Scientific Reports of the Faculty of Agriculture
Okayama University Vol. 85, 45-50 (1996)

45

Lactic Acid and Diacetyl Production of
Nitrosoguanidine Mutants Derived from
Lactobacillus casei 34143 in Soymilk

Taku Miyamoto, Narra Srinivas Reddy® and Kei Kataoka
(Department of Agricultural Products Technology)

Production of acid and diacetyl by nitrosoguanidine mutants of Lactobacillus casei

34143 was evaluated in soymilk. Optimum temperature for growth of five cultures

varied between 34.5 and 35.9°C. However, the temperature required for maximum

production of diacetyl in soymilk in the parent culture was 32.7°C and mutants
such as N-14, N-15 and N-25 required a temperature of 29.6°C, while another
mutant, L-7 required 26.4°C for production of diacetyl. Parent and mutant cul-

tures were deficient in citrate permease and citritase synthetic mechanisms,

although

lactose-utilising mutants (N-25 and S-3-1)

possessed both g-

galactosidase and phospho-3-galactosidase.
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Introduction

Investigations in our laboratory have shown
that a few nitrosoguanidine (NTG) mutants of
Lactobactllus casei subsp. alactosus 34143 acquired
a lactose-fermenting mechanism, while a small
number of mutants became either high acid pro-
ducers or high diacetyl producers?”. This indi-
cates a possible genetic variations among
mutants and differences from the parent culture
in their genetic makeup. The change in the DNA
base sequence must have resulted in differing
synthetic patterns of certain enzymes involved in
lactose fermentation and diacetyl production.
During recent years several investigators have
established the role of plasmids in lactose metab-
olism and diacetyl production?=®,

This study was made to determine the opti-
mum incubation temperature and time for
growth and production of diacetyl and acid by
selected mutants and parent culture in tryptone
yeast extract broth (TY broth) and soymilk. An

investigation was also made to determine their

ability to synthetize citrate permease, citritase,
fB-galactosidase and phospho-g-galactosidase.

Materials and Methods

Source and maintenance of cultures. Lactobacil-
lus caser subsp. alactosus 34143 and its NTG
mutants, namely L-7, N-14, N-15 and lactose-
positive (lac*) mutants N-25 and S-3-1 had been
maintained in this laboratory. They were grown
in TY broth routinely.

Media. The following media were used in this
study.

a) Tryptone yeast extract broth (TY broth)Y.

b) Soymilk was prepared from defatted soy
bean flour as described earlier®.

Effect of incubation tempervature.

a) Cultures were inoculated at 1% level in TY
broth and incubated in temperature gradient
incubator Model TN-3 (Advantec) maintained at
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5-60°C. After 24 hours of incubation, the growth
was measured at 450 nm with Hitachi Model 101
spectrophotometer and expressed as Optical
Density (O. D.).

b) Cultures were inoculated at 1% level in
soymilk and incubated in temperature gradient
incubator. After 24 hours of incubation, the sam-
ples were withdrawn and assessed for acid pro-
duction.

¢) Cultures were inoculated at 19 level in
soymilk and incubated in temperature gradient
incubator for up to 4, 8, 12, 16, 20 and 24 hours
and the fermented soymilk was tested for

diacetyl production.

Effect of incubation time. Mutants and parent
culture were inoculated at 1924 level in soymilk
and incubated at 35C. The fermentation was
terminated at 4, 8, 12, 14, 16, 18, 20 and 24 hours
and the samples were assessed for acid and
diacetyl contents.

Amnalysis. Titratable acidity in soymilk was
determined by titration with 0.1N NaOH. The
Owades and Jakovac method as modified by
Pack et al.® was used for diacetyl estimation. A
standard curve was prepared by using di-
methylglyoxime?.

Isolation of plasmids. Plasmid profile of parent
and mutant cultures was determined as described
by Anderson and McKay®.

Enzymes.

a) Citrate permease production by the parent
culture 34143 and its mutants was determined as
described previously by Harvey and Collins®.

b) Citritase synthesis by the cultures was stud-
ied by following the method of Harvey and
Colling!?.

¢) B-Galactosidase synthesis by lac™ mutants,
N-25 and S-3-1 was determined by following the
method of Citti et al.'V.

d) The method of McKay ef al.'® was used for
determining the synthesis of phospho-g-galacto-
sidase by mutant cultures N-25 and S-3-1.
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Results and Discussions

Effect of incubation temperature on growth of
parent and its mutants is illustrated in Fig. 1. It
was found that the optimum growth temperature
of five cultures varied between 34.5 and 35.97C.
These observations indicate that the mutants do
not differ much in their requirement of optimum
growth temperature from the parent culture
34143. It was also observed that growth of all
cultures occurred at 13'C and also at 48.5C.

Data presented in Table 1 reveal that the par-
ent culture produced the highest amount of
titratable acidity in soymilk at 34.5°C, and the
mutants N-14 and N-15 exhibited the same trend
as their parent in the production of acid in
soymilk. However, the other mutant, namely
N-25, produced more acid in soymilk at 32.8C,
although the growth in TY broth of this culture
was maximum at 34.5°C. These findings indicate
that the growth medium has some influence over
the optimum growth temperature of this culture.

Preliminary work in our laboratory revealed
that parent culture 34143 produces more diacetyl
at 12 hours of incubation, as opposed to 18 hours
incubation for mutant cultures N-14 and L-7 and
24 hours for N-25. The results of this study indi-
cate that the parent culture 34143 produces the
highest amount of diacetyl at 32.7°C and all other
mutants except L-7 require an optimum tempera-
ture of 29.6°C, while mutant culture L-7 requires
26.4C for maximum production of diacetyl in
soymilk (Fig. 2).

Data presented in Table 2 indicate the effect of
incubation time on acid production by the cul-
tures in soymilk. As the incubation period in-
creased, the amount of acid produced by the
parent culture 34143 also increased up to 24 hours
of incubation. However, mutant culture L-7 failed
to produce any considerable amount of acid at
35°C.

Effect of incubation time on diacetyl produc-
tion by the cultures is presented in Table 2. The
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Fig. 1 Effect of temperature on the growth of Lactobacillus casei subsp. alactosus 34143 and its mutants in TY broth.
The growth was measured at 450 nm with spectrophotometer and expressed as optical density.
34143 (C----0), N-25 (0—), N-15(®----9), L-7 (0—@), N-14 (X----X).

Diacetyl (ppm)

Temperature ()

Fig. 2 Effect of temperature on the production of diacetyl by Lactobacilius casei subsp. alactosus 34143 and its
mutants in soymilk.
The diacetyl content was estimated after 18 hours of incubation in case of N-14 and L-7, 14 hours of incubation
in case of 34143 and N-25, and 12 hours of incubation in case of N-15.
34143 (X----x), L-7 (0—0), N-14 (C----C), N-15 (6——9), N-25 (@----0).
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data indicate that 34143 culture produced the
highest amount (1.18 ppm) of diacetyl at 12 hours
of incubation. Like parent culture, mutant culture
N-15 also produced the highest amount of
diacetyl at 12 hours of incubation. The diacetyl
production by mutant culture L-7 progressively
increased with the increase in the period of incu-
bation up to 16 hours, thereafter it showed a
decreasing trend. A lac™ mutant of the parent
culture, N-25 failed to produce significant
amounts of diacetyl when compared to the other
mutants.

Parent and its mutants were deficient in citrate
permease and citritase enzyme synthetic mecha-

Table 1 Effect of incubation temperature on acid
production by parent and mutant cultures of
Lactobacillus casei subsp. alactosus 34143 in
soymilk®

Incubation Titratable acidity (%)

temperature
CC) 34143 N-14 N-15 N-25
15.2 0.01 0.01 0.00 0.00
18.5 0.01 0.01 0.00 0.00
21.7 0.01 0.01 0.02 0.06
25.0 0.04 0.04 0.06 0.11
28.0 0.07 0.05 0.07 0.29
31.3 0.14 0.13 0.22 0.62
345 0.27 0.28 0.28 0.61
37.6 0.10 0.16 0.12 0.50
40.8 0.05 0.00 0.02 0.02
44.8 0.00 0.00 0.00 0.00
48.5 0.00 0.00 0.00 0.00

a) Titratable acidity of fermented soymilk was asses-
sed after 24 hours of incubation.
b) Expressed as percent lactic acid.
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nisms. Earlier studies in our laboratory also in-
dicated that although the parent failed to produce
diacetyl from sodium citrate, it did produce en-
hanced amounts of diacetyl and acetoin when
peptone-yeast extract-glucose broth medium was
supplemented with 0.59 of sodium pyruvate'®.
These observations reveal that both parent and
mutant cultures do not produce diacetyl from
citrate but convert pyruvate into diacetyl.

The lact mutants, namely N-25 and S-3-1, were
able to synthetize both pg-galactosidase and
phospho-g8-galactosidase. Therefore, the initial
steps of lactose utilization by these two mutants
may involve a phosphoenol-pyruvate dependent
phosphotransferase system coupled with
phospho-gB-galactosidase as known to group N
streptococci'®.

The plasmid profile of lac* and lac* mutants of
34143 culture revealed that neither these mutants
nor their parent culture possessed different sizes
of plasmids. These obsevations indicate that the
lac™ mutants may possess the genes for lactose
the The

nitrosoguanidine affected the chromosomal DNA

utilization in chromosome.
base sequence in such a way that a few of the
mutants of Lactobacillus casei subsp. alactosus
34143 became lac’ by acquiring B-galactosidase
and phospho-B-galactosidase synthetic mecha-

nisms.

Table 2 Effect of incubation time on acid and diacetyl production by parent and cultures of Lactobacillus

casei subsp. alactosus 34143 in soymilk

o 34143 L7 N-15 N-25
Incubation time -
(hours) Diacetyl TA® Diacetyl TA® Diacetyl TA® Diacetyl TA®
{(ppm) (%) {(ppm) (%) {ppm) (%) {ppm) (%)
0.21 0.02 0.19 0.01 0.17 0.01 0.01 0.17
0.63 0.03 0.65 0.04 1.28 0.02 0.01 0.14
12 1.18 0.63 2.14 0.02 3.02 0.04 0.37 0.25
16 0.70 0.56 3.30 0.00 1.85 0.22 0.59 0.30
20 0.71 0.64 2.04 0.03 0.99 0.25 0.72 0.16
24 0.93 0.66 0.72 0.00 1.02 0.48 0.73 0.04

a) Titratable acidity was expressed as percent lactic acid.
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Lactobacillus casei 34143 @
—bavIirPZC o RIBTEKICL S
REFLTOABRBIUSTEFILER

B #H-FF RJZARR LvF4-RE &
(4RI )

KREHANDRBIC AR L ABEER AP RET ZHNT, 77— 2AJEREE Lactobacillus caser 34143 o = }
0y 7 7=y (NTG) BRI OWT, BKETOREEFEE L S5 NI KRG TOIEE o T+ F
IAEREE Z IR DRI L » TRETL 72, 272, NTGAHEZERICBIT L 72V BBL T 7 —2D
BUAA & RICBI G 2 BRDIEHIC DOV T F~7z, ZofE, BRE 5 NICEBEROWAE THEE
FEHEEZIITHUEEZRL, WITNL34.5CH53B.9CHEHTH 72, UL Lkhs, AEIEHMTO
FEE T 2 FIVEKREICITBEVZ R TEEY B 72, ISP T2 FNVERDEBIREIZBHS32.7C T
HEDITH LT, ZRKE (N-14¥k, N-158k3 L N-258k) TIF29.6CTHYN, #L TERKD L-THKT
1326 4CTh 72, —H, kL 28R E ERKRIZ 7T 7 = v BB BEER L 65 NS 7 = v BB Rk TETE
ERBUr 2w, T2 AR E R oEREKR (N-258kE S-3-18K) 2 -7 57—t e
T4 RT74-B-T77 P —OEREER LT,




