8 DERZREMIIPs. fluorescens P-24







800

Nitrite accumulation (pg/ml)

0 10 20 30 40
Temperature ( °C )

Fig. 26 Effects of temperature on the nitrate reductase

activity of bacteria isolated from fermented pickles

Reaction mixture contained 0.05M NaNO, 0.05M Na-Succinate,
0.1M Phosphate buffer (pH 7.1), cell suspension and 50 x g/ml
of tetracycline.

Nitrite accumulation was measured after reaction for 4hr.

E-2 : Enterobacter aerogenes E-2

E-4 : Enterobacter cloacae E-4

E-8 : Klebsiella pneumoniae E-8
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Fig. 27 Effects of temperature on the nitrate reductase

activity of bacteria isolated from fermented pickles

Reaction mixture contained 0.05M NaNO, 0.05M Na-Succinate,
0.1M Phosphate buffer (pH 7.1), cell suspension and 50 x g/ml
of tetracycline.

Nitrite accumulation was measured after reaction for 4hr.

P-24 : Pseudomonas fluorescens P-24

P-40 : Pseudomonas fluorescens P-40
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Fig. 28 Effects of NaCl on the nitrate reductase activity

of bacteria isolated from fermented pickles

Reaction mixture contained 0.05M NaNO, 0.05M Na-Succinate,
0.1M Phosphate buffer (pH 7.1), cell suspension and 50 ¢ g/ml
of tetracycline.

Nitrite accumulation was measured after reaction at 30°C for
30min.

P-24 . Pseudomonas fluorescens P-24

P-40 : Pseudomonas fluorescens P-40

E-2 . Enterobacter aerogenes E-2

E-4 : Enterobacter cloacae E-4

E-8 : Klebsiella pneumoniae E-8
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Fig. 29 Effects of pH on the nitrate reductase activity

of bacteria isolated from fermented pickles

Reaction mixture contained 0.05M NaNO,, 0.05M Na-Succinate
buffer and cell suspension .

Nitrite accumulation was measured after reaction at 30°C for
30min.

P-24 : Pseudomonas fluorescens P-24

P-40 : Pseudomonas fluorescens P-40

E-2 : Enterobacter aerogenes E-2

E-4 : Enterobacter cloacae E-4

E-8 : Klebsiella pneumoniae E-8
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Table 25 Effects of various organic acids on the nitrate

reductase activity
NO,-N ug/ml/day
Organic acids P-24 P-40 E-2 E-4 E-8
Formic acid 009 010  2.88 0 0
Propionic acid 0.14 032 0.04 0.04 0.11
Acetic acid 0.11 0.20 0 2.89 1.66
Fumaric acid 0.53 0.19 2.40 2ty 2.85
Succinic acid 0.36 0.24 2.26 2.73 3.00
Malic acid 0.78 1.37 2.53 2.79 2.41
Citric acid 0.05 0.03 0.01 0 0
Tartaric acid 0.04 0.01 0 0 0
Lactic acid 1.80 G578 2.62 2.67 (S

Reaction mixture contained 0.1% of acid -Na salt, 0.05M NaNQ,,
0.1M phosphate buffer (pH 7.1), cell suspension and 50 x g/ml of
tetracycline. Nitrite accumulation was measured after reaction

at 20 T for 24 hrs.

P-24 : Ps. fluorescens P-24
E- 2: Ent aerogenes E-2
E- 8: K. pneumoniae E-8

P-40 : Ps. fluorescens P-40
E- 4: Ent cloacae E-4
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Table 26 Effects of various sugars on the nitrate reductase activity

NO,-N ug/ml/day

Sugars P-24* P-40* E-2** [E-4%% E-8**
_Glucdse 0.25 0.56 1300 3257 31.5]
Fructose 0.74 0.93 4.02 7.91 19.01
Sucrose 0.20 0.69 0.44 3.54 0.80
Xylose 0.18 0.50° 007 022 0.59
Maltose 0.22 0.40 1.44 1.69 0.68
*: Measured after 6hrs **: Measured after 4 hr.

Reaction mixture contained 0.1% of acid -Na salt, 0.05M NaNQO,,
0.1M phosphate buffer (pH 7.1), cell suspension and 50 i g/ml of
tetracycline. Nitrite accumulation was measured after reaction

at 20 C for 24 hrs.

P-24 : Ps. fluorescens P-24 P-40 : Ps. fluorescens P-40

E- 2: Ent. aerogenes E-2 E- 4: Ent cloacae E-4

E- 8: K. pneumoniae E-8
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Survival cell counts (log. cfu/ ml)
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Fig. 30 Effects of various heating temperatures

on the viability of bacteria on turnips

The turnips were heated in sterile water and each bacteria were

enumerated on the PEA and CVT medium.

O : Gram positives

@ : Gram negatives

Heating time(min)
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Table 27 Thermal death of various bacteria after moderate

heat treatment

Strain

Unheated

45%C

Viable cell count_s_(rcf_uiml)

Ps. fluorescens P-24
Flavobacterium sp. F-4
Ent. aeroaenes E-2
Kl. boneumoniae E-8
Mic. varians M-4
Leuc. mesenteroides L-11
Str. faecalis ML-8
Str. faecium ML-12
Ped. pentosaceus ML-4
Lact. blantarum L-4

4.8%10°
6.3X10°
6.2%10°
5.4%x10°
1.2 107
8.1%10°
5.8x10°
5.3%X10°
5.0x10°
5.1%10°

2.7%X10°
4.7%10°
6.0x10°
5.4x10°
1.2%10°
8.0x10°
5.6x10°
5.3%X10°
5AX10
5.2X10°

2.1 %108
5.1x10°
2.0x10°
1.1x10*
S 4x10°
8.4x10*
7.2%10°
6.5x10*
4.8%x10°

_Celis grown in nutrient broth were washed, resuspended and heated in
phosphate buffer (pH6.8) for 15 min
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Table 28 Leakage of 260 nm absorbing materials, orcinol reactive
materials and carbohydrate from heated cells
= : 260nm absorbing  Orcinol positive Carbohydrate
materials materials
Strain 45 50C 45C 50°C 45°C 50%C
Ps. fluorescens P-24 0.56 0.58 15.8 153 14.0 12.3
Flavobacterium sp. F-4 109 107 230 235 254 30.0
Ent. aerogenes E-2 0.27 0.42 2.8 5.9 6.5 14.6
Kl. pneumoniae E-8 0.41 0.41 3.7 34 3.2 b2
Mic. varians M-4 0.04 0.05 0.0 0.0 0.0 0.0
Leuc. mesenteroides L-11 0.02 0.02 0.0 0.0 34 3.4
Str. faecalis ML-8 0.03 0.03 2.0 00 3.0 2.2
Str. faecium ML-12 0.04 0.04 0.0 00 35 34
Ped. pentosaceus ML-4 0.05 0.07 0.0 Q0 50 6.2
Lact. plantarum L-4 0.06 0.0

0.08

0.0

50 6.2

Cells grown in nutrient broth were washed, resuspended and heated
in phosphate buffer (pH6.8) for 30 min.

260nm absorbing materials : OD at 260 nm
Qrcinol reaction positive materials: as RNA xg/ml

Carbohydrate: as glucose ug/ml




o

e

bt

1+
Vo

y A
N bE
= N s

'RNA D

=T




~
1

.-’
=

e

O.R.posilive malerials(as RNA pg/ml)

O.R.posilive materials(as RNA pg/mil)
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Leakage of 260nm absorbing materials and orcinol

260nm absorbing materials(0.D.)
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O.R.positive malerials(as ANA pg/mi)

0.R . posilive matenals(as RNA pg/ml)
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reactive materials from heated suspension cells of

o]

260nm absorbing matenals(0.D.)

260nm absorbing materials(0.D.)

various Gram negative bacteria in phosonate buffer

(pH6.8) at 50C
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Fig. 32 Leakage of 260nm absorbing materials and orcinol
reactive materials from heated suspension cells of
various Gram - positive bacteria in phosphate buffer
(pH6.8) at 50C
@ : 260nm absorbing materials

O : Orcinol reaction positive materials (as RNA)

: Leuconostoc mesenteroides L-11

: Enterococcus faecalis ML-8

: Pediococcus pentosaceus ML-4

2 G 0 F

: Lactobacillus plantarum L-4
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260nm absorbing materals(0.D.)
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Fig. 33 Loss of NaCl tolerance of cells of various

strains heated at 45C
Cells were grown in nutrient broth, washed, resuspended
and heated in sterile water. Samples were removed

periodically and plated on PCA media containing 0, 2, 3, 4%
of NaCl.

O i NaCl free @® : 2% NaCl
[]:8% NaCl M : 4% NaCl
A : Micrococcus luteus M-3

B : Lactebacillus plantarum L-4

C : Enterobacter aerogenes E-2

D : Klebsiella pneumoniae E-8
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Chages of bacteria and nitrite of pickling turnips

treated with mild heating (50°C) during fermentation

at 20C
O : Gram - positive bacteria, control
@® : Gram - positive bacteria, heated
] : Gram - negative bacteria, control
M : Gram - negative bacteria, heaied
A @ Nitrite, control

A : Nitrite, heated
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