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Abstract

Growth and polyphenol biodegradation by three microorganisms namely Geotrichum sp., Aspergillus sp. and Candida tropicalis
were studied on olive mill wastewater (OMW). These three microorganisms were selected for their tolerance to the polyphenols. The
biodegradation process of OMW was investigated in batch regime by conducting experiments where the initial concentration of chemical
oxygen demand (COD) was varied. Furthermore, some tests were performed to determine the most important nutrients necessary for
aerobic degradation of OMW. Average COD removals were 55.0%, 52.5% and 62.8% in wastewaters fermented with Geotrichum sp.,
Aspergillus sp. and C. tropicalis, respectively. The maximum removal of polyphenols was 46.6% (Geotrichum sp.), 44.3% (Aspergillus
sp.) and 51.7% (C. tropicalis). In addition, signi"cant decolorization was evident. ? 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The industry of olive oil extraction generates large
amounts of black olive mill wastewaters (OMW). This
wastewater has a high pollution power with biological
oxygen demand (BOD) values in the range of 89–100 g=l
(Rosario et al., 1999; Balice et al., 1990) and chemical oxy-
gen demand (COD) values in the range of 80–200 g=l (Bal-
ice et al., 1990). These values are around 200–400 times
higher than those of a typical municipal sewage (Cossu et
al., 1993). The annual OMW production in Mediterranean
countries amounts to over 3 × 107 m3 (Hamdi, 1993). The
organic fraction of olive mill waste includes sugars, tan-
nins, polyphenols, polyalcohols, pectins and lipids (Janer
del Valle, 1980). In addition, OMW contains remarkable
amounts of aromatic compounds which are also responsi-
ble for its phytotoxic and antimicrobial eDects (Rodriguez
et al., 1988).
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Because the content of these eHuents, the environmen-
tal problems and potential hazards caused by OMW had
lead many countries to limit their discharge and to develop
new technologies for reducing the polluting power, such as
chemical treatment (Chakchouk et al., 1994) and biological
treatment (Garsallah, 1994; Hamdi et al., 1991; Borja et al.,
1995; Beccari et al., 1996) which were recently investigated.
Several investigations have been carried out using mi-

croorganisms capable of growing aerobically on diluted
OMW in order to reduce the initial organic load and the
phenolic content (Hamdi et al., 1991; Garsallah, 1994; Borja
et al., 1995). In particular, the pretreatments of OMW with
Aspergillus niger (Hamdi et al., 1991), Aspergillus terreus
(Borja et al., 1995), Geotrichum candidum (Borja et al.,
1995), Azotobacter chroococcum (Borja et al., 1995) and
Phanerochaete chrysosporium (Gharsallah et al., 1999),
reduce considerably the COD and the total phenolic com-
pound concentration, which is responsible for its biotoxicity.
The aim of the present work was to evaluate the eDect of

the microorganisms namely Geotrichum sp., Aspergillus sp.
and Candida tropicalis on OMW biodegradation and to test
their capacity in reducing the organic and phenolic contents
of OMW.
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2. Materials and methods

2.1. OMW used

The original wastewaters used in the present study were
obtained from an olive oil production plant located in the
city of MeknJes-Morocco, which uses a traditional discontin-
uous process for extraction of olive oil. The samples were
collected in 2 and 10 l cans and refrigerated at 4◦C. Table 1
shows the physicochemical characteristics of the raw OMW.
Prior to use, OMW was centrifuged at 5000 rpm to remove
suspended solids.

2.2. Microorganisms

Strains ofGeotrichum sp. andAspergillus sp. were kindly
provided by Prof. A. Zaid (Faculty of Sciences, MeknJes,
Morocco) and C. tropicalis was isolated from OMW and
selected through its ability to grow on polyphenolic com-
pounds of OMW. C. tropicalis was identi"ed according to
Lodder and Kreger-van Rij (1952) method. All strains were
maintained on diluted OMW (50%)—agar slants and repli-
cated monthly.

2.3. Preculture

Two hundred and "fty millilitres Erlenmeyer Lasks con-
taining 40 ml of diluted OMW (40%) supplemented with
(NH4)NO3 (2 g=l) and yeast extract (1 g=l) were used.
The pH was adjusted to 5 before autoclaving. Twenty hour
shaken cultures (120 rpm) at 30◦C were used for inocula-
tion of the batch cultures at a rate of 5%.Geotrichum sp. and
Aspergillus sp. spores were obtained on solid media con-
taining diluted OMW (40%) supplemented with (NH4)NO3
(2 g=l), yeast extract (1 g=l) and agar (2%). The pH was
adjusted to 5 before autoclaving. After 1 week incubation
at 28◦C, 4 discs of 1 cm diameter were used as inoculum.

2.4. Fermentation test

Laboratory-scale experiments were carried out in 500 ml
Erlenmeyer Lasks which were "lled with 100 ml of OMW
diluted in distilled water in order to obtain the required con-
centration in the range of 30–120 g COD=l, then amounts
of (NH4)NO3 (2 g=l) and yeast extract (2 g=l) were added
as nutrients. The pH was adjusted to 5.5 with a 1 N NaOH
solution. The inoculated Erlenmeyer Lasks were incubated
at 30◦C for 48 h with C. tropicalis and at 28◦C for 1 week
with Geotrichum sp. and Aspergillus sp.
In order to evaluate the eDect of nutrient’s concentra-

tion, 100 ml of OMW were added in two 500 ml Erlen-
meyer Lasks with 40 g COD=l, one was inoculated with
Geotrichum sp. and the other with Aspergillus sp. The
same amount of OMW with a concentration of 60 g COD=l
was inoculated with C. tropicalis. (NH4)NO3, K2HPO4,
(NH4)2SO4 and MgSO4 were also added as nutrients
to make four mediums as follows: test 1: diluted OMW;

Table 1
Physical and chemical characteristics of OMW used in this studya

Parameters Values

pH 5.2
COD (g=l) 124
TS (g=l) 92.4
VS (g=l) 86.2
MS (g=l) 6.2
Ammonia (g=l) 0.15
Reducing sugars (g=l) 12.8
Total phenolic compounds (g tannic acid=l) 8.2
aCOD: chemical oxygen demand; TS: total solids; VS: volatile

solids; MS: mineral solids.

test 2: diluted OMW + (NH4)NO3 + K2HPO4 in order
to obtain a ratio of COD=N=P around 100=5=1; test 3: di-
luted OMW + (NH4)NO3 + K2HPO4 in order to obtain a
ratio of COD=N=P around 100=5=1 + (NH4)2SO4 (1 g=l);
test 4: diluted OMW + (NH4)NO3 + K2HPO4 in order to
obtain a ratio of COD=N=P around 100=5=1 + (NH4)2SO4
(1 g=l) + MgSO4 (0:5 g=l). For evaluating the agitation
eDect, 100 ml of diluted OMW were added in 500 ml Er-
lenmeyer at the suitable selected conditions. The system
was incubated under agitation (120 rpm). The evolution of
COD, biomass concentration and total polyphenols were
followed throughout the experiments. All tests were con-
ducted in duplicate and the results expressed as means.

2.5. Analyses

The analytical determinations were carried out on the cen-
trifuged liquid.
The characteristic parameters of the OMW: pH, COD, to-

tal solids (TS), mineral solids (MS), volatile solids (VS),
total phenolic compounds and ammonia nitrogen, were de-
termined as described by Rodier (1984).
The total phenol content was determined according to the

Folin–Ciocalteau method (Vazquez et al., 1974). Reducing
sugars were determined by the Miller (1959) method.
Determination of culture dry weight: the dry weight

of biomass was obtained by centrifuging culture samples
(10 ml) for 10 min at 5000 rpm, washing the cells twice
with distilled water, and weighing after drying the solids to
constant weight at 100–105◦C for 24 h.
OMW decolorization was determined according to the

method of Flouri et al. (1996). Tenfold diluted super-
natants were adjusted to pH 7.0 and their absorbances were
measured at 395 nm against distilled water using a spectro-
photometer.

3. Results and discussion

3.1. COD concentration e<ect

Tables 2–4 show the physicochemical characteristics
changes in OMW after incubation in the assays inoculated
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Table 2
pH, biomass concentrations and removal percentages of COD, total phenols and reducing sugars (with their 95% con"dence limits) of OMW fermented
with Geotrichum sp.

COD pH COD (%) Total phenols (%) Reducing sugars (%) Biomass (g=l)

30 7:5± 0:2 48± 3 33± 4 94± 3 9± 2
40 7:6± 0:3 47± 4 31± 5 92± 2 16± 1
60 6:8± 0:1 32± 4 34± 4 81± 4 11± 1
120 6:3± 0:2 11± 2 7± 4 74± 2 6± 2

Table 3
pH, biomass concentrations and removal percentages of COD, total phe-
nols and reducing sugars (with their 95% con"dence limits) of OMW
fermented with Aspergillus sp.

COD pH COD Total phenols Reducing sugars Biomass
(%) (%) (%) (g=l)

30 7:0± 0:5 40± 5 44± 4 94± 2 8:2± 0:1
40 7:7± 0:4 39± 2 33± 2 92± 1 12:8± 1:5
60 7:2± 0:2 32± 4 48± 3 84± 1 11:1± 1:5
120 6:8± 0:3 12± 2 6± 5 67± 2 7:6± 1:2

Table 4
pH, biomass concentrations and removal percentages of COD, total phe-
nols and reducing sugars (with their 95% con"dence limits) of OMW
fermented with C. tropicalis

COD pH COD Total phenols Reducing sugars Biomass
(%) (%) (%) (g=l)

30 7:1± 0:3 47± 5 53± 1 81± 3 6± 2
40 6:8± 0:2 53± 3 50± 2 87± 1 11± 1
60 6:6± 0:4 54± 4 58± 2 85± 1 12± 2
120 5:7± 0:4 18± 5 17± 2 83± 2 9± 2

with strains of Geotrichum sp., Aspergillus sp. and C. trop-
icalis. Results indicate that a direct eDect of COD concen-
tration on COD and total phenolic compounds removals
was observed: an increment of COD concentration lead to a
diminution of COD percentage and total phenol conversion.
The COD conversion varied between 10.7% and 47.5% with
Geotrichum sp., between 12.4% and 39.9%withAspergillus
sp., and between 18.2% and 50.3%withC. tropicalis. On the
other hand, a direct eDect of COD concentration on phenolic
compounds removal was also observed. The percentages of
total phenolic compounds removal decreased when the ini-
tial COD concentration increased. These data showed that
OMW could be treated under aerobic condition with high
COD removal after dilution. High COD content degradation
ePciencies were obtained at an initial COD concentration of
40 g=l for Geotrichum sp. and Aspergillus sp., and at 60 g
COD=l for C. tropicalis. The highest phenolic compounds
degradations were obtained for initial COD concentrations
of 60 g=l in the three cases studied.
The data obtained would suggest that OMW in high con-

centration had an inhibitory activity against microorganisms.
It was due to the presence of toxic compounds in the eHu-
ent such as tannins and simple phenolic compounds. Similar

Table 5
pH, biomass concentrations and removal percentages of COD, total phe-
nols and reducing sugars (with their 95% con"dence limits) of OMW
fermented with Geotrichum sp. for the four tests carried out

Test pH COD Total phenols Reducing sugars Biomass
(%) (%) (%) (g=l)

Test 1 5:3± 0:5 19± 3 13± 3 66± 3 9± 2
Test 2 6:4± 0:2 52± 2 36± 2 89± 2 16± 1
Test 3 7:4± 0:3 53± 5 50± 2 94± 2 11± 2
Test 4 6:2± 0:3 50± 3 39± 2 91± 3 11± 1

Table 6
pH, biomass concentrations and removal percentages of COD, total phe-
nols and reducing sugars (with their 95% con"dence limits) of OMW
fermented with Aspergillus sp. for the four tests carried out

Test pH COD Total phenols Reducing sugars Biomass
(%) (%) (%) (g=l)

Test 1 5:3± 0:3 17± 3 10± 2 56± 1 7± 1
Test 2 6:6± 0:2 41± 4 35± 4 90± 1 12± 1
Test 3 7:8± 0:2 51± 3 46± 2 94± 3 17± 1
Test 4 7:4± 0:3 42± 4 32± 3 91± 2 14± 1

results have been observed in both anaerobic digestion of
OMW (Hamdi et al., 1991; Garsallah., 1994) and aerobic
fermentation of OMW (Benitez et al., 1997).

3.2. Nutrients correction e<ect

The OMW does not generally contain suPcient N and P
for an adequate aerobic puri"cation process. An experiment
was, therefore, conducted to screen the most essential nutri-
ents necessary for aerobic microorganisms such as nitrogen,
phosphorous, and sulphate for an eDective aerobic biodegra-
dation of OMW. Four media were prepared (see the Materi-
als and Methods section). The aerobic treatability ePciency
of OMWwas examined at COD concentration of 40 g=l with
Geotrichum sp., and Aspergillus sp., and at 60 g=l with C.
tropicalis. Results are reported in Tables 5–7.
Practically, no biodegradation could be achieved when

OMW was not supplemented with nutrients. The COD re-
moval percentages of the media containing only OMW was
too low when compared with the removal percentages of re-
actors containing OMW+nitrogen+phosphorous+sulphate.
Furthermore, media containing OMW, nitrogen, phos-
phorous and sulphate (test 3) achieved the highest COD
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Table 7
pH, biomass concentrations and removal percentages of COD, total phe-
nols and reducing sugars (with their 95% con"dence limits) of OMW
fermented with C. tropicalis for the four tests carried out

Test pH COD Total phenols Reducing sugars Biomass
(%) (%) (%) (g=l)

Test 1 5:9± 0:3 26± 2 19± 4 80± 1 7:5± 1:3
Test 2 6:9± 0:3 51± 3 47± 3 83± 2 12:2± 0:7
Test 3 6:9± 0:4 56± 4 55± 3 84± 1 14:1± 0:8
Test 4 6:5± 0:5 55± 5 51± 3 85± 1 12:3± 0:2

removal value. This observation indicated the increased
performance of aerobic culture supplied with nutrients over
this medium. Therefore, it can also be concluded that an
aerobic degradation must be supplied with nitrogen, phos-
phorous and sulphate. Ranalli (1992) using three biological
preparations: SNDK, PSBIO, LLMO, indicated that ni-
trogen and phosphorous must be supplied at a corrected
C=N=P ratio of 100=16=1 to provide the best growth of
microorganisms.

3.3. Kinetics of biodegradation of OMW

The strains Geotrichum sp., Aspergillus sp. and C. trop-
icalis were grown on OMW under the suitable conditions
as determined above, under agitation, in order to follow the
evolution of diDerent parameters with the incubation period.
Fig. 1A–C shows the biodegradation and detoxi"cation of
olive mill waste during the growth of Geotrichum sp., As-
pergillus sp. and C. tropicalis, respectively.
The pH of the fermented OMWs was always much higher

than their initial values. The observed pH increase was due
to the consumption of organic acids such as lactic and acetic
acids present in the OMW (Ercoli and Ertola, 1983). The dif-
ference in growth between resting conditions and agitations
were not drastically with Geotrichum sp. and Aspergillus
sp., for which the "nal values of the diDerent parameters
(Fig. 1A and B) did not diDer much from those obtained
in resting conditions (Tables 5 and 6), however, the growth
of C. tropicalis was markedly favoured by incubation un-
der agitation (Fig. 1C compared to Table 7). C. tropicalis
reached the maximum growth rate only after 24 h, the COD
removal percentage determined on OMW inoculated by this
strains was 62.8%, while the total phenol content was re-
duced a 51.7% of its initial value. The treatment of OMW
with Geotrichum sp. allows to achieve maximum removal
percentages of COD and total phenolic compounds of 55.0%
and 46.6%, respectively, after 7 days of treatment; and "-
nally, using Aspergillus sp. the maximum removal percent-
ages of COD and total phenol obtained were 52.5% and
44.3%, respectively, after the same operation time.
In all cases, the coloration of OMW decreased markedly

after cultivation with the strainsGeotrichum sp.,Aspergillus
sp. and C. tropicalis, probably due to the degradation and=or
adsorption of some phenolic compounds on the mycellium,
these results were already shown by Hamdi et al. (1991).
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Fig. 1. Biodegradation and detoxi"cation of olive mill waste fermented
with Geotrichum sp. (A), Aspergillus sp. (B) and Candida tropicalis (C):
Percentage reduction of COD (�), reducing sugars ( ), total phenols
(4), and decolorization (•).

The results of this work are relatively similar to those
found by previous workers. For example, Borja et al. (1995),
obtained a 63.3% and 65.6% reductions in phenols and
COD, respectively, by using G. candidum. On the other
hand, Hamdi et al. (1991) reduced the COD by 52.5% using
A. niger in aerobic condition. Moreover, Saiz et al. (1992)
found a 43% reduction in phenol (after 90 days) using evap-
oration ponds. Furthermore, Israilides et al. (1997) found
COD and phenols reductions of 41% and 50% after 1 h of
electrolysis, respectively, while after 10 h of electrolysis the
reductions increased to 93% and 99%, respectively.
Strains of G. candidum (Borja et al., 1995), A. terreus

and niger (Borja et al., 1995; Hamdi et al., 1991) and
Candida (Garsallah, 1993), have been reported to carry out
degradation of phenolic compounds of OMW. Therefore,
there is great interest in the use of these strains for treatment
of phenolic-rich eHuents. As toxicity of OMW is espe-
cially caused by tannins and simple phenolic compounds,
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biological pretreatment is a potential detoxifying ap-
proach when considering the development of integrated
aerobic=anaerobic processes for OMW puri"cation. The
growth and detoxi"cation capacity of Geotrichum sp.,
Aspergillus sp. and C. tropicalis growing in OMW should
be advantageous to integrate biodegradation processes,
when anaerobic processes are used as second stage.
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