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Treatment of Olive Oil Mill Wastewater With Fungi
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Abstract:: Olive oil mills produce a liquid waste called olive black water in the olive oil production
process. In this study, olive oil mill wastewater (OOMW) was analysed and  then treated aerobically
with fungi. Consequently, high chemical oxygen demand (COD), phenol and color reduction were
obtained. High biomass yields and laccase enzyme activities were also determined.
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Zeytinyağı Fabrikası Atıksuyunun Funguslarla Arıtımı

Özet: Zeytinyağı, fabrikaları, zeytin yağı üretim sürecinde zeytin kara suyu adı verilen bir sıvı atık
üretmektedir. Bu çalışmada, zeytinyağı fabrikası atıksuyu (ZYFA) analiz edilmiş ve daha sonra funguslar
ile aerobik olarak muamele edilmiştir. Çalışmamız sonucunda, yüksek kimyasal oksijen istemi (KOİ),
fenol ve renk giderimi elde edilmiştir. Yüksek biyokütle verimi ve lakkaz enzimi aktiviteleri de ayrıca
saptanmıştır.

Anahtar Sözcükler: Zeytinyağı Fabrikası Atığı, Fungus, Kimyasal Oksijen İstemi, Fenol, Lakkaz.

Introduction

Olive oil technology uses two methods for production of oil from olive fruit: the
discontinuous press process or the continuous solid-liquid centrifuge system. Wastewater with
a high pollution potential is produced whichever processing method is used (1). This olive oil mill
wastewater is called “Kara Su” in Turkey.

The annual olive oil mill wastewater production in Mediterranean countries is estimated to
be over 3x107 m3 (2). Biochemical (biological) and chemical oxygen demand of this waste may
be as high as 100 and 200 g/l respectively. The organic fraction includes some sugars, tannins,
polyphenols, polyalcohols, pectins and lipids (1). This waste is highly toxic because of its high
content of phenolic compounds. The phenolic content of this waste causes phytotoxic and
antimicrobial effects (3-5). Many phenolic and aromatic compounds have been detected in this



waste (6, 7). The dark color of this waste is caused by polyhenols (8). This color depends on
the age and type of olive processed and also the type of technology used.

The presence of this waste in rivers decreases the dissolved oxygen content but increases the
organic matter and K, Fe, Zn and Mn contents. Olive oil mill wastewater pollution also decreases
the fish population (9). Many studies have been carried out in order to degrade and use this
wastewater (10, 11).

Conventional wastewater treatment methods are relatively ineffective for removing these
kind of pollutants. New methods for the treatment of this wastewater must be developed, in
particular, by using the microorganisms.

White-rot fungi which produce highly oxidative enzymes, such as ligninase, phenol-oxidase
and Mn-peroxidase, are able to degrade lignin, phenol, various xenobiotics and environmental
pollutants (12-18).

The aim of this study was to determine the effect of various white-rot fungi and also a
brown-rot fungus Laetiporus sulphureus for reducing the polluting characteristics and the
phenol content of olive oil mill wastewater.

Materials and Methods

Organisms

Coriolus versicolor, Funalina trogii, Phanerochaete chrysosporium ME446, Pleurotus
ostreatus, Pleurotus sajor-caju, Lentinus tigrinus and Laetiporus sulphureus (brown-not fungus)
were used.

P. chrysosporium and P. sajor-caju were supplied by N. Kolankaya (Hacettepe University,
Science Faculty, Department of Biology, Biotechnology Section) C. versicolor, F. trogii, P.
ostreatus, Lentinus tigrinus and Laetiporus sulphureus were identified by M. Isiloglu (Muğla
University, Department of Biology).

The cultures were maintained by subculturing on sabouraud dextrose agar and were kept at
+4˚C for 2-3 weeks before use.

Preparation of Growth Medium

Filtered and sterilized (by autoclaving for 12 minutes at 120˚C) olive oil mill wastewater was
used as the growth medium with a pH of 4.9.

Preparation of Inoculum and Growth

Fungi, except P. chrysosporium, were cultured at 30˚C on sabouraud dextrose agar slants.
After 1 week of incubation, conidial suspensions were prepared and used for the preparation of
inoculum. 10 ml of the suspension was transferred into a 240 ml flask containing 100 ml
sabouraud dextrose broth + 2ml OOMW and agitated on a rotary shaker at 150 rpm for 4 days
at 30˚C. After incubation, the cultures were homogenized (Kinematic Polytron Homogenizer)
and used to inoculate fresh media.
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5 ml of homogenate was transferred into 250 ml Erlenmeyer flasks containing 50 ml of
OOMW media. Triplicate cultures were then incubated at 30˚C with agitation (150 rpm) for 6
days. The same experimental protocol was carried out for P. chrysosporium but at 40˚C.

Assay

Decolorization: Cultures were harvested and filtered through Whatman No:1 filter paper.
Filtered media were diluted 50 fold and their absorbance was recorded at 395 nm
(Spectrophotometer, UV/Visible, Phillips) (12).

Determination of total phenol content: Total phenol content was determined by
colorimetric assay as described by Yesilada et al. (1995) (12).

The amount of total and reducing sugars in the medium was measured using Anthrone and
DNS methods respectively (19, 20).

The determination of chemical oxygen demand (COD), total solid and volatile solid was
performed acoording to the standard methods (21).

The dry weight of fungal mass was determined by filtering the contents of each flaks
through preveighed Whatman No:1 filter paper and drying it to a constant weight at 65˚C (12).
Yields were expressed as g of biomass per 50 ml of culture.

Enzymatic assay: Laccase (O
2
: p-diphenol oxido-reductase E.C.1.10.3.2) activity was

determined by the oxidation of guaiacol and absorbance was read at 465 nm. The enzyme
activity was expressed in relative terms as colorimetric units (CU/ml) (15, 22).

Results

In this study, fresh OOMW without adding any organic or inorganic compounds was used. Its
chemical composition is shown in Table 1.

Figure 1 shows COD, total phenol and color removal obtained in liquid cultures of P. sajor-
caju. This fungus reduced COD, total phenol and color proportional to biomass production. After
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pH 4.91

Color (A 395) 32.5

COD (g/1) 28.2

Total phenol (g/1) 1.9

Total sugar (g/1) 12.6

Reducing sugar (g/1) 8.32

Total solid (g/1) 27.40

Volatile solid (g/1) 20.72

*Results are the mean of three replicates.

Table 1. Composition of OOMW
used in this study.



3 days of growth 60% COD, 81% phenol and 60% color removal were detected but later the
removal rates declined. High biomass yield was obtained after 3 days of incubation (0.616 g/
50 ml). 53% total and 74% reducing sugar was removed in 3 days (Table 2). The most relevant
reduction in total phenol content was observed in the early phases of growth and then declined,
as shown in Figure 1. This could be ascribed to the organic compound depletion of the liquid
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DAYS Total sugar Reducing sugar Laccase pH

(g/I) (g/I) (CU/mL)

0 12.62±0.127 8.32±1.4 0 4.91±0.05

3 5.98±0.567 2.19±0.026 4.22±0.04 5.78±0.15

6 4.64±0.177 1.97±0.038 2.15±0.12 5.45±0.05

9 3.64±0.045 1.93±0.049 1.43±0.032 5.48±0.08

12 2.44±0.087 1.76±0.044 0.53±0.11 6.01±0.3

15 1.93±0.134 1.76±0.076 0.22±0.09 6.03±0.11

Table 2. The total sugar, reducing
sugar, pH and laccase
activity change in P.
sajor-caju growth medi-
um.
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Figure 1. Typical culture profile of P. sajor-caju on OOMW during the agitated incubation.



medium, which occurred within the same period (Figure 1). This result is similar to previous
studies (12, 13, 23).

P.sajor-caju produced high laccase enzyme proportional to biomass production. The peak of
enzyme activity was reached 3 days after the inoculation (Table 2). This enzyme is an
extracellular enzyme (p-diphenol: oxygen oxidoreductase (E.C.1.10.3.2) which oxidizes a wide
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Figure 2. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).
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Figure 3. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).



range of phenols and aromatic amines (6). In the presence of an inducer, many white-rot fungi
excrete large amounts of laccase into the medium. Vinciguerra et al. (23) reported that olive oil
mill wastewater addition greatly enhances phenol-oxidase produciton.
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Figure 4. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).
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Figure 5. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).



COD, phenol, color, total, and reducing sugar removal ability and laccase acivity of fungi
other than a P. sajor-caju were also studied.

Attempts to find fungi able to reduce more COD, showed that the best results can be
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Figure 6. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).
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Figure 7. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).



obtained with C. versicolor, F. trogii and P.sajorcaju (63-70%). A relatively low level of COD
removal was obtained with P. ostreatus (17%) (Figure 2).

In every case, fungi induced a remarkable decrease in total phenol content (58-93%). The
lowest rate of removal was obtained with P. chrysosporium ME446 (58%) (Figure 3).

Fungi, especially, C. versicolor, F. trogii and P. sajor-caju were found to efficiently decolorize
the OOMW (63-73%). P. ostreatus exhibited low OOMW decolorization (32%) (Figure 4). This
fungus was not so effective in its clarifying action.

As shown in Figure5 and 6, fungi except P. ostreatus and Lentinus tigrinus, removed 63-
73% and 52-77% total and reducing sugar, respectively. High biomass yields and laccase
activities were also obtained (Figure 7 and 8).

Hence, of all the fungi assayed, C. versicolor, F. trogii and P. sajor-caju were found to be the
most suitable species for OOMW treatment systems.

Discussion

Pollution by OOMW is a crucial problem in the Mediterranean area. The COD and total phenol
content of this wastewater was 28.2 g/I and 1.9 g/I, respectively.

C. versicolor, F. trogii and P. sajor-caju showed higher removal potential than the other fungi
used.

The phenol removal which was proportional to the growth of fungi indicates its use a
primary carbon source (12). In the present study no carbon, energy and other, sources was
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Figure 8. COD, Phenol, color, total and reducing sugar removal (%), biomass yields and laccase activity of various
fungi after agitated incubation for 6 days (All symbols areresented in figure 2).



added to the OOMW. This is very important for biotechnology.

Furthermore, high laccase enzyme activity was determined in OOMW culture media with
these fungi. This suggests the possibility of using such an effluent to improve the production of
enzymes for biotechnological use (23). Reid and Paice (24) and Paice et al. (25) reported that
kraft pulp can be demethylized and bleached by pure laccase enzyme. It was previously reported
that pure laccase enzyme could be used in the application of enyzme immunoassay, laccase based
biosensors and also in the production of organic materials (26). It is also possible to transform
lignin-related compounds and dechlorinate a number of toxic polychorinated phenols and
guaiacols by laccase (27, 28).

We found that white-rot fungi could remove up to 93% of the phenols present in OOMW.
The wastewater was also clarified by this treatment. Sanjust et al. (6), Martirani et al. (29) and
Yesilada and Sam (30) reported that white-rot fungi removed phenols and induced a remarkable
decrease in toxicity. The high removal of phenolic compounds by the fungi used in our study was
important in this respect.

L. sulphureus, which is brown-rot fungus, was also found to have a high phenol removal
rate. This result showed that other brown-rot fungi may also be tested as potential waste
removal organisms in future studies.
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