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Abstract

During pulping large quantities of spent liquor are generated, which contain high amounts of degraded poly-
saccharides. These saccharides represent a good substrate for various biotechnological processes.

In addition to the mono- and oligomeric sugars, the waste liquors contain other substances that may have inhib-
itory effects on the microorganisms used in the fermentation processes. This work was designed to understand
the interaction of potential inhibitors with living cells by employing NMR spectroscopy.

The investigation of the interaction of the anaerobic ethanol producer Thermoanaerobacter mathranii and the
aerobic polyhydroxyalkanoate (PHA) producer Halomonas halophila with potential inhibitors shows that all
substances with aldehyde moieties change their structure during the fermentation, while all other inhibitors
remain unchanged. Furthermore, the reduction of the aldehyde group to the hydroxyl group takes place through-
out the interaction with anaerobic microorganisms and the oxidation to the carboxylic acid throughout the inter-
action with aerobic microorganisms.

Finally, the effect of the corresponding alcohols and carboxylic acids formed during the fermentation on the
growth of bacteria was investigated. The experiments proved that the newly formed substances have a less
inhibitory effect on the cells than their parent components with aldehyde groups.

Keywords: growth inhibitors, pulp industry, spent sulphite liquor, ethanol production, PHA production,
Thermoanaerobacter mathranii, Halomonas halophila

Introduction

Sulphite pulping is one of the major commercial pulp-
ing processes. In addition to the main product pulp,
large quantities of spent liquor are produced during
the process. The spent sulphite liquor (SSL) contains
lignosulphonates, hemicelluloses, extractives and
their degradation products [1-3]. It provides a carbon
source for fermentative utilization, which does not

compete with the food chain [4-7]. The fermentative
desugarization of the spent liquors with the anaerobic
strain 7. mathranii for the ethanol production and the
halophilic aerobic strain H. halophila for the produc-
tion of polyhydroxyalkanoates would provide a sub-
stantial contribution to the profitability of the pulping
process [8-11].
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In addition to the desirable high amounts of mono-
and oligomeric sugars, SSL also contains degradation
products of lignosulfonates and additional degrada-
tion products of hemicellulose, cellulose: organic ac-
ids, phenol and furan derivatives, which can have in-
hibitory effects on the microorganisms [12-15]. In our
previous investigations, the effects of these substanc-
es in concentrations corresponding to the concentra-
tions from industrial SSLs were shown for T. mathra-
nii and H. halophila amongst others. Both strains
proved to have a relatively high resistance to organic
acids and furan derivates. However, some phenol de-
rivatives especially aromatic aldehydes cause inhibi-
tion of cell growth [16]. Witz explains this effect with
the high reactivity of aldehydes and their ability to
form covalent bonds with cellular nucleophilic groups
[17].

Non-aromatic substances, on the other hand, are less
toxic to microorganisms. Water-soluble lower alco-
hols and organic acids are fermentation products of
many microorganisms. Cells developed protective
mechanisms in the evolutionary process and can toler-
ate a relatively high amount of these compounds [18].
However, the situation is completely different for
phenol derivatives. These compounds rarely occur in
high concentrations under natural conditions. This is
probably the reason why even small amounts of these
substances are harmful to cells [19,20].

In Nature, there are microorganisms known to de-
grade lignin and its degradation products. There are
several studies, in which the degradation reactions of
substituted phenols from lignocellulosic hydrolysates
by those microorganisms were investigated. For ex-
ample, Harazono et al. found aromatics-degrading
bacterial strains in the guts of a lower termite species.
These strains were identified as Burkholderia sp.
VE22 and Citrobacter sp. VA53 and can metabolize
degradation products of lignin such as aromatic alde-
hydes. During this process, the corresponding aromat-
ic alcohols or aromatic carboxylic acids, respectively,
were formed as intermediate metabolites [21]. Fal-
connier et al. described the metabolism of ferulic acid
to vanillin by the white-rot fungus Pycnoporus cinna-
barinus 1-937, whereby coniferyl aldehyde was
formed as an intermediate, which was then converted
to coniferyl alcohol [22]. However, the exact mecha-
nism of the inhibiting effect of these substances on the
cells is not yet elucidated [21,23-25].

To achieve a deeper understanding of the behaviour of

the strains we used for SSL valorisation, 'H NMR
spectroscopy was employed.
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For studying the interaction of the anaerobic microor-
ganism T. mathranii with different potential inhibitors
from the pulp industry process lyes, these substances
were characterized by "H NMR spectroscopy in a me-
dium with glucose, which was used as a carbohydrate
source in fermentation experiments. Then the cells
were incubated directly in an NMR tube with the po-
tential inhibitors in a medium with glucose and finally
investigated by '"H NMR spectroscopy. To ensure that
no conversions of the tested substances take place in
the medium without bacteria, the experiments were
also carried out without the addition of microorgan-
isms. The used concentrations of furan derivatives in
these experiments correspond to the concentrations of
these substances in spent sulphite liquors from differ-
ent industrial partners. The range of phenolic test sub-
stances and their concentration was derived from the
literature [1-3,13,26].

Since the aerobic strain, H. halophila is sensitive to
oxygen limitation the cultivation could not be per-
formed directly in the NMR tube. Instead, the experi-
ments were carried out in small shake flasks. The po-
tential inhibitors were incubated in a medium with
and without cells. As above, glucose was the carbohy-
drate source. The samples for 'H NMR measuring
were taken from all solutions at regular intervals.

Materials and Methods

Thermoanaerobacter mathranii

(DSM 11426)

Medium preparation

For the cultivation of T. mathranii (DSM 11426), the
DSMZ 640 medium from the Leibniz Institute
DSMZ-German Collection of Microorganisms and
Cell Cultures was used. The medium contains 0.9 g/l
sodium chloride, 0.4 g/l magnesium chloride hexa-
hydrate, 0.75 g/l monopotassium phosphate, 1.5 g/l
dipotassium phosphate, 2 g/l peptone from casein, 1
g/l yeast extract, 1 ml/l trace elements solution SL-10,
2.5 mg iron (III) chloride hexahydrate, 0.75 g/l
L-cysteine hydrochloride monohydrate, 5 g/l glucose
and 1 g/l sodium 2,2-dimethyl-2-silapentane-5-sul-
fonate, which was used as an internal standard. Water
was substituted by D20. The pH value of the solution
was adjusted to 7.2 with 35 % DCI. The medium was
autoclaved for 10 min at 120 °C.

For the preparation of the trace elements solution SL-
10, 1.5 g iron(II) chloride tetrahydrate was dissolved
in 10 ml 7.7 M HCl and diluted with 990 ml deionised
water. The following salts were added to the solution:
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70 mg zinc chloride, 100 mg manganese (II) chloride
tetrahydrate, 6 mg boric acid, 190 mg calcium chlo-
ride hexahydrate, 2 mg copper (II) chloride dehydrate,
24 mg nickel (II) chloride hexahydrate, 36 mg sodium
molybdate dihydrate. Finally, it was made up to 1000
ml with deionised water.

Cultivation

The work was carried out in a Glovebox under form-
ing gas atmosphere. 1 ml Cryo-Stock (-80 °C) con-
taining 700 ul cells in glycerine and 300 u1 D20 was
thawed at room temperature and then added to 9 ml
medium. The cells were incubated with agitation for
12 h at 65 °C. To preserve vital cells the culture was
re-inoculated in a medium once again and incubated
for 10 h. These cells were used for the inhibitor
screening experiments.

Inhibitor screening
For the inhibitor screening experiments, the medium
containing an aliquot of one of the potential inhibitors
was prepared and analysed by 'H NMR spectroscopy.
The organic acids were neutralized with 40 % NaOD
solution before their addition to the medium. In the
next step, 500 pl culture was added to an NMR tube
with a 500 1 medium containing an inhibiting sub-
stance* and a sugar source. The solution was incubat-
ed with agitation at 65 °C. At the same time, the me-
dium without cells was incubated under the same
conditions. After 72h, the samples with and without
cells were analysed by '"H NMR spectroscopy.
*The used concentration of phenol derivatives was 7 mmol/l,
furfural 4 mmol/l, HMF 4 mmol/l, formic acid 22 mmol/Il,
levulinic acid 10 mmol/l and acetic acid 89 mmol/l.

Monitoring of potential inhibitors with aldehyde
groups during fermentation of T. mathranii
For the determination of changes of potential inhibi-
tors with aldehyde groups during fermentation 1 ml
culture was added to 9 ml medium. The cells were
incubated with agitation for 72 h at 65 °C. At the same
time, the medium without cells was incubated under
the same conditions. The samples for 'H NMR meas-
uring were taken from all two solutions at regular in-
tervals.

Coniferyl aldehyde was incubated in DO with agita-
tion for 72 h at 65 °C.

Effect of fermentation products of potential
inhibitors with aldehyde groups on cell growth
of T. mathranii

For the determination of the effects of fermentation
products of aromatic aldehydes on cell growth, the in-
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cubation of cells was carried out in the same way as in
experiments of monitoring aromatic aldehydes during
fermentation of 7. mathranii, except for using deion-
ized water instead of D20 and HCI instead DCI. Fur-
ther, DSS was not used in this experiment. The cells in
medium with and without aromatic aldehydes as well
as their fermentation products* were incubated for
77 h. The samples for the determination of the growth
curve by OD measurement were taken from all solu-
tions at regular intervals. The determinations were
carried out in triplicate.
*The concentrations of potential inhibitors with aldehyde
groups as well as their fermentation products are listed in
Tables 2 and 3.

Halomonas halophila (DSMZ 4770)
Medium preparation

For the cultivation of H. halophila (DSMZ 4770), the
DSMZ 4340 medium from the Leibniz Institute
DSMZ-German Collection of Microorganisms and
Cell Cultures was used. The medium contains 81 g/l
sodium chloride, 7 g/l magnesium chloride hexa-
hydrate, 9.6 g/l magnesium sulfate hexahydrate,
0.477 g/l calcium chloride dehydrate, 2 g/l potassium
chloride, 0.06 g/l sodium hydrogen carbonate,
0.026 g/l sodium bromide, 5 g/l peptone from casein,
10 g/l yeast extract, 1 g/l glucose and 1 g/l sodium
2,2-dimethyl-2-silapentane-5-sulfonate, which was
used as an internal standard. Water was substituted by
D20. The pH value of the solution was adjusted to
7 with 35 % DCI. The medium was autoclaved for
10 min at 120 °C.

Cultivation

1 ml Cryo-Stock (-80 °C) containing 700 ul cells in
glycerine and 300 ul DO was thawed at room tem-
perature and added to a 19 ml medium. The cells were
incubated with agitation for 14 h at 30 °C. To preserve
vital cells the culture was re-inoculated in the medium
once again and incubated for 12 h. These cells were
used for the inhibitor screening experiments.

Monitoring of potential inhibitors during
fermentation of H. halophila

For the inhibitor screening experiments, the medium
containing an aliquot of one of the potential inhibitors
was prepared and analysed by 'H NMR spectroscopy.
The organic acids were neutralized with 40 % NaOD
solution before adding to the medium. In the next step
1 ml culture was added to a 250 ml Erlenmeyer flask
with a 99 ml medium containing the inhibiting sub-
stance*. The solution was incubated with agitation for
143 h at 30 °C. At the same time, a medium without
cells was incubated under the same conditions. The
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samples for 'H NMR measuring were taken from all

solutions at regular intervals.

*The used concentration of phenol derivatives is 7 mmol/l,
furfural 4 mmol/l, HMF 4 mmol/l, formic acid 22 mmol/I,

levulinic acid 10 mmol/l and acetic acid 89 mmol/l.

Effect of fermentation products of potential
inhibitors with aldehyde groups on cell growth
of H. halophila
For the determination of the effects of fermentation
products of aromatic aldehydes on cell growth, the in-
cubation of cells was carried out in the same way as in
experiments of monitoring aromatic aldehydes during
fermentation of H. halophila, except for using deion-
ized water instead of D20 and HCI instead DCI. Fur-
ther, DSS was not used in this experiment. The cells in
medium with and without aromatic aldehydes as well
as their fermentation products* were incubated for
150 h. The samples for the determination of the
growth curve by OD measurement were taken from
all solutions at regular intervals. The determinations
were carried out in triplicate.
*The used concentrations of potential inhibitors with alde-
hyde groups as well as their fermentation products are list-
ed in Tables 2 and 3.

NMR spectroscopy

All NMR measurements were carried out on a 300
MHz Bruker Advance III NMR spectrometer with 5
mm probe at 25 °C. Chemical shifts are given in ppm.
The '"H NMR spectra were recorded with the follow-
ing acquisition parameters: 8.25 s 90° pulse, 5.5 s ac-
quisition time, 20 ppm spectral width and a relaxation
delay of 10 s. 16 scans were accumulated. The spec-
trum was referenced to the DSS peak at 0.00 ppm.
The numbering of hydrogens is according to the num-
bering shown in Fig. 1-3. The hydrogens of furfural,
coniferyl aldehyde as well as their fermentation prod-
ucts have the following chemical shifts:

'"H NMR (D20, 300 MHz) of furfural: d(ppm)
H=9.49 (1H, s, Ha), 7.91 (1H, dd, J1=1.6 Hz, J,=0.7
Hz, Hv),7.57 (1H, dd, J1=3.7 Hz, ,=0.7 Hz, He), 6.75
(1H, dd, J1=3.7 Hz, J,=1.6 Hz, Ha).

"H NMR (D20, 300 MHz) of furfuryl alcohol: d(ppm)
H=7.51 (1H,dd, Ji=1.8 Hz, J>=0.9 Hz, H¢), 6.43 (1H,
dd, Ji=3.2 Hz, J»=1.8 Hz, Hy), 6.40 (1H, dd, J1=3.2
Hz, J»=0.9 Hz, Hy), 4.54 (2H, s, Hp).

"H NMR (D20, 300 MHz) of 2-furoic acid: d(ppm)
H=7.63 (1H, dd, J1=1.6 Hz, J»=0.5 Hz, H¢), 7.01 (1H,
dd, J1=3.5 Hz, J»=0.5 Hz, Hr), 6.58 (1H, dd, J1=3.5
Hz, J.=1.6 Hz, Hy).
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'"H NMR (D20, 300 MHz) of coniferyl aldehyde:
S(ppm)n = 9.48 (1H, d, J=8.2, Hu), 7.68 (1H, d,
J=15.7, Hy1), 7.32 (1H, d, J=1.8, He1), 7.25 (1H, dd,
11=82, I=18, Har), 6.96 (1H, d, J=8.2, He1), 6.70
(1H, dd, 11=15,7, 1»=8 2, Hr1), 3.90 (3H, s, Hy).

'H NMR (D20, 300 MHz) of coniferyl alcohol:
O(ppm) H= 7.15 (1H, d, J=2.0, Hx1), 6.98 (1H, dd,
11=8.2,J»=2.0,Hi1),6.89 (1H,d,J=8.2,Hj1),6.57 (1H,
d, J=16.0, Hx), 6.30 (1H, m, Hn), 4.23 (2H, dd,
J1=6.0,J>=1.3,Hm1), 3.91 (3H, s, Hy).

'H NMR (D20, 300 MHz) of coniferyl aldehyde dim-
er: O(ppm)u = 9.48 (1H, s, J=8,2, Hax2), 7.68 (1H, s,
Hw2), 7.32 (1H, d, J=1.8, He2), 7.25 (1H, dd, J1=8.2,
J>=1.8, Ha), 6.96 (1H, d, J=8.2, He2), 3.90 (3H, s,
Hg).

Measuring optical density

The optical density of the bacterial suspensions was
measured in a 96-well microtiter plate in a Thermo
Scientific™ Multiskan™ GO Mikrotiterplatten-Spec-
trophotometer at 600 nm. As the light source, the
Xenon flash lamp was used. The microtiter plate was
shaken for 5 s before the measurement.

Results and discussion

Inhibitor screening T. mathranii

The investigation of the interaction of 7. mathranii on
the potential inhibitors shows that organic acids and
phenolic components with carboxyl, methoxyl and
hydroxyl functional groups do not change during fer-
mentation while furan derivates and phenolic compo-
nents with aldehyde groups change their structure
(Table 1). These changes were closely monitored. For
this purpose, the fermentations were carried out on a
larger scale in 15 ml tubes and the samples for NMR
analysis were taken at regular intervals. The changes
in furfural and coniferyl aldehyde are described in
more detail below.

Monitoring of potential inhibitors with
aldehyde groups during fermentation of
the anaerobic strain T. mathranii

Furfural remains unchanged in the medium before the
incubation with the microorganism. The addition of 7.
mathranii leads to changes in its structure (Figure 1).
The peak at 9.49 ppm corresponding to the aldehyde
proton of furfural disappears. The chemical shifts of
Hp at 7.91 ppm, Hc at 7.57 ppm and Ha at 6.75 ppm
change. New signals arise at 7.51, 6.43, 6.40 and 4.54
ppm. These signals correspond to furfuryl alcohol
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Table 1: Interaction of T. mathranii (TM) and H. halophila
(HH) on different potential inhibitors during fermentation

structural change

potential inhibitor
™ HH

organic acids:
formic acid

acetic acid
levulinic acid
furan derivatives:
furfural

HMF

phenol derivatives:
guaiacol

phenol

catechol
resorcinol
hydroquinone
pyrogallol
homovanillic acid
ferulic acid
4-hydroxybenzoic acid
gallic acid
m-coumaric acid
apocynin
coniferyl aldehyde
syringaldehyde
vanillin

*

<< Z2Z7Z
o Z !

M2 22222222 2Z2Z7Z
e 22222222 2Z2Z2Z7Z

*These compounds were metabolized by microorganisms
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formed during the fermentation. A strong signal at
4.78 ppm in both spectra is indicative of water. The
peak at 5.22 ppm is the a anomeric proton and the
peak at 4.63 ppm is the 3 anomeric proton of glucose.
They disappear during fermentation indicating the
complete digestion of the glucose as expected. The
signals in the range from 7.42 to 7.31 ppm are from
the medium.

This experiment shows that the aldehyde moiety of
furfural was reduced to the alcohol moiety throughout
the fermentation with 7. mathranii, i. e. furfuryl alco-
hol was formed from furfural.

All other potential inhibitors with aldehyde groups
displayed the same behaviour as furfural. They were
reduced to the corresponding alcohols during the fer-
mentations with 7. mathranii. Before the addition of
the bacteria to the medium, no changes in the investi-
gated compounds were observed. Coniferyl aldehyde,
however, behaved differently. In addition to the
change in the medium with bacteria, there occurred an
expected dimerization after dissolving the aldehyde in
the medium without any cells. To test its stability, co-
niferyl aldehyde was also dissolved under the same
conditions in pure D20. In D20, coniferyl aldehyde
remained unchanged. This means that one or more
media components caused the dimerization of the co-

|

AR " ,-'L-‘L'l:.* — I ool
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70 6.5 6.0 55 50 ppm

Figure 1: '"H NMR spectra (D20, 300 MHz) of medium with furfural before the incubation with T. mathranii (top),

and after fermentation for 72 h at 65 °C (bottom).
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Figure 2: 'H NMR spectra (D20, 300 MHz) of medium with coniferyl aldehyde without the addition of T. mathranii (top),
medium with coniferyl aldehyde after addition of T. mathranii after incubation at 65 °C for 13 h (middle) and 72h (bottom).

niferyl aldehyde. Further investigations to that extent
were beyond the scope of our studies.

Figure 2 shows the changes of coniferyl aldehyde
during fermentation of 7. mathranii. The new signals
appear in the spectrum after the incubation with
microorganisms. These signals are assigned to co-
niferyl alcohol.

In this case, as well, the dimerization reaction of
coniferyl aldehyde took place. In addition, further
changes in signal patterns were observed. The doublet
of doublets at 4.23 ppm (Hm1) converts into a doublet
(Hm2), and the doublets at 6.57 ppm (Hxi1) convert into
a singlet (Hx2) and the signal at 6.30 ppm (HI1) disap-
pears. These changes indicate the additional dimeriza-
tion reaction of coniferyl alcohol or the reduction of
the aldehyde moieties in the dimer or both.

The signals of the anomeric glucose protons at 5.22
and 4.63 ppm remain visible in the spectrum of co-
niferyl aldehyde after the incubation with cells for
72h. As reported previuously, coniferyl aldehyde has
the strongest inhibiting effect of all tested substances
[16]. As a result, the growth of microorganisms is
more inhibited, so the consumption of glucose during
the fermentation with coniferyl aldehyde is much
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lower than during the fermentation with furfural,
which does not inhibit the growth of T. mathranii at
the given concentration.

A dimerization reaction in the medium was observed
only when coniferyl aldehyde was used. All other
phenol derivatives did not change their structure in
the medium. However, the addition of 7. mathranii
caused the reduction of substances with aldehyde
moieties to the corresponding alcohols.

Monitoring of potential inhibitors during
the fermentation of the aerobic strain

H. halophila

The contents of formic and acetic acid decreased dur-
ing the fermentation of H. halophila. The reason for
this is that these substances were metabolized by the
microorganism [27]. Otherwise, Table 1 shows struc-
tural changes of the same compounds during the fer-
mentation as observed with 7. mathranii: levulinic
acid, phenolic components with carboxyl, methoxyl
and hydroxyl functional groups did not change during
fermentation while furan derivates and phenolic com-
ponents with aldehyde groups change their structure.
In contrast to the fermentations with 7. mathranii,
with H. halophila the aldehydes were not reduced but
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Figure 3: 'H NMR spectra (D20, 300 MHz) of medium with furfural without the addition of H. halophila (top), medium
with furfural after addition of H. halophila after incubation for 143 h at 30 °C (bottom)

oxidised yielding carboxylic acids instead of alcohols.
Using the example of furfural, Figure 3 shows the
structural changes caused throughout the interaction
with H. halophila.

As with the interaction of furfural with 7. mathranii,
the aldehyde proton corresponding to the peak at 9.49
ppm (H.) disappears and the peak pattern of Hy at 7.91
ppm, Hc at 7.57 ppm and Ha at 6.65 ppm changes.
New signals arise at 7.63, 7.01 and 6.58 ppm. These
signals correspond to 2-furoic acid formed during fer-
mentation. The signals at 8.45, 8.25 and 7.73 ppm as
well as in the ranges from 7.43 to 7.15 and from 6.92
to 6.81 ppm are from the medium.

The analysis of the other spectra of potential inhibi-
tors with aldehyde groups during fermentation with
H. halophila showed that all these substances were
oxidized to the corresponding carboxylic acids.

Effect of fermentation products of
potential inhibitors with aldehyde groups
on cell growth of 7. mathranii and

H. halophila

The effect of the substances derived during the fer-
mentation from potential inhibitors with aldehyde
groups on cell growth was also investigated (Tables 2

and 3). The cells were incubated under the same con-
ditions a) with the addition of aromatic aldehydes or
b) with the addition of their corresponding alcohols in
the case of T. mathranii or c) with the corresponding
carboxylic acids in the case of H. halophila. The
change in the optical density of all bacteria suspen-
sions was measured to determine the growth of the
microorganisms. For determination of the effect of
aldehydes, alcohols or carboxylic acids on cell growth
the AOD (optical density) of microorganisms in me-
dium only was compared with the AOD of bacteria in
the medium containing aldehydes, alcohols or car-
boxylic acids. The AOD of bacteria in the respective
medium without inhibitors was defined as 100%
growth.

The addition of coniferyl aldehyde to the medium led
to a decrease in cell growth to 63 % compared to
T. mathranii cells in medium only. The presence of
coniferyl alcohol in the medium does not have any
significant impact on cell growth (Figure 4).

The investigations show that substances with alcohol
and carboxylic moieties have no inhibiting effect or a
weaker inhibiting effect on the growth of the microor-
ganisms than the components with aldehyde moieties
(Tables 2 and 3).
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Figure 4: Growth behaviour of T. mathranii during incubation in medium only (yellow curve) and in a medium with
coniferyl aldehyde (orange curve) or coniferyl alcohol (green curve)

The results are generally in good agreement with the
results from other groups. Wang et al. reported that
the yeast Saccharomyces cerevisiae can convert alde-
hydes generated during the pretreatment of lignocel-
lulose to the corresponding alcohols by multiple alde-
hyde reductases [28]. Several reductases of the
gram-negative bacterium Zymomonas mobilis are re-
sponsible for reducing phenolic aldehydes from ligno-
cellulose pretreatment to the corresponding phenolic
alcohols [29]. Both strains are usually cultivated un-
der anaerobic conditions. Similarly, the reduction of
furan aldehydes as a detoxification process of the mi-

croorganisms was described by several authors
[30,31]. Ruettimann et al. reported that the aerobic
strain Streptomyces viridosporus TTA oxidizes low
molecular weight lignin-related aldehydes to the cor-
responding acids [32].

Conclusions
The study of the structural changes of potential inhib-

itors from the pulp industry spent liquors during
fermentation with the anaerobic ethanol producer

Table 2: Effects of potential inhibitors with aldehyde groups and their corresponding alcohols on the fermentation of

T. mathranii (orange: impact on growth, green: no significant impact).
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substances forming during
fermentation

growth [%]

concentration potential inhibitors with

[mmol/1] aldehyde groups growth [%]
3

7
3

7 Syringaldehyde

3 Coniferyl aldehyde

7 Coniferyl aldehyde

03

3

03

1.5
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Table 3: Effects of potential inhibitors with aldehyde groups and their corresponding carboxylic acids on the fermentation

of H. halophila (colour code same as above).

concentration
[mmol/1]

potential inhibitors with
aldehyde groups

Vanillin
Syringaldehyde
Syringaldehyde
Coniferyl aldehyde
Coniferyl aldehyde

55+0,04

610,04
74+0,03
42+0,01

T. mathranii and the aerobic PHA producer H. halo-
phila shows that most substances do not change their
structure during the interaction with the microorgan-
isms. However, exceptions are compounds with alde-
hyde moieties. They are either reduced to the corre-
sponding alcohols in case of the anaerobic microbial
strain or oxidized to the corresponding carboxylic
acids in case of the aerobic microbial strain. In both
cases, the microorganisms convert a toxic substance
to a less toxic substance. We think that these detoxifi-
cation processes are performed at the expense of cell
growth.
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