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Organic acids such as fumaric, malic and lactic acids are produced by associative growth of fermentative
microorganisms and contribute largely to flavor of fermented foods. 1In the present study, the effect of
cultural conditions on the fumarate metabolism was tested for three strains of Laclobacillus delbrueckii
possessing the ability in conversion of fumarate to L-malate, and an attempt was undertaken as preliminary
studies for the flavor improvement of fumaric acid forming-mold starter foods in combination with lactic acid
bacteria. These strains were incubated in the basal medium (glucose-yeast extract-peptone) containing 1%
sodium fumarate at 34°C under stand and shaking cultures and the cell growth and organic acid compositions
during the incubation were tested. The effects of medium compositions and inorganic salts on the fumarate
metabolism were investigated as well. Fumarate consumptions and the uptake of glucose by three strains
were activated by the addition of fumarate to the basal medium. L-malate production decreased after 24 to
28 hours incubation under the stand culture, whereas the production showed a tendency to increase until
48 hours incubation under the shaking culture. However, the productive ratio of fumarate to L-malate
was nearly same in both stand and shaking cultures. On the other hand, stimulatory effects on the cell
growth of three strains were observed in fumarate-added basal medium supplemented with magnesium ions.
Their fumarat(::-hydrolyzing abilities were also stimulated, although the abilities were inhibited in the

presence of copper ions. (Received May 2, 1993)

Organic acids as products of microorganisms
metabolism take an important role as ingredients
of flavor or sourness of various kinds of fermented
foods. However, the strength of sourness and
quality of each organic acid differs respectively that
due to its balance of volume, it might cause the
lack of flavor. It is said that filamentous fungi of
the genus RAzopus (7) and fumaric acid produced
by yeast of the genus Cardida (Z7) in organic acids
make products sour (7). On the other hand, with
the activity of fumarate hydratase (EC4. 2. 1. 2.,
hereafter cited as, fumarase), L-malic acid converted

from fumaric acid possesses poorer sour degree
compared to fumaric acid but contains pleasant sour
taste (#). Fumarase is distributed in mold (.5), yeast
( 6),animals ( 7), the higher animals ( &) and others.
However, on fumarase of lactic acid bacteria, no
report has been found other than that by Kitahara ez
2/(9). It would be necessary to investigate basically
on the prosperity and decline of organic acids
dissolved by fumaric acid.

We selected three strains of Laciobacillus
defbruecksy which showed high L-malic acid
production ability in the result that the L-malic
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acid production ability of fumaric acids from various
lactic acid bacteria were investigated in aim to
improve flavor of filamentous fungi fermented foods
with the use of both filamentous fungi and lactic
acid bacteria (/7). Then, we will report the results
here that we investigated changes of fumaric acid
by time course that comes along with the growth of
bacteria in the culture fumaric acid salt is added
with three selected strains as basic experiment to
investigate the metabolism formation of fumaric
acid produced from glucose by filamentous fungi.

EXPERIMENTS

1. Sample strains

As reported in our previous study (77), we also
sampled L. de/brueckir subsp. delbrueckri ATCC 9649
(hereafter cited as . delbrueckir ), L. delbrueckii
subsp. bujparicus 7235 (77) (hereafter cited as
L bulparicus ) and L. delbrueckir subsp. /Jactis 1135
(77) (hereafter cited as Z. /Jactis) which showed high
L-malic acid production ability from fumaric acid.
These strains were transferred at 34°C with GYP
medium of pH6.8 (1% glucose, 0.5% yeast extract,
1% peptone, 0.1% Tween 80 and 0.01% L-Cystein).

2. Test Sample

We used GYP medium, FGYP medium (GYP
medium supplemented with 1% fumaric acid
disodium), FYP medium (glucose excluded from
FYGP medium) and Na-FGYP medium (5% salt
added to FGYP medium). Also, we investigated on
the metal ion influence to metabolismr of fumaric
acid with the medium various kinds of inorganic
salt to FGYP medium 0.5mM each. Yet, those

inorganic salt we used are copper (II) chloride
dihydrate (CuCl,+2H 30), sulfuric acid magnesium
(MgSo 4+ 7H ;0), zinc sulfate (ZnSO4-7H 20), sodium
molybdate (NazMoOQ,*2H0), cobalt sulfate (CoSO,-
7H;0), ferrous sulfate (FeSO,4:7H,0), aluminium
chloride (AICl3+6H;0) and ferric sulfate (Fez(SO
4)3). FBach medium was adjusted to pHS6.8.

3. Culture condition

Testing the influence of culture condition to
fumaric acid metabolism, we inoculated 0.1% culture
medium cultured statically in GYP medium for 24
hours, we incubated at 34°C under stand and shaking
medium for prescribed hours. Shaking culture was
done with 300mL Erlenmeyer flask in reciprocating
shaking culture including 100mL FGYP.

4. Analysis

Measurement of organic acid in culture medium
was done by high performance liquid chromatography
in culture filtrate excluding fungi with Millipore
filter (0.22 xm) (Z2). On the other hand, growth
rate of bacteria was shown in optical density at
660nm.

RESULTS AND STUDY

1. Influence of cuture media structure to fumaric
acid metabolism

Table 1 shows the growth rate of three sample
strains in each medium after 48-hour culture for
stand culture and consumption.

The growth rate of bacteria in no glucose added
FYP medium with fumaric acid as substrate and
consumption of fumaric acid is generally low.

Table 1 Effect of medium composition on the fumaric acid metabolism by Lactobacillus delbrueckii

strains

L. delbrueckii subsp.
bulgaricus 7235

L. delbrueckii subsp.

L. delbrueckii subsp.

lactis 1135 delbrueckii ATCC 9649

Medium?
Cell growth Fumarate
(OD 660nm) utilized (%)

Cell growth
(OD 660nm) utilized (%)

Fumarate Cell growth Fumarate

(OD 660nm) utilized (%)

GYP 1.384 —
FYP 0.099 1.48
FGYP 1.843 93.77
Na-FGYP 0.064 0

0.138
2.158

2.387 — 0.913 —
18.16 0.085 7.66
97.64 1.536 96.82

0.056 0 0.051 0

D Medium compositions are the following :

Composition of FGYP medium was 1% disodium fumarate, 1% glucose, 1% peptone, 056% yeast extract,

0.1% Tween 80 and 0.01% L-cysteine.

GYP medium and FYP medium were the same to FGYP medium but lacking disodium fumarate and

glucose, respectively.

Na-FGYP medium was FGYP medium containing 5% sodium chloride.

All media were adjusted to pH 6.8.
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The highest Z /Jczis was 18.16%. However, the
growth rate at FGYP medium (1% glucose added
to the previous medium was higher in Z de/brueckri
and L bujgaricus compared to GYP medium. In
L /actis, it was rather low value. And, fumaric
acid was used mostly as 93.77 to 97.64% till 48th
hour of cultivation in each strain. However, on
investigating the growth rate of Na-FGYP medium
5% NaCl added to FGYP medium in consideration
to the influence at salted foods and consumption
of fumaric acid we could not find any growth of
bacteria and consumption of fumaric acid.
Organic acid is believed to possess promoting
effect in the growth of various kinds of lactic acid
bacteria ( 737¢). Among these Harvey eza/ (Z5)
infer that it is because composing ability of cytoplasm
structure ingredients formed with glucose as energy
source would be strengthen by citric acid. Also,
Branen eza/ (74) report that citric acid, isocitric
acid, « -ketoglutaric acid, succinic acid and L-malic
acid promote the growth of Z case/393 involving
TCA circuit and fumaric acid inhibit the growth.
On the contrary, our investigation showed growth
promoting effect by fumaric acid. This growth
promoting structure of fumaric acid is unknown.
It is necessary to study in detail in the future.
On the other hand, Table 2 shows the results
of influence of metal ions to the growth of three
sample strains and fumaric acid metabolism. Fumaric
acid consumption of each strain in FGYP medium
differs to cultivation time (Fig.1). Table 2 shows
the result of the 20th hour (Fig.1) where clear
decrease of fumaric acid in Z /zc7ss was observed.

In metal ions we used, it was Mg2" on all three
strains that promoted bacterial growth and fumaric
acid consumption the most. On the other hand,
when Cu?* is added to culture medium, bacterial
growth and fumaric acid consumption were inhibited.
Similarly, it was inhibited in the medium with ZnZ*
for L de/brueckri and L factis Bivalent positive ion
was believed to be necessary for bacterial growth
(74), organic acid metabolism (%) and ordinary
cell division ( 77), Wright ez 2/ (75) report that
the growth of L sujparicusis promoted by adding
Mg?* to culture medium.

2. Influence of stand and shaking cuiture to fumaric
acid metabolism

Since fumaric acid production from glucose by
filamentous fungi is superior in shaking culture than
stand culture ( 7¢), we investigated on influence of
stand and shaking culture of three sample strains
to fumaric acid assuming mix culture of filamentous
fungi and lactic acid bacteria in this research.

Fig. 1 and Fig. 2 showed change with time of
fumaric acid and each organic acid in stand and
shaking culture. The bacterial growth rate of three
sample strains in stand culture for 48 hours was
almost 2-fold to that of shaking culture.
Also, fumaric acid contained around 74mM at the
beginning of the culture started to decrease at16th to
20th hour of cultivation, reaching in 48 hours to
4.89mM L bujparicus, 1.58mM L. /Jactis and 2.41mM
L. delbrueckri In contrast, the residue of fumaric
acid around 48 hours in shaking culture was 14.23,
12.5 and 8.20mM respectively.

Table 2 Effect of inorganic salts on fumaric acid metabolism by Lactobacillus delbrueckii strains

L. delbrueckii subsp.
bulgaricus 7235

L. delbrueckii subsp.

L. delbrueckii subsp.

lactis 1135 delbrueckii ATCC 9649

Inorganic
salt Cell growth Fumarate Cell growth Fumarate Cell growth Fumarate
(0D pH  utilized D pH  utilized (OD pH  utilized
660nm) (%) 660 nm) (%) 660 nm) (%)
None 1.826 4.69 39.88 2.034 4.47 75.59 0.624 5.22  27.53
CuCl;-2H,0 1.732 4.76  32.59 1.134 4.96 46.72 0.513 5.33 13.67
MgSO,H,0 2.005 4.60  47.96 2.123 4.43 90.13 0.855 5.28 38.69
ZnSO,- 7TH,0 1.731 4.66 41.48 1.440 4.78 45.97 0.412 5.39 16.67
Na,Mo0,-2H;0 1.810 4.68 44.53 1.958 4.50 72.70 0.590 5.26 23.80
CoS0,-7TH.0 1.354 4.78  33.36 1.783 4.76  69.48 0.574 5.53 22.75
FeSO;,-7TH,0 1.673 4.65 42.29 1.912 4.41 83.34 0.630 5.16 31.22
AlCl;-6H,0 1.755 4.66 42.32 1.859 4.48 85.06 0.577 5.22 23.74
Fe; (SOp); 1.711 4.65  40.66 1.879 4.35 85.09 0.559 5.18  25.49

Each strain was incubated at 34°C for 20 hours in the FGYP medium supplemented with 0.5mM

inorganic salt.
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Fig.1 Metabolism of fumarate in the FGYP
medium incubated with Lactobacillus
delbrueckii at 34°C under stand culture

M. fumaric acid ; O, L-malic acid ; [}, lactic
acid ; A, acetic acid ; A, cell growth.

While L-malic acid produced from fumaric acid,
L bufgaricus and L Jactis in stand culture at the
24th hour after cultivation, L.delbrueckii at the
28th hour of cultivation, became the maximum
(49.71mM, 55.37mM and 47.80mM, respectively)
and started declining from then on. However, in
shaking culture, all strain show increasing tendency
to the 48th hour and L bujgarscus showed 50.72mM,
L /Zzctis showed 52,34mM and L ge/brueckiishowed
34.51mM. That time, the ratio of fumaric acid and
L-malic acid in stand cultrue is 1:2.1 to 4.3, and
1:36 to 4.2 in shaking culture. From this, L-malic
produced by fumarase activity from fumaric acid,
they were almost the same value in their ratio
under stand and shaking culture. Kitahara ez 2/

Incubation time (h)

Fig. 2 Metabolism of fumarate in the FGYP
medium incubated with Lactobacillus
delbrueckii at 34°C under shaking culture
Symbols were shown in Fig. 1.

(22) report that on the conversion of L-malic acid
from fumaric acid by fumarase of lactic aicd bacteria,
their ratio was 1: 3.3 (23% : 77%). We also had a
same result in this research,

On the other hand, when we confirmed optical
rotation of productive lactic acid with enzyme
method (27), productive lactic acid was almost D-
lactic acid and L-lactic acid was a small volume
(data not shown). Radler (22) says that malic acid
dihydrate enzyme, malic acid dissolution enzyme
and malo-lactic enzyme are involving to the
metabolism of L-malic acid. And carbon dioxide
and L-lactic acid are produced as the last products.

Also, Hara (27) determines that the activity of
these enzyme differ to their pH or the kinds of
lactic acid bacteria, the more pH become neutral,
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Fig. 3 Metabolism of fumarate in the FGYP medium containing 0.5mM
magnesium ion incubated with Lactobacillus delbrueckii at 34°C under
stand and shaking culture conditions

A, stand culture ; B, shaking culture.

Symbols were shown in Fig. 1.

the more easily happen malic acid dissolving enzyme
system, and then produced also acetic acid.
Moreover, sample strains produce D-lactic acid from
glucose (7). Then, it is considered that lactic acid
produced is mostly originated in glucose.

On the studying results that is shown in Table 2,
we investigated change with time of organic acid
content in stand and shaking culture with FGYP
medium containing Mg?* since supplementing Mg?*
is the most effective in fumaric acid metabolism
of sample strains. Fig. 3 showed the results of
L bulgaricus and L. Jacts

Consumption of fumaric acid in stand culture
starts from the 12th hour in culture on both strains,
L. bulearicus was 28.99mM until the 24th hour of
cultivation and Z /zczis decreased to 19.86mM.
While in shaking culture, Z bulearicus decreased
fumaric acid consumption, .Z /Jzczis decreased 41.93
mM at the 12th hour of cultivation. Conversion of
L-malic acid from fumaric acid is admitted in a
short time compared to stand culture. On the other
hand, L-malic acid produced from fumaric acid
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showed the maximum (L sufearicus was 42.13mM
and Z /zctis was 38.51mM) in 24 to 30 hours after
cultivation in stand culture, showing decrease
afterward.  Then, we increased the cultivation
time to 48 hours in shaking culture, 33.23 and
52.75mM respectively.

Therefore, fumaric acid described in this research
was produced from glucose by filamentous fungi
and make tempeh (produced from wheat and cereals)
sour (7). However, L-malic acid converted from
fumaric acid contain pleasant sourness. In this
investigation, L-malic acid from fumaric acid by
three sample strains is produced with the bacterial
growth, its production ratio did not influence in
stand and shaking culture. Also, in case of Z s
when Mg?t is applied to FGYP medium, fumaric
acid was metabolized to L-malic acid in a short time.
From this, conversion of I-malic acid is determined
by mix culture of filamentous fungi with fumaric
acid productive ability and fumarase producing lactic
acid bacteria and estimated of adding pleasant
flavor to filamentous fungi fermented foods.
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SUMMARY

We gained the following results on investigating
cultivation condition to fumaric acid metabolism of
three strains of Lactobacilus delbrueckr
(1) By applying fumaric acid to the medium at stand
cultivation, bacterial growth was promoted.
(2) By investigating metal ion influence to fumaric
acid metabolism activity, Mg?* added medium
promoted fumaric acid metabolism activity but Cu?*
added medium inhibited fumaric acid metabolism
activity.
(3) On stand culture, the production volume of L-
malic acid from fumaric acid showed the maximum
at the 24th hour of cultivation for L de/brueckrr
subsp. dwjgarrcus and L. delbruecksr subsp. Jactis
and the 28th hour of cultivation for L de/brueckii
subsp. delbrueckri  While in shaking culture, all
three strains showed increasing tendency untill the
48th hour of cultivation. However, in any culture,
L-malic acid production ratio from fumaric acid
was almost the same value.
(4) Under the existence of Mg?*, by having Z
de/brueckir subsp. /zctis in shaking culture, fumaric
acid was converted to L-malic acid in a short period.
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