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Abstract:  The  ability  of  Rhodotorula  mucilaginosa 2 and Candida utilis in its free and immobilized cases
on  two  different  matrices  Ca-alginate  and  chitosan to treated industrial oil waste water were investigated.
R. mucilaginosa 2 and C. utilis were isolated from industrial oil waste water and identified morphologically
under light microscope (40X) and biochemically by using API 20 CAUX (bioMérieux) identification kit. Oil and
greases (O&G), chemical oxygen demand (COD), total dissolved solid (TDS) and electric conductivity (EC) were
estimated as indicator for treatment of industrial oil waste after 2, 4 and 6 days. The ability of R. mucilaginosa
2 for treatment oil waste water was higher than the ability of Candida utilis in which free R. mucilaginosa 2
gave degradation efficiency of removal of O&G, COD, TDS and EC were 50%, 70%, 30% and 8% respectively.
The efficiency of removal of oil, COD, TDS and EC by immobilized R. mucilaginosa 2on Ca-alginate was 60%,
77%, 37% and 14% respectively. On other hand the removal efficiency rate of oil, COD, TDS and EC by
immobilized cells on chitosan was 70%, 77%, 37% and 15% respectively. The removal efficiency of O&G, COD,
TDS  and  EC by  free  Candida  utilis  after 6 days of treatment were 21%, 54%, 12% and 16% respectively.
The efficiency of removal of oil, COD, TDS and EC by immobilized Candida utilis on Ca-alginate was 60%, 65%,
29% and 19% respectively, on the other hand, the removal efficiency of O&G, COD, TDS and EC by immobilized
Candida utilis on chitosan was 60%, 76%, 41% and 37% respectively. The results indicated that immobilized
substrate types was an important factor to affect degradation ability of R. mucilaginosa 2 and Candida utilis.
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INTRODUCTION Oil and its derivative from oil manufacturing plants

With industrial development, there is increase in the Disposal of this waste water into environment causes
amount of oil used, but various technical and management serious problems due to its high oil content, chemical
developments lag behind other reasons that are not oxygen demand (COD) and color. Microbial degradation
perfect and make a lot of oil into the water, forming of oil wastewater is a concern in recent years. A variety of
pollution. Treating oily wastewater sources is very broad, microorganisms such as bacteria, molds and yeasts, have
as the oil in the oil industry; oil refining, oil storage, been shown to be capable of completely degrading oil
transportation and petrochemical industries in the waste water [2- 6].
production process generate lot of oily waste water. Oily Mohammadreza et al. [7] study the enhancement of
waste water pollution is mainly manifested in the biodegradation of palm oil mill effluents by local isolated
following aspects[1] affecting drinking water and microorganisms as Aspergillus niger, Aspergillus
groundwater resources, endangering aquatic resources [2] fumigatus, Candida species, Fusarium species, Mucor
endangering human health [3] atmospheric pollution [4] species and Penicillium species.
affecting crop production [5] destructing the natural The use of native biomass (such as bacteria, yeast,
landscape and even probably because of coalescence of fungi and algae) for degradation of toxic compounds in
the oil burner safety issues that arise [1]. freely  suspended  state  is  limited  owing to their inherent

have received attention because of their widespread use.
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disadvantages such as small particle size, possible yeast isolates were determined respectively. The yeasts
clogging and low mechanical strength of the biomass [8]. were identified biochemically by using API 20 CAUX
Also biodegradation of oil by fungi Rhodotorula, (bioMérieux) identification kit.
Sporobolomyces, Aspergillus and Penicillium has also
been studied [9]. Immobilization of Yeasts in Different Matrices:

Immobilization of whole cells for the degradation of Preliminary experiments were performed to screen the
different compounds in wastewater has several different immobilization matrices efficiency for
advantages to provide stability; (1) high activity, yield degradation of oil in industrial waste water. Preparations
and good operational (2) to separate cell mass from bulk of beads using immobilization matrices like sodium
liquid for possible reuse [10], when immobilized microbial alginate were done according to the methodology
cells are used, the efficacy of biodegradation is often reported by Gummadi et al. [16]. Chitosan beads were
improved. Calcium-alginate (Ca-alginate) has been widely prepared according to the method of Barreto et al. [17].
employed for immobilization of enzymes or whole cells
since it is less toxic than synthetic polymers, easily gelled Calcium  Alginate:  2 gm of sodium alginate solution in
under mild conditions and inexpensive [11,12]. 100 ml (2%) was prepared and mixed with fungal

The performance of diesel oil degradation by suspension at a concentration of 1 × 10 cells ml . The
Candida tropicalis immobilized on various conventional sodium alginate filamentous fungi mixture was gently
matrices (sodium alginate, carboxyl methyl cellulose, dropped into 0.2 M CaCl  sterilized solution. The droplets
chitosan) and biowaste materials (wheat bran, sawdust, gelled in contacted with Ca  cations forming calcium
peanut hull powder) was investigated using the method alginate beads, the beads were cured in 0.2 M CaCl
of entrapment and physical adsorption, The yeast species solution for 2 h in room temperature to enhance their
immobilized in wheat bran showed enhanced efficiency in mechanical stabilities. The beads were separated from the
degrading diesel oil (98%) compared to free cells culture solution and washed twice with 200 ml of sterile distilled
(80%) over a period of 7 days [13]. water under agitation [16].

This study aimed to investigate the ability of
Candida utilis and Rhodotorula mucilaginosa 2 in free Chitosan:  Fungal  suspension   at   a   concentration  of
case and immobilized on two different matrices Ca-alginate 1 × 10 cells ml  was added to 30 ml of sterilized 2%
and chitosan to treated industrial oil waste water. chitosan solution prepared in 1% acetic acid at pH 7.5.

MATERIALS AND METHODS solution for coagulation and formation of the beads. After

Industrial Oil Waste Water: In the present study oil washed twice with 200 ml of sterile water under agitation
waste water collected from Tanta of oil and soap company [17].
El-Gharbia Governorate, Egypt. It produces oils, soap and
margarine, cosmetics, cleaning glycerol, oil paint and Effect of Different Incubation Period on Degradation of
derivatives of different variety of oil as well as the Oil Waste Water: After immobilization of fungi on the
production of fatty acids. two matrices, the oil waste water was added to flasks.

Isolation of Yeasts: Yeasts were isolated from industrial in shaking incubator at 120 rpm and 37°C for different
oil waste water. One ml of oil waste water sample was incubation times 2, 4 and 6 days [18].
added to 100 ml flask containing 10 ml distilled sterilized
water and shacked vigorously. Serial dilutions were Scanning Electron Microscopy: Scanning electron
prepared and 1 ml of the proper dilution cultured on microscope (SEM) was used to examine Rhodotorula
Sabouraud's dextrose agar plates, plates were incubated mucilaginosa 2 and Candida utilis immobilized on
for 48 hours at 37°C. The developed fungi were examined, calcium alginate [19]. Briefly, fungus biofilms (1 cm ) were
counted and identified [14]. fixed with 2.5% glutaraldehyde in phosphate buffer for 2

Identification of Yeasts Isolates: The yeast strains were point by polaron critical point drier, gold coated and
identified according to the method of [15]. Morphological viewed under scanning electron microscope SEM (Model
and physiological characteristics (such as surface JEOL, JSM-5200 LV) in SEM Unit in Faculty of Medicine,
characteristics, presences of ascopore formation) of the Tanta University.
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This mixture was added drop-wise into a 0.5 M KOH

30 min, the beads were separated from the solution and

Incubate yeasts immobilized beads mixture was incubated

2

h at room temperature. All samples were dried to critical
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Statistical Analysis: The results were statistically was 3200mg/l and 400.33 mg/l respectively, on other hand
analyzed by one way and Duncan analysis of variance TDS and EC decreased significantly and reached to 710
(ANOVA) to determine the degree of significance ppm and 2460 µs/cm respectively comparing to
between the treatments using SPSS 18 software. untreatment  which  was  970.22  ppm  and  2460 µs/cm.
Significance was set at P < 0.05 and all results were Fig. 5 and 6 illustrate the treatment of oil waste water by
triplicate [20]. immobilized R. mucilaginosa 2 on chitosan which the

COD and O&G decreased to 960 mg/l and 80.07 mg/l
RESULTS AND DISCUSSION respectively compared to untreated oil waste water which

Identification of Isolated Yeasts: Yeasts was identified TDS and EC decreased from 1200 ppm to 759 ppm and
biochemically by using API 20 CAUX (bioMérieux) 3633.33 µs/cm to 3076 µs/cm respectively.
identification kit. Yeasts isolate No.1 could ferment Fig.  7  showed  comparison  of  oil,  COD,  TDS and
arrange of sugar including D-glucose, glycerol, D-xylose, EC  removal  efficiencies  by  either  free   or  immobilized
D-maltose, D-sucrose, D-melezitose and D-rafinose, this R. mucilaginosa 2 and indicated that the efficiency of
positive result indicate that isolate No.1 was Candida removal  of  O&G,  COD,  TDS  and  EC by free cells after
utilis. Also yeast isolate No.2 could ferment sugars 6 days of treatment was 50%, 70%, 30% and 8%
including D-glucose, D- arabinose, D- xylose, D-sucrose, respectively. The efficiency of removal of oil, COD, TDS
D- maltose, D- galactose, D- trehalose, D- melezitose and and EC by immobilized mycelia on Ca-alginate was 60%,
D-rafinose, this result indicate that isolate No.2 was 77%, 37% and 14% respectively. On other hand the
Rhodotorula mucilaginosa 2. Carbon assimilation is an removal efficiency rate of oil, COD, TDS and EC by
important criterion in the taxonomy and identification of immobilized cells on chitosan was 70%, 77%, 37% and
yeasts which depends on organic carbon sources for their 15% respectively.
energy supply and growth. It is well established that the Our findings of the degradation of oil waste water
yeasts isolated employed different sugars as their main containing  high  concentrations  of  oil and COD by free
carbon and hence energy source. Despite the dentrimental R. mucilaginosa 2 were similar with those results in
effect of the genera Rhodotorula, they are carotenoid previous publications [22] which the R. mucilaginosa 2
biosynthetic yeasts easily identifiable by distinctive had  great  potentials  in  degrading  of  oil  and lipids.
cream coloured to orange, red, pink or yellow colonies Also results indicated degradation rates by immobilized
[21]. cells on Ca-alginate and chitosan were higher than those

Morphological characteristics such as colonial of free cells. This can be owing to that the calcium
morphology (colony shape, color and surface alginate  and  chitosan  acted  as  oil and COD adsorbent
appearance), vegetative morphology (cell shape and as well as immobilized carrier [18], also oil and lipids
arrangement)  and  ascospore formation are presented in internal diffusion and to the clogging of the alginate
Table 1. particles [23] so immobilized substrate types was an

Treatment of Industrial Oil Waste Water by Free and R.   mucilaginosa    2    and    the    viability      of     free
Immobilized R. mucilaginosa 2: Fig. 1 and 2 showed R. mucilaginosa 2 and immobilized on Ca-alginate  and
treatment of industrial oil waste water by free
Rhodotorula mucilaginosa 2, COD decreased and
reached to 640.33mg/l compared to untreated oil waste
water which was 1280 mg/l and O&G also degraded and
decreased from 260mg/l to 90mg/l, on other hand EC
decreased from 1110 µs/cm to 1020 µs/cm and TDS
decreased from 380 ppm to 290 ppm after 6 days of
incubation cells with industrial oil waste water. in free and immobilized cases on Ca-alginate and chitosan

Fig.   3    and    4    showed    ability    of  immobilized to treatment industrial oil waste water was studied, which
R. mucilaginosa 2 on Ca- alginate to treatment of oil O&G, COD, TDS and EC were decreased gradually by
waste water which the COD and O&G decreased and increasing incubation periods 2, 4 and 6 days. The highest
reached lower value after 6 days of incubation which was degradation rate was after 6 days of incubation in free and
1280 mg/l and 92 mg/l comparing to untreatment which immobilized cases. 

was 3200 mg/l and 360 mg/l after 6 days of incubation but

important   factor    to    affect    degradation  ability   of

chitosan  over  period  of  6  days. The R. mucilaginosa 2
immobilized on chitosan was found to be more stable and
retained maximum viability compared to sodium alginate
and free cells [13].

Treatment of Industrial Oil Waste Water by Free and
Immobilized Candida utilis: The ability of Candida utilis
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Table 1: Morphological characteristics of yeasts isolates

Colony shape and color Colony surface Cell shape and arrangement Ascospore formation Identity

Creamy Smooth and flat Ellipsoidal Cells and multipolar budding + Candida utilis
Pinkish Smooth and flat Ellipsoidal cells and singly budding - Rhodotorula mucilaginosa 2

Fig. 1: Degradation of COD and O&G in industrial oil waste water by free R. mucilaginosa 2 under different incubation
periods

Fig. 2: Degradation of EC and TDS in industrial oil waste water by free R. mucilaginosa 2 under different incubation
periods

Fig. 3: Degradation of COD and O&G in industrial oil waste water by immobilized R. mucilaginosa 2 on Ca-alginate under
different incubation periods
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Fig. 4: Degradation of TDS and EC in industrial oil waste water by immobilized R. mucilaginosa 2 on Ca-alginate under
different incubation periods

Fig. 5: Degradation of COD and O&G in industrial oil waste water by immobilized R. mucilaginosa 2 on chitosan under
different incubation periods 

Fig. 6: Degradation of TDS and EC in industrial oil waste water by immobilized R. mucilaginosa 2 on chitosan under
different incubation periods
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Fig. 7: Oil, COD, TDS and EC degradation efficiency by free and immobilized R. mucilaginosa 2

Fig. 8: Degradation of COD and O&G in industrial oil waste water by free Candida utilis under different incubation
periods

Fig. 9: Degradation of EC and TDS in industrial oil waste water by free Candida utilis under different incubation periods
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Fig. 10: Degradation of COD and O&G in industrial oil waste water by immobilized Candida utilis on Ca-alginate under
different incubation periods

Fig. 11: Degradation of TDS and EC in industrial oil waste water by immobilized Candida utilis on Ca-alginate under
different incubation periods

Fig. 12: Degradation of COD and O&G in industrial oil waste water by immobilized Candida utilis on chitosan under
different incubation periods
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Fig. 13: Degradation of TDS and EC in industrial oil waste water by immobilized Candida utilis on chitosan under
different incubation periods

Fig. 14: Oil, COD, TDS and EC degradation efficiency by free and immobilized Candida utilis

Fig. 15: Scanning electron microscope of R. mucilaginosa 2 immobilized Ca- alginate (a) and C. utilis immobilized on
Ca- alginate (b)
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Fig. 8 and 9 sowed the ability of free C. utilis to without wash-out; and (4) the catalytic stability of
treated oil waste water which the COD decreased from biocatalysts as well as the tolerance against toxic
3202mg/l to 2559.7 mg/l and O&G degraded and reached compound can be improved [11, 25].
to 236.33 mg/l comparing with untreated oily waste water
which was 517.33 mg/l, also TDS and EC decreased from Scanning Electron Microscopy: Fig 15 showed the
700 ppm and 1340 µs/cm respectively to 616.67 ppm and scanning electronic micrographs of Rhodotorula
1123.33 µs/cm. Also Fig. 10 and 11 showed that the mucilaginosa  2  cells  impeded  on  immobilized  matrix
immobilized C. utilis on Ca- alginate had the ability to Ca- alginate  and  Candida utilis cells also impeded on
degrade O&G and decrease COD which oil decreased from Ca-alginate.
517.33 mg/l to 180 mg/l and COD decreased from 3202 mg/l
to 1280.33mg/l, also TDS decreased from 700 ppm to CONCLUSIONS
493.33  ppm  and  EC  decreased from 1340 µs/cm to
1076.67 µs/cm after 6 days of treatment. It   can    be    concluded    from    the     results   that

Fig. 12 and 13 illustrate the ability of C. utilis R.  mucilaginosa 2  and  Candida  utilis had the ability
immobilized on chitosan to treatment oily waste water for treatment of industrial oil waste water. The
which COD decreased from 3202 mg/l to 1280 mg/l and degradation rate by immobilized R. mucilaginosa 2 and
O&G decreased from 517.33 mg/l to 123.67 mg/l, also TDS Candida utilis on Ca- alginate and chitosan was higher
decreased from 700 ppm to 413.33 ppm and EC decreased than degradation rate by free suspended cells. The ability
from 1340 µs/cm to 1046.67 µs/cm after 6 days of treatment of R. mucilaginosa 2 to treated oil waste water was higher
of oily waste water. than treatment using Candida utilis.
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