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ABSTRACT

A number of industrial organizations create oil-containing wastewater. As of yet, a valid method for biologi-
cally treating these wastewaters has not been developed. The development of microbial cultures for use in a biol
actor could, therefore, provide effective treatment of these wastewaters. In this study, the degradation of a mixtu
consisting of machine, olive, sunflower and soybean oil by microorganisms with lipolytic activity was studied.

Firstly, bacterial cultures were isolated from wastewater containing oil. The effectiveness of these cultures wa
assessed in terms of their efficiency to remove machin€itibbacter freundiiwas found to be the most effective
in removing 68% of the soybean oil, 55% of the olive oil, 47.5% of the machine oil with an initial concentration of
0.8% (w/v), and 51.2% of the sunflower oil with an initial concentration of 1% (w/v). The total initial inoculum
concentration was approximately 20%8u/ml and the shaking rate was 120 rpm for each oil.

This culture removed oil from both the oil mixture prepared in the laboratory and wastewater collected from &
meat combine plant, at rates of 68.5% and 69%, respectively.

Keywords: Wastewater treatment, Biodegradation, Plant oils, Mineral@itspbacter freundii

Citrobacter freundii ILE YAGLARIN BIODEGREDASYONU
Oz
Csitli endistriyel kurulglar yag iceren atik sular olgururlar. Bu y& iceren atik sularin biyolojik aritimi icin
henliz tam bir aritim teknolojisi ggirilmemistir. Bir biyoreaktorde kullanilmak Gizere mikrobiyal kilttrlerin geli
tirilmesi bu tip atik sularin etkili bigekilde aritimini sglayacaktir. Bu ¢agmada atik sularda bulunan makingiya

zeytin ya|, aycicek yd@ ve soya ygindan olgan ya& karsiminin lipolitik aktiviteye sahip mikroorganizmalar ta-
rafindan parcalanmasi inceletmi

Bakteri kilttrleri, y& iceren atik sulardan izole edildi ve bu kulttrlerin etkinlikleri makingryaparcalama
yeteneklerine gore belirlendi. Saf kiltirler arasinda en etkili Glemobacter freundii %00.8 balangi¢c konsantras-
yonuyla soya yaini %68 oraninda, zeytin §ai %55 oraninda, makina & %47.5 oraninda, aycicek yal ise
%1 balangic konsantrasyonuyla %51.2 oraninda parcalamer yas icin kiltirtin toplam bgangi¢ konsantras-
yonu 20x10 cfu/ml ve calkalama hizi 120 rpm idi.

Bu kaltdr, laboratuvarda hazirlargryag karsimini ve et kombinasi fabrikasiningy&eren atik suyunu sira-
siyla %68.5 ve %69 oraninda parcakgtmi
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1. INTRODUCTION and stored on nutrient agar (Oxoid) slopes.

Fats and olls are essenial triglycerides consisting of straight-chai Bacterial isolates were selected according to their
fatty acids attached, as esters, to giycero Thefattyacidcorrponents%P"ity to grow on machine oil as carbon and energy
edible fats andoiIS\’/ary cmsiéerably Théycandiffer in chain length sources. Conical flasks (250 ml) containing the growth
may be saturated or unsaturated and contain an odd or even nurmb dlilurrr: (100 dml) and 0.7 ghmacg_ine oil We_re_prepfrﬁd.

: : . 1n all the studies, a growth medium consisting of the
{ﬂg@;}gﬁ&ﬁgﬂﬂ%@ggﬂg&?ﬁﬁﬂg&?ﬁ salts; (NH),SO; 0.2%, KHPQ;, 0.3% and KHPO; 0.1
traps, causing frequient problems. If present in excessive amounts % and adjusted to pH 7 were used. The flasks were
myimaferevwmmicrobidogical processes atwastewater reammenfiitoclaved at 121°C and 1.1 atm pressure for 15 min
plants and lead to decreased efficiency, or even complete faiure of prior to inoculation. The flasks were inoculated (ap-
freatment. WWhen discharged into the er’wironment they may CaLuseﬂ%oximately 16 cfu/ml) with pure cultures. The flasks
formation of surface fims and shoreline deposis and lead to environ. Vere othen placed on an orbital shaker (150 rpm) at
mental polution (Wakelin and Forster, 1997: Keenan and Sabelniko?8+1 °C for 7 days.
2000; Scholz and Fuchs, 2000). . o . . .

The identification of microorganisms was carried

Thedisposalofvvasteoilsfromcommerceandindustryhastra—OUt using the Biomeriux (Vitek_ GN Micr_oplates) and
diionally involved incineration or consolidation. The environmental  Bergey’s Manual of Systematic Bacteriology (Krieg
impact of these methods has prompted the investigation of bioreme-and Holt, 1984).
diation technologies as an alternative form of treatment. Bioremedia- o ] .
tion has been shown to be both more environmentally acceptable and2 Determination of Oil Quantity
economically competitive than established methods of waste disposal
(Benntham et al, 1997). Currently, two primary bioremediation ap- Oil analysis was carried out by partition-
proaches are used to degrade fats and olls in wastewater. The first ugggivimetric method. A 100 ml sample was acidified to
enzyme preparations, primariy lipases that can hydrolyze fatsand olpH 2.0 with 1:1 diluted HCI and then transferred to a
to fatty acids and glycerol. However, fatty acids tend to form micelles-separatory funnel. Qil was then repeatedly extracted
colloidal particles that may aggregate and precipitate from solutions with 30 ml portions of n-hexane (Merck) / methyl-tert-
during environmental changes. These then again cause sloggingin butyl ether (Merck) [80/20 (v/v)], until the aqueous
drains, grease traps, and treatment tanks. The second approach, biophase showed no oil layer and the solvent phase was
logical augmentation, utiizes the addition of ive microbial cellsto ~ clear. Following this, the combined solvent extracts
wastewater, which not only hydrolyze fats and diis tofatty acids and were evaporated at 85 °C and cooled in a desiccator
glycerol, but also metabolze them further to carbon dioxide and watefor at least 30 min before being weighed. The amount
(Wakelin and Forster, 1997; Keenan and Sabelnikov, 2000). of oil present in the sample was calculated using the

following equation: mg oil and grease/L=(A-B)

Microbial cells are protected from the environment by their cell .1000/mL sample, where A= total gain in weight, mg,
envelopes and thus have a greater tolerance to extreme environmeri flask tare, mg (APHA, 1992).
changes encountered in food-processing faciliies compared with en-

Zyme preparation. In addition, microorganism preparations are less " i i
expensive and more stable than enzymes and they can also reprodt%g Determination of L ipaseAdivity
themselves at the waste sites (Keenan and Sabelnikov, 2000). : o o
The lipase activity of the bacterial isolates were
; . determined by the “Opacity Capacity in Deep Culture
mly;mmmg@g%@; gaatratn:n\t/va&pgogr echnique” modified for bacteria (Topal et al., 2000).
erly devised treatment processandﬂeapproprialeseleéﬁonofbact -9 determine lipolytic activity in cultures a lipase me-
strains, itwil be possile to not only reduce grease and ol content in lum containing 0.5% peptone, 0.3% yeast extract and
wastenater o a level acoentable to local wastewater management 1% agar was used. The medium was autoclaved at 121

authoriti o °C for 15 min under 1.1 atm pressure. Tributyrin
fies, but aiso offer the complete efmination of them. (Sigma) sterilized by membrane filtration was added

(0.1 % v/v) to the medium after first cooling to 60 °C.
The tributyrin medium was then homogenized for 8
min and distributed into test tubes, which were left to
2MATERIAL ANDMETHOD permit solidification. Agar blocks were aseptically cut
. . I . . from the nutrient agar cultures with a sterile drill and
211 Ilation, Sdedtion and | dentificetion of Oil-Degrading  added to the tubes. After incubation at 30 °C for 5 days
Microorganism the tubes were evaluated according to their opacity
depths (mm).
In order to isolate a bacterium degrading oil, sam-
ples from the municipal wastewater treatment plant24 Daemination of Bactarid Protan
were passed aseptically through a tenfold dilution of
disgillated water to yield final concentrations 'of'3_10 Bacterial protein in cultures was determined ac-
10°. Plates were then prepared from each dilution (¢4 4ing to the “Stickland Method” (Giirgiin and Halk-
ml) in PCA (Oxoid) medium and incubated at 28+1°C 5 " 7988). For the purpose of this, a 30 mL sample
for 24 h. Discrete colonies were picked from each plate, ;¢ centrifuged at 4500 rpm for 15 min. Supernatant
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was then removed and the pellet was suspended in 6.Bharmsthiti, 2002). The most consumed oil types in
ml water. 1.2 ml of 20% NaOH was added and boiled Turkey are sunflower, soybean and olive oil, as well as
for 5 min. After cooling 0.2 ml of 25% CuSQ5H,0 machine oil. These oils in wastewaters have created
was added, thoroughly mixed and centrifuged (3000problems in wastewater treatment plants. Thus, in this
rom for 15 min) after being kept at room temperaturestudy, different types of oils (sunflower, soybean, olive
for 30 min. The absorbans of supernatant was measand machine oil) were selected.
ured at 545 nm in an UV visible spectrofotometer (Ce- : :
cil 4000, England). The protein quantities equivalent tOTabIel.Aigglr;mdpermmcedmbaamal

. , using machine olls.
the values of the absorbans measured were determined
via standard curve obtained using 20% human albumin

immuno (Baxter AG, Austria) as standard protein. Isoates ~ Gram ~ Morphologcal ~ Degraded oll
reaction properties (%)
25, Optimization of Degradation Conditions A2 + coccus 37
Fat and oil biodegradation were examined using A7-1 ) rod 8
different initial concentrations of inoculum (4x10 A8 - COCCUS 30
20x10 cfu/ml) and concentrations of oils (4-12 g/L),
at different pH (4-9), temperature (20-35°C) and shak- A10 - rod 42
ing rates (static-180 rpm).
All - rod 22
26. Application for Biodegradation of Oil in an Industrial A22 - rod 2
Westewater C2 + rod 20
Industrial wastewater sample was obtained froma C4-1 - rod 13
meat combine plant's wastewater. The wastewater had
an oil concentration of 92 mg/L. Under the optimal &2 - rod 16
conditions determined, the microorganism was inocu- H1 ) rod 43
lated (20x16 cfu/ml) in 250 ml conical flasks contain-
ing 100 ml of wastewater and the oil biodegradation H3-1 - rod 8
process was repeated.
H4 - rod 13
3 RESULT AND DISCUSSION Initial oil quantity: 7 g/L
Thirty-eight strains were isolated from wastewater iig| inoculum concentrations of between 4%10

treatment pools, including a variety of ails. Since the >0y1F cfu/ml were studied. As a result, all of the oils
degradation of machine oil is more difficult to achieve \\ore degraded over 45% at the inoculum quantity of

than the degradation of vegetable and animal oils, alboy1F cfu/ml. These rates were found to be 47.5%
isolates were evaluated in respect of their ability 1051 204 55%, 68% for machine, sunflower, olive and

degrade machine oil. Twenty-six of the isolates Weresoyhean oil, respectively (Figure 1). The results indi-

unable to degrade machine oN.comparison of per-  caieqd that the degradation rate of oils increased with
formance of the other twelve cultures, using machingnqo augmentation of the inoculum concentration.

oil, is shown in Table 1. H1 and A10 had significantly
higher growth or higher oil degrading capacities than
those of the others. These bacteria were identified ac-
cording to Bergey’'s Manual of Systematic Bacteriol-
ogy (Krieg and Holt, 1984). These isolates had the
properties ofCitrobacter freundii (Table 2). It was
found thatC. freundiihad lipolytic activity and its li-
pase activity was determined as 30 mm opacity depth
by the “Opacity Capacity in Deep Culture Technique”.
In similar studiesAcinetobactersp., Acetobacter cal-
coaceticusl g, Alcaligenessp., Bacillus subtilis Bog,
Corynebacteriunsp., Pseudomonasp., Pseudomonas
aeruginosd.s,, Rhodococcusp.,Rhodococcus rubta
Nocardia amaraeand Microthrix parvicella Caseo-
bacter sp., Candida rugosa Aeromonas/Vibriospp.
have been used as biodegrading cultures for corn,
olive, linseed, coconut, rapeseed and sunflower oils
(Del Rio et al. 1990; Wakelin and Forster, 1997;
Keenan and Sabelnikov, 2000; Mongkolthanaruk and
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Table 2. A comparison of the H1 and A10 wih freundii
according to Bergey’'s Manual of Systematic Bacte-

riology (Krieg and Holt, 1984).

Properties H1 and C. freundii
Al0
Gram reaction - -
Citrat (simmons) + +
Lactose fermentation + D
Metil red + +
Voges proskauer test - -
H,S production + [+]
Urease - D
Inositol - -
Arabinose + +
D-glucose + +
Maltose + +
Xylose + +
Esculin hydrolysis - -
D-sorbitol + +
Ornithin decarboxilase - [-]
D-mannitol + +
Adonitol - -
Arginine - D
Sucrose + D
L-rhamnose + +
Oxidase - -
Raffinose + D
Lysine - -

+: Positive; -: Negative; D: % 26-75 positive; [+]: %76-89

positive; [-]: % 11-25 negative
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Figure 1.The effect of initial inoculation concentrations on
oil degradation by. freundii[Oil concentration 7 g/L,
pH 7, temperature 28+°C, shaking rate 120 rpm, time
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7 days].

The types and amount of oil in wastewater differ
depending on the industrijowever, the determination
of the oil concentration with the highest biodegrada-
tion rate is important in order to maintain treatment
processes. Therefore, the range of oil concentration
was selected as 4-12 g/L through consulting other
studies. When oil concentration is over 8 g/L, reduc-
tion at the biomass is usually observed. There is no
documented evidence available on oil's direct toxic
effect on the microorganism. However, we do know
that oil covers the water’s surface and can decrease the
entry of oxygen. Thus, bacterial growth decreases
when oxygen concentration decreases in wastewater
(Qasm, 1994; Mongkolthanaruk and Dharmsthiti,
2002). In our study, the optimal initial oil concentra-
tion was determined as 8 g/L. After a 7-days incuba-
tion, the biomass quantity in the medium with soybean
oil was higher than that of the other oils. As a result, it
was concluded that. freundiicould degrade soybean
oil more easily than other biodegrading cultufiesy-
ure 2).
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Figure 2. The effect of initial oil concentration on growth of
C. freundii[Cell concentration 20xf@&fu/ml, pH
7, temperature 28+2C, shaking rate 120 rpm,
time 7 days].

The medium pH plays an important role during oil
degradation. Keenan and Sabelnikov (2000) reported
that the pH of a bakery plant’'s wastewater was 4.7 be-
fore treatment process and after adjusted to pH 7.2, an
important reduction was observed at the COD. Tan and
Gill (1987) declared that neutral pH was the best con-
dition for biomass increase and oil degradation. In this
study, the pH values were set between 4-9 in the ex-
periments so as to best determine the effect of pH on
the oil degradation. The results showed that at the near
neutral pH values, as was previously mentioned, the
oil degradation was at the highest degree. The opti-
mum pH values for oil degradation were determined as
pH 7 for soybean and sunflower oil, while pH was 6
for olive and machine oil (Figure 3).
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Figure 5. The effect of shaking rate on growth @f
freundii. [Cell concentration: 20x£0cfu/ml, oil
concentration: 10 g/L (sunflower oil); 8 g/L (olive,
machine, soybean oilpH: 6 (machine, olive oil);
pH: 7 (sunflower, soybean oil), temperature°G)
time 7 days].
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Figure 3 The effect of pH on growth of. freundii.[Cell
concentration 20x£0cfu/ml, oil concentration 10
g/L (sunflower ail); 8 g/L (olive, machine, soy-
bean oil), temperature 28+C, shaking rate 120
rpm, time 7 days].

In most studies up to the present, a 30 °C incuba-
tion temperature has frequently been chosen for oil
biodegradation (Tan and Gill, 1987, Wakelin and
Forster, 1997). For the purposes of this study, it was
decided to investigate the effect of temperatures be-  ynder the optimum conditions determined, during
tween 20 °C and 35 °C. As a result, the best biomasghe degradation experiments of seven days, biomass
increase and oil degradation were estimated at 30 “Gncrease became the greatest after five days for each
temperature (Figure 4)C. freundiiis a mesophylic  type of oil, with the exception of machine oil. The deg-
bacterium, therefore it shows optimal enzymatic activ- radation process for machine oil was determined at the

ity at ambient temperatures.
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Figure 4 Theeffect of incubation temperature on growth of
C. freundii.[Cell concentration 20xf0cfu/ml, oil
concentration 10 g/L (sunflower oil); 8 g/L (olive,
machine, soybean oilpH 6 (machine, olive oil );
pH 7 (sunflower, soybean oil), shaking rate 120
rpm, time 7 days].

The shaking process homogeneous dispersion of
the oils in the water, and thus increases the likelihood
of contact occurring between the oil and the organism.
As a result of experiments being conducted at different

shaking rates (0, 120, 150, 180 rpm), while 120 rpm
shaking rate was seen to be the most suitable for all th
oils, the other shaking rates were found to be ineffi-
cient for biomass increase (Figure 5). At shaking rate
of over 120 rpm, foam forming may prevent the dis-
solving of oxygen. In aerobic biodegradation of or-
ganic substances, the amount of dissolved oxygen is
importance. However, becauSe freundiiis a faculta-
tive aerobe bacterium, a low shaking rate was suffi-
cient for the oxygen requirements of this study.

SbaC

highest degradation ratio after four days, but generally
the degradation ratio was low when compared with
that of the other oils (Figure 6). The lipids present in
the wastewater, such as machine oil, show significant
differences in physical and chemical properties when
compared with common edible fats and oils such as
olive, sunflower and soybean oils.
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Figure 6.Determination of appropriate time for oil removal
with C. freundii. [Cell concentration 20x£0
cfu/ml, oil concentration 10 g/L (sunflower oil); 8
g/L (olive, machine, soybean oipH 6 (machine,
olive oil); pH 7, (sunflower, soybean oil), tem-
perature 30°C, shaking rate: 120 rpm, time 7
e days].

One of the methods commonly used to monitor
terial growth is to determine the protein content of
bacterial mass. Therefore, the protein content of bacte-

gial mass was established throughout the incubation

period, and an inverse ratio was found to exist between
the bacterial growth and oil degradation (Figure 7).

This finding indicates that the bacterium used oils as a
carbon source. A variety of oils are present in waste-
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water, each having different properties. Under the op-Giirgiin, V. and Halkman, A K. (1988jikrobiyolojide Sayim

timal conditions, a comparison of the mixed oils [ma- YontemleyiGida Teknolojisi DergeYayin no7, Ankara,

chine oil (0.2%), sunflower oil (0.2%)oybean oil 61-70

(0.2%) and olive oil (0.2%)] degradation performance

is seen in Figure 7. Initial oil quantity decreased ac-Krieg, R. N. and Holt, J.C. (1988krgey's Manual of Systematic

cording to the day of incubation. At the end of twelve Bacteriology\Vol. 1, pp. 409-598, Wams & Wikins, Bal-

days, 68.5% of the initial oil was degraded. However, timore .

after six days the degradation ratio was seen to be less.

It was found that under the optimum conditions (initial Keenan, D.and Sabelnikov, A. (2000). Biological Augmentation

inoculum concentration 20xi@fu/ml, pH 7, tempera- Eliminates Grease and Oil in Bakidastewater. Wat. Env.

ture 30 °C, shaking rate 120 rpm) the wastewater from Res72,141-146.

the meat combine plant containing 92 mg/L initial oil

concentration was degraded by 69% within five days. Mongkolthanaruk, W.and Dharmsthiti, S. (2002). Biodegradation of
lipid-ich wastewater by a mixed bacterial consortinter-
national Biodeterioration & Biodegradati&@®(2), 101-105.

Qasm, S.R. (1994)/astewater Treatment Plants Planning, Design
T and Operatiorpp. 390-450, Lancaster, PATechnomic Pub.
1 Co.

Scholz, W. and Fuchs, W. (2000). Treatment of Oil Contaminated
Wastewater in a Membrane Bioreabdater Researc®,
3621-3629.

Oil Quantity (gL
O P N W A 01 O N 0 ©

Protein Quantity (ng

T | Tan, KHand Gil, C.O, (1987). Utiization of substrates during batch
R 0 growth of Pseudomonas fluorescens on oliviyalied Mi-
crobiology and Biotechnolog$s, 443-446.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day
, _ Topal$S., Pembedi, C., Borcakl, M., Batum, M. and Celtik, O.,
=~ Oil —+—Biomas (2000). Tirkiye'nin tarmsal mikoflorasinin endistriyel
Oneme sahip baz enzimatik aktivitelerinin incelenmest- I: ami-

Figure 7. Determination of appropriate time for mix oil re- laz, pri “ipaurk J. Bil 24, 7093,

moval with C. freundii. [Cell concentration

20x1CG cfu/ml, mixed oil concentration machine ) L. .
oil (0.2%), sunflower oil (0.2%), soybean oil Wakein, N.G.andForster, C.F,, (1997). An Investigation into micro-

(0.2%), olive oil (0.2%) temperature 3G, shak- bial removal of fats, oils and greaBisresource Techné,
ing rate: 120 rpm, time 13 days]. 37-43.
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4. CONCLUSION
The use ofC. freundiiin the treatment of waste-

water containing lipid was formulated under the de-
termined optimal conditions, with the results showing
that bacterium degraded soybean oil at the high ratio
It reduced the oil-mix and the wastewater from a meat
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results show tha€. freundiican be applied to waste-
water containing miscellaneous oils, as a recourse fo
its treatment.
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