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Microbial consortia for the aerobic degradation of aromatic 
compounds in olive oil mill effluent 
N Zouari and R EIIouz 

Centre de Biotechnologie de Sfax, BP 'W' 3038, Sfax, Tunisia 

Aerobic consortia that grow on olive oil mill effluent (OOME) were obtained by enrichment. Several cultures were 
capable of metabolizing monoaromatic compounds, supplied as the sole carbon source at 2 g L -1. Some consortia 
degraded mixtures of seven aromatics (4 g L -1) after 1 week of incubation at 32~ The consortia were also active 
against monoaromatics of the undiluted OOME. This reduced the inhibitory effect of phenolic compounds prior to 
the anaerobic digestion of OOME at batch scale. No inhibition of the anaerobic microbial populations was noticed 
with treated OOME. From the most active consortium, nine different bacterial strains were isolated and shown to 
grow on simple aromatic compounds. Removal of 50% of the initial chemical oxygen demand and degradation of 
almost all of the simple aromatics in undiluted OOME was obtained with reconstituted bacterial mixtures. A slight 
reduction in coiouration was due to adsorption of coloured compounds to bacterial cells. Presumably, the consortia 
could not reduce and degrade the coloured compounds in OOME. 

Keywords: olive oil mill effluent; aerobic consortia; inhibitory effect; aromatic compounds; culture enrichment; reconsti- 
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Introduction 

Many industrial wastewaters are difficult to treat biologi- 
cally because of their inherent recalcitrance to degradation 
and high pollution potential. Olive oil mill effluent 
(OOME) is of interest in Tunisia and represents a serious 
source of pollution in the Mediterranean area. In the olive- 
growing countries of this region, olive mill wastewater pro- 
duction is estimated to reach more than 30 million cubic 
meters every year [7]. The maximum BOD5 (Biological 
Oxygen Demand)and COD concentrations are as high as 
100 and 220 kg m -3, respectively [2]. 

Several biological processes used for industrial and dom- 
estic wastewaters were tested for the treatment of olive oil 
mill effluent [4]. These processes, however, could not be 
applied to OOME because of the microbial inhibition 
caused by toxic components, eg tannin-like compounds or 
by products of the acidification and biodegradation of poly- 
meric substances [9,10,16]. We showed that when treating 
OOME at a batch scale, reuse of the anaerobic sludges 
caused inhibition of the anaerobic bacteria even at low 
COD concentrations (1 g L -1) of OOME [16]. This inhi- 
bition was due to aromatics and in part to volatile fatty acid 
(VFA) accumulating in the sludge. We have also found that 
the anaerobic sludge digestion of OOME in UASB-like 
reactors was instable. This instability was clear even at low 
loading rate (2.5 g COD L 1 day -I) using continuously fed 
reactors, constant loading rates or intermittent feedings. 
COD was removed not only by utilization for growth and 
maintenance of active biomass but also by adsorption of 
aromatic compounds to bacterial cells. 

While the aerobic degradation of simple phenolics has 
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been widely investigated, the anaerobic digestion of tannins 
has been almost overlooked. Hydrolysable tannins can be 
rapidly degraded anaerobically. The same conclusion could 
not be drawn about the degradability of condensed tannins 
[6]. For OOME, tannin-like compounds include condensed 
and hydrolysable tannins, monomeric flavoids and simple 
phenolics [3]. The continuous anaerobic or aerobic degra- 
dation of total phenolic compounds in OOME has not been 
investigated so far. 

Wastewaters containing phenols have traditionally been 
treated using physical and chemical processes. Recently, 
anaerobic biological processes were used with moderate 
success for the treatment of specific phenolics in waste- 
waters [5,15]. We have found, however, that for complex 
phenolic mixtures, such as OOME, the aerobic treatment 
of aromatics is a key step in effluent treatment. Indeed, 
attention has been paid to aerobic processes responsible for 
degradation of individual aromatics [8]. Recently, some 
bacteria capable of degrading phenolic acids have been iso- 
lated, but only a few strains, identified as Pseudomonas 
spp, utilized phenolics such as gallic acid [13]. Hinteregger 
et al [11] isolated a phenol-degrading Pseudomonas putida 
by enrichment culture from soil. This bacterium metabol- 
ized phenol, cresols, chlorophenols and other monophenolic 
compounds as its sole source of carbon and energy. 

The aim of the current work was to identify aerobic con- 
sortia able to degrade the main phenolic compounds of 
OOME. Presumably, in each consortium, different bacterial 
species would mediate a separate segment of the coupled 
reaction sequence of degradation [8]. 

Materials and methods 

OOME composition 
The OOME was obtained from a local olive oil mill and 
stored at -20~ until required for experimental use. The 
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average composition of the crude OOME was determined. 
It contained high concentrations of COD (220 g L-l), BOD 
(88 g L-Z), organic suspended solids (190 g L-l), total Kjel- 
dahl nitrogen (TKN: 1.2 g L-~), condensed tannins 
(2.3 g L-l), hydrolysed tannins (7 g L-l), monomeric fla- 
voids (1.5 g L 1) and simple phenolics (6.4 g L-1). The 
measurements of COD, BOD, TKN, suspended solids and 
aromatics were carried out according to standard methods 
[1]. 

Selection of consortia 
The aerobic environments in which aromatic-degrading 
bacteria were potentially present were selected from muds 
and wastewaters from a local tannery factory, muds from 
an aerobic domestic wastewater treatment plant and soil 
samples from a local eucalyptus field. Each was used as 
an inoculum. The culture medium was based on OOME 
pretreated for 2 months, using combined aerobic and anaer- 
obic processes (data not shown). All readily assimilable 
organic matter was degraded leaving complex organic 
materials as the sole carbon source. The pretreated OOME 
(p-OOME) contained 98 g L -1 COD, 107 g L -1 organic sus- 
pended solids and 0.85 g L -~ TKN. All cultures were car- 
ried out in 250-ml flasks containing 50 ml of medium and 
shaken at 250 rpm at 32~ The pH was adjusted to 7.2. 
The steps of the enrichment are shown in Figure 1. 

Since p-OOME contained a low concentration of nitro- 
gen (0.85 g L-Z), some growth factors and a nitrogen source 
necessary for bacterial growth were added. The following 
media were used for enrichment cultures at 32~ and 
pH 7.2: p-OOME, p-OOME + 0.25 g L ~ yeast extract, p- 
OOME + 0.25 g L -~ yeast extract + 1 g L -1 ammonium 
chloride. After 2 weeks of culture, samples were harvested 
and plated on cetrimide agar (Merck; cat. 5284), a Pseudo- 
monas-selective agar and on nutrient agar. Colonies from 
each plate were harvested and used as inocula without mix- 
ing the different cultures. These are defined as reconsti- 
tuted consortia. 

The enrichment culture of the crude and reconstituted 
consortia was continued on standard medium consisting of 
p-OOME, 0.25 g L -1 yeast extract and 1 g L -~ ammonium 
chloride. 

Test of the consortia activities 
After five successive cultures of 2 weeks, the consortia 
were tested for their ability to grow at 32~ on simple phe- 
nolic compounds in the following medium (gL-1): 
(NH4)2HPO4 1.0; KH2PO4 2.0; KzHPO4 3.0; MgSO4 0.5; 
MnSO4 0.05; CaC12 0.001; yeast extract 1.0; peptone 2.0 
and phenolic compound 2.0, pH 7.2. Five millilitres of each 
consortium preparation served to inoculate 50 ml of culture 
medium contained in 250-ml flasks. The cultures were 
shaken at 250 rpm for 1 week. The cell-free culture medium 
Was used as control. Aerobic degradation of the aromatic 
compounds was followed spectrophotometrically. The 
results are expressed as a percentage decrease in the optical 
density (OD) at the indicated wavelength corresponding to 
the maximal absorbance of the compound. The results were 
calculated using the following formula: 

(E~o - E~x) 
x 100 = % OD decrease (tx = 1 week) 

Eto 

Aerobic degradation of a mixture of seven phenolics by 
the consortia was also studied. The phenolic mixture con- 
tained (g L-l): gallic acid 1.0; p-coumaric acid 0.5; 3-hyd- 
roxybenzoic acid 0.5; cinnamic acid 0.5; protocatechuic 
acid 0.5; syringic acid 0.5 and p-hydroxyphenylacetic acid 
0.5, in the medium described above. The control consisted 
of uninoculated medium. The changes in composition of 
the phenolics after 1 week's incubation were determined 
by gas chromatography (GC). The results are expressed as 
a percentage of the residual concentration of each com- 
pound after 1 week of incubation. The concentrations were 
determined by GC analysis. The results were calculated 
using the following formula: 

100 
(C~o - C,x) 

Cto 
x 100 = 

% residual concentration (tx = 1 week) 

The final processing step consisted of aerobic incubation 
of the consortia with undiluted centrifuged OOME which 
was adjusted to pH 7.2 using 2 N NaOH. The changes in 
the monophenols in the culture medium were monitored at 
2-day intervals by GC analysis after extraction. The cell- 
free culture medium served as a control. 

Isolation and characterization of bacteria from 
consortia 
Aerobic growth in liquid culture was carried out on the 
selective medium (p-OOME supplemented with 0.25 g L -1 
yeast extract and 1 g L -1 ammonium chloride). It was fol- 
lowed by plating appropriate dilutions on solidified medium 
composed of (g L-l): trypticase, 15; soya bean peptone, 5; 
sodium chloride, 5; agar, 15; pH 7.2. The purity of each 
isolated strain was confirmed by streaking it up to five 
times. Morphological, biochemical and physical properties 
of the isolated strains were determined according to Mar- 
chale t  al [12]. 

Preparation of bacterial inocula 
To prepare an inoculum, each strain was cultured for 15 h 
in liquid medium containing (g L 1): trypticase, 15; soya 
bean peptone, 5; and sodium chloride, 5, pH 7.2. The OD 
at 650 nm of each culture was then almost 4, (average CFU: 
10 a cells ml-1). Bacterial biomass was harvested by centri- 
fuging the culture media at 8000 g for 15 rain and washing 
the pellet twice with physiological saline. The consortium 
was reconstituted by mixing the nine components. The 
resulting OD was almost 40. The inoculum was 10% (v/v). 
Cell numbers in cultures were determined microscopically 
using a Thoma cell. 

Activity of isolated bacteria on aromatic compounds 
and on OOME 
The isolated bacteria were tested for their activity towards 
simple phenolic compounds using the same medium, aro- 
matic mixtures and culture parameters described above for 
the test of consortia activities. Centrifuged OOME was used 
undiluted to test the activity of the isolated bacteria. Five 
millilitres of each bacterial inoculum or the bacterial mix- 
ture served to inoculate 50-ml portions of culture medium 
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contained in 250-ml flasks. The cultures were shaken at 
250 rpm for 1 week at 32~ The cell-free culture medium 
was used as control. The COD and the OD at 280 nm and 
390 nm were determined in the centrifuged culture media 
after appropriate dilution. 

Optimization of the nitrogen source for bacterial 
growth on OOME 
Optimization of the nitrogen source was carried out using 
a reconstituted consortium. The medium consisted of undi- 
luted OOME + 1 g L -1 yeast extract and variable concen- 
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trations of ammonium chloride or ammonium sulfate. Five 
millilitres of the bacterial mixture served to inoculate 50- 
ml portions of culture medium in 250-ml flasks. The cul- 
tures were shaken at 250 rpm for 1 week at 32~ The cul- 
ture medium without nitrogen source was used as control. 
Cell numbers in cultures were determined microscopically 
using a Thoma cell. 

Gas phase chromatography (GC) 
Simple aromatics were analyzed by GC in a gas chromato- 
graph (Shimadzu GC-9A). The phenols were extracted 
using ethylacetate/acetone (2:1) at pH 2.0. Two millilitres 
of the solvent were added to 1 ml of culture medium, centri- 
fuged and the organic phase was harvested. GC conditions 
were: column SE 30 (30 m length, 0.5 mm ID, methyl sili- 
cone in the solid phase, injection temperature of 280~ and 
detector temperature of 300~ carrier gas N2 
(60 ml min-~), split at 100 ml min -1 corresponding to a 
pressure of 1.2 kg cm -a, detector FID (H2 at 0.5 kg cm 2, 
air 0.5 kg cm-2), temperature gradient: 100 to 280~ (4~ 
rain-t), injection of 1/A of silylated sample. Silylation of 
the dried samples was carried out by incubation with 100/xl 
pyridine and 50/xl trimethyl silane at 60~ for 15 min. 

Test of the methanogenic activity 
The test adopted to evaluate anaerobic digestion of the 
crude and the pretreated OOME consisted of a semi-stirred 
system; serum bottles (500 ml) were stirred manually twice 
a day. The bottles were connected to a serum bottle liquid 
displacement system containing 1.5% NaOH (CO2 
absorption) for methane measurement. The digesters con- 
tained 200 ml autodigested seed sludge (sewage sludge and 
cow slurry) and 300 ml diluted OOME (3.5 g COD L-I). 
All experiments were carried out at 32~ and at an initial 
pH of 7.2. 

Results and discussion 

Culture enrichment 
The first step was the selection of aerobic consortia that 
were able to grow on pretreated OOME. The problem with 
conventional selection and isolation procedures is that these 
are designed to select single organisms capable of degra- 
ding a particular compound and, frequently, only proto- 
trophic strains are isolated [14]. For this reason, the enrich- 
ments were carried out using p-OOME supplemented with 
yeast extract and ammonium chloride. 

Growth in closed liquid culture, followed by plating ali- 
quots from appropriate dilutions on solid media, resulted 
in the physical separation of microorganisms [8]. The 
reconstituted and the adapted consortia showed different 
activities. The results obtained with 14 consortia, numbered 
1 to 14, are shown in Table 1. Four of the most interesting 
consortia were reconstituted (consortia 4, 7, 9 and 13) and 
offered additional possibilities of microbial degradation of 
aromatic compounds in OOME. 

Biodegradation of aromatic compounds 
The results presented in Table 2 show that the adapted 
crude consortia were able to catabolise each aromatic com- 
pound found in p-OOME aerobically. All aromatic c o m -  

pounds were susceptible to degradation by the selected con- 
sortia, suggesting the presence of natural aerobic 
microorganisms that could degrade monoaromatics. The 
decrease of the OD of the culture medium at 200-220 nm 
indicated the loss of phenolics. Microbial growth and 
decrease of total COD in the culture media indicated the 
consumption of aromatics by consortia (data not shown). 
We cannot however, exclude the possibility that the 
decrease of OD and COD were associated to some extent 
with adsorption of such material to cell surfaces. 

All the consortia were tested on a mixture of phenolic 
compounds in order to evaluate their total biodegradative 
potential. The GC analyses of aliquots determined after 1 
week of incubation showed the changes in the phenolic 
composition deduced from the GC spectra obtained with 
the most interesting cultures (Table 1). Only consortia 5, 
11, 13 and 14 achieved almost complete degradation of all 
components of the phenolic mixture. With other consortia, 
some peaks disappeared completely and smaller unidenti- 
fied peaks appeared. Furthermore, certain microbial con- 
sortia were unable to degrade all substrates completely. The 
inability to attack all aromatics could be due to the absence 
of the appropriate microbial strain(s), or it could be caused 
by inhibition due to the phenolic concentration (4 g L -1) 
which is very high, or even to more sophisticated aspects 
such as the lack of syntrophic strains. 

Biodegradation of OOME 
All consortia were active on aromatic compounds of 
OOME, giving rise to either partial or completebiodegrad- 
ation. The results reported in Figure 2 show a sequential 
degradation of phenolics by consortium 5 grown on undi- 
luted fresh OOME. The responses varied, but it is Clear that 
some compounds disappeared more rapidly than others. 
Due to the complex composition of OOME, the disappear- 
ance of the most important peaks shown with untreated 
medium could be obtained only after 2 weeks of incubation. 
Each consortium was unique in this respect. 

Even after 2 weeks of incubation, however, degradation 
of all the phenolic compounds was incomplete (as shown 
in GC spectra). Such materials may be inherently recalci- 
trant, but there is also the possibility that the existing 
environmental conditions were not sufficiently favourable. 
In the latter case, optmization of the culture parameters 
would be useful in order to improve the rate of phenolic 
degradation. 

Degradation of some aromatics in OOME by the aerobic 
consortia may remove the inhibitory effect of OOME on 
methanogenesis. Consortium 5 was particularly effective in 
this regard. The anaerobic treatment of OOME is the final 
objective of our interest. 

Anaerobic digestion in batch reactors was carried out 
using OOME treated with consortium 5. The reuse of the 
same sludge every 2 weeks to treat crude and pretreated 
OOME was studied. The results illustrated in Figure 3 show 
no inhibitory effect after up to three cycles with OOME 
treated with consortium 5, whereas the inhibition was clear 
in the untreated materials. This finding confirms the impli- 
cation of simple aromatics in the inhibitory effect of OOME 
and is in agreement with our previous results relative to the 
anaerobic digestion of OOME in UASB-like reactors. Our 
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Table 1 Aerobic degradation of monoaromatic compounds mixed in the mineral medium using the most interesting consortia 

Consortium New Per cent remaining after 1 week of: 
nnmber peak 

p-Hydroxyphenyl Protocatechuic Syringic p-Coumaric Gallic Cinnamic p-Hydroxybenzoic acid 
acetic acid acid acid acid acid acid 

159 

(Control) 0.0 100.00 100.0 100.0 100.0 100.0 100.0 100.0 
1 + 43.7 27.3 10.0 100.0 100.0 73.7 66.4 
2 0.0 0.9 1.9 13.5 11.0 8.1 6.8 9.6 
3 0.0 24.3 16.1 100.0 100.0 100.0 10.3 8.1 
4 0.0 0.0 0.0 100.0 9.3 6.3 5.7 0.0 
5 0.0 0.0 0.7 0.0 0,0 0.0 0.0 0.0 
6 + 24.9 6.8 5.2 30,2 7.9 0.0 4.7 
7 + 10.3 0.0 3.0 100.0 22.9 11.0 6.8 
8 + 0.0 0.0 100.0 0.0 19.6 0.0 11.7 
9 + 0.0 0.0 100.0 21.0 0.0 0.0 0.9 

10 + 0.0 0.0 100.0 100.0 0.0 0.0 4.1 
11 0.0 0.0 0.0 9.7 0.0 0.0 0.0 0.0 
12 0.0 0.0 0.0 17.3 0.0 0.0 0.0 0.0 
13 0.0 0.0 0.0 4.3 0.0 0.0 0.0 3.5 
14 0.0 0.0 0.0 1.0 0.0 0.0 0,0 8.1 

Consortia 4, 7, 9 and 13 were reconstituted. The results are expressed as a percentage of the residual concentration of each compound after 
incubation. The symbol + indicates the presence of an unidentified new peak that appeared in several cases. 

1 week of 

Table 2 Aerobic degradation of monoaromatic compounds by crude consortia after 1 week of incubation 

Inoculum Per cent decrease in OD (at wavelength) for: 
sample 

p-Hydroxypbenyl Gallic acid Syringic acid Protocatechnic acid p-Hydroxybenzoic acid Cinnamic acid 
acetic acid (258 nm) (262 urn) (250/287 rim) (270 urn) (270 nm) 
(276 nm) 

Soil I-1 84.6 31.9 22.6 74.4/46.6 60.3 92.3 
Soil 1-2 87.1 59.0 50.7 75.6/57.3 67.7 94.2 
Soil I-3 86.3 62.1 51.9 78.0/60.8 81.3 95.3 
Soil II-1 86.6 32.7 39.4 70.1/41.3 66.0 95.3 
Soil II-2 87.0 54.1 45.1 70.8/44.6 74.3 95.8 
Soil II-3 86.9 61.7 56.5 69.3/44.1 88.6 97.1 
Tan 1 68.2 39.8 94.3 70.3/33.8 61.4 94.7 
Tan 2 84.7 64.1 36.7 74.6/40.0 68.3 96.9 
Tan 3 85.0 62.8 96.1 76.3/39.9 87.1 97.0 
Mud 1 79.0 41.3 95.9 68.9/39.9 70.1 92.9 
Mud 2 88.4 58.6 91.7 64.6/38.3 84.4 96.3 
Mud 3 83.6 54.1 94.3 72.1/43.3 85.6 97.1 

The results are expressed as a percentage of the decrease in OD at the indicated wavelength, corresponding to the maximal absorbance of the compound. 
Soil I-l, Soil I-2, Soil I-3, Soil II-1, Soil II-2 and Soil II-3 indicate six different soil samples from a local eucalyptus field. Tan 1, Tan 2 and Tan 3 
indicate three different wastewaters from a local tannery factory, Mud 1, Mud 2 and Mud 3 are three different muds used for the selection of aromatic- 
degrading bacteria. 

resul ts  were  in acco rdance  wi th  those  o f  Boa r i  et al [4]. 
T h e s e  au thors  i m p r o v e d  the  anae rob i c  t r ea tmen t  of  O O M E  
in U A S B  reac tor  by  the  use  o f  acc l ima t i zed  s ludge  inocu-  
lum,  based  on  bu i ld ing  up  of  anae rob i c  mic rob ia l  popu-  
la t ions  able  to de toxi fy  the w a s t e w a t e r  by  m e t a b o l i z i n g  the  
inh ib i to ry  c o m p o u n d s .  

O f  grea te r  s ign i f icance  in the  cu r ren t  work,  as a resu l t  
o f  the  sepa ra t ion  o f  the  two s teps  o f  O O M E  t rea tment ,  was  
the  use  of  und i lu t ed  O O M E  for  ae rob ic  d iges t ion  w h i c h  is 
i m p o r t a n t  for  the  anae rob ic  t r ea tmen t  step, 

Bacterial isolates 
As desc r ibed  above ,  consor t i a  s h o w e d  h igh  act ivi t ies  
towards  f resh  und i lu ted  O O M E .  T he  reproduc ib i l i ty  of  
g rowth  m a y  be  p r o b l e m a t i c  due  to the  var iab le  c o m p o s i t i o n  

o f  O O M E  bu t  also the  var iab le  na tu re  o f  the inocula .  W e  
therefore  dec ided  to isola te  m i c r o o r g a n i s m s  f r o m  one  of  
the m o s t  ac t ive  consor t i a  (5 in Tab le  1), w h i c h  o r ig ina ted  
f rom a soil  sample .  Tab le  3 shows  the  m a i n  proper t i es  of  
n ine  bac te r i a  i so la ted  f r o m  this  consor t ium.  Six s t ra ins  were  
ob l iga te  aerobes ,  bu t  all were  ca t a l a se -nega t ive  and  oxi-  
dase -nega t ive ,  ind ica t ing  that  n o n e  cou ld  be  a Pseudo -  
m o n a s  sp. 

E n r i c h m e n t  us ing  a res t r ic t ive  m e d i u m  based  on  b iodeg-  
r aded  O O M E  is appropr ia te  for  i so la t ing  in te rac t ing  
mic rob ia l  c o m m u n i t i e s  able  to degrade  reca lc i t ran t  com-  
pounds  in such  a c o m p l e x  med ium.  Fur the rmore ,  there  is 
the  ques t ion  o f  wha t  e f fec t  o ther  o rgan i sms ,  se lec ted  also 
wi th  this  e n r i c h m e n t  p rocedure ,  m a y  h a v e  on  the  act iv i ty  
and  func t ion  o f  the  mic rob ia l  c o m m u n i t y .  Also ,  w h a t  
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Figure 2 Changes in phenolic substrates with time. Consortium 5 on 
OOME at days (a) zero, (b) 6 and (c) 15. No changes were observed in 
a control experiment carried out under the same conditions without 
microbial inoculum. Numbers indicate retention times (rain). 

effects do fluctuating environmental conditions have on the 
composition and structure of microbial communities? These 
will be quite difficult to answer because of technical diffi- 
culties in measuring the activity of one particular microbial 
community among a background of many organsims. 

Activity of isolated bacteria 
A mixture of the major monoaromatics of OOME was 
reconstituted and used for evaluation of the activities of the 
isolated bacterial strains. Table 4 shows the percentage of 
each residual aromatic calculated from peak area as 
obtained by GC analysis. Values less than 10 are from 
peaks that were considered negligible. Several strains were 
more efficient towards the total mixture than others, but 
gallic and caffeic acid were entirely degraded by all strains. 
The overall effectiveness of the combined strains was 
complementary since they displayed differential activities 
to specific aromatic compounds, and when mixed, resulted 
in almost complete degradation of these phenolics. 

As these strains can individually use a range of aromatic 
compounds, they should be further evaluated for their 
ability to grow on undiluted OOME. Despite the observed 
degradative ability on a range of aromatics (Table 4), the 
isolated strains were unable to grow individually on undi- 
luted OOME. No changes were found in the phenolic corn- 
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Figure 3 Methanogenic activity of the sludge in batch culture using (a) 
crude OOME and (b) pretreated OOME by consortium 5. Test of reuse 
of the same sludge in batch: ( - - [ ] - - )  first utilization, ( - - 0 - - )  second 
utilization and ( - 4 ~ - - )  third utilization. 

pounds via GC analysis. Even when mixed, significant 
growth was not detected. One possible reason is the lack 
of some growth factor(s). Since TKN in OOME did not 
exceed 1.2 g L -1, addition of a nitrogen source in the cul- 
ture medium was studied. By using an inoculum containing 
all nine strains, growth on undiluted OOME with two nitro- 
gen sources was evaluated (Table 5). The best bacterial 
growth was obtained with ammonium sulfate at 2 g L -I .  

These conditions may, however, be sub-optimal or non- 
optimal for individual strains. 

Reconstitution of the bacterial mixture was a difficult 
step, because it aimed to reproduce a bacterial population 
having the same function towards OOME. Thus, in the 
reconstitution, a dense inoculum of each strain was used. 
The best results were obtained when the inoculum was pre- 
pared as follows: the OD of the culture of each strain was 
3.54.5 (average CFU: 108 cells ml-1); the OD of the recon- 
stituted inoculum was 40; and further experiments used a 
10% (v/v) inoculum with incubation at 32~ for 1 week. 

Under these conditions, reconstituted consortia were able 
to give almost 50% reduction of the initial COD. This 
implies that synergistic interaction may help to overcome 
the toxicity of OOME. 

The optical density (260 nm) of the culture medium was 
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Table  3 General characteristics of the nine bacterial strains isolated from consortium 5 

Strain Shape Gram Aerobe Mobili ty on Fermentation of Nitrate Oxidase Catalase 
mannitol mannitol reduction 
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1 Rod + Obligate + - + 
2 Coccus - Facultative - - - 
3 Coccus + Facultative + - - 
4 Rod - Obligate - + (late) - 
5 Rod + Obligate + - + (late) 
6 Rod + Obligate - + (late) - 
7 Rod + Obligate + - - 
8 Coccus - Obligate - + + 
9 Rod + Facultative + - + (late) 

Tab le  4 Activity of the isolated strains towards monoaromatic compounds 

Strain Per cent remaining of: 

Gallic acid Caffeic acid Tyrosol Syringic acid p-Hydroxyphenol  p-Coumaric  acid Protocatechuic acid 
acetic acid 

1 0 0 0 0 5.3 0 0 
2 0 0 51.9 0 56.1 0 0 
3 0 0 92.6 69.2 92.8 67.2 24.6 
4 0 0 0 34.3 0 26.8 0 
5 0 0 0 35.4 90.9 30.1 0 
6 0 0 0 0 6.4 0 0 
7 0 0 0 0 0 16.6 0 
8 0 0 94.1 0 89.3 79.4 33.9 
9 0 0 0 74.8 90.2 22.9 0 
Mixture 0 0 0 3.7 2.9 3.8 0 
Control 100 100 100 100 100 100 100 

The results are expressed as a percentage of the residual compound. (0) indicates complete metabolism; ie the absence of a peak in the GC chromatogram. 

Table  5 Optimization of the nitrogen source using reconstituted con- 
sortia 

Ammonium sulfate Ammonium chloride cells m1-1 
(g L I) (g L -1 ) (x 10 7) 

0.0 0.0 0.02 
0.5 0.0 0.14 
1.0 0.0 3.00 
2.0 0.0 12.00 
3.0 0.0 4.00 
4.0 0.0 0.9 
0.0 0.5 0.5 
0.0 1.0 0.9 
0.0 2.0 2.0 
0.0 3.0 0.6 

reduced to 47% of the initial value, suggesting degradation 
of some aromatic compounds in OOME, which was con- 
firmed by GC analysis. Only 13% reduction in the optical 
density at 390 nm was obtained. This means that the cotour- 
ation of OOME as measured at 390 nm was unaffected. 
Presumably the consortium could not reduce and degrade 
the coloured compounds in OOME. The slight reduction of 
colouration may be simply explained by its adsorption to 
bacterial cells. 

It is noteworthy that this aerobic treatment step in OOME 

depollution did not need strictly controlled culture con- 
ditions, which is an important point in the economic evalu- 
ation of the final process. Moreover, the advantage of such 
a treatment is that OOME could be directly used without 
any dilution. That is a very important aspect in several 
Mediterranean regions producing large quantities of OOME 
as a by-product of the olive oil industry. 
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