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Abstract: In the present study a trial was carried out to develop a new biotechnique for removal some toxic
substances from edible oils as affected by deep-fat frying operation. Wastewater samples from Oil and Soap
Company was used as a source of oil using bacteria and very simple technique for treatment the deep-fat frying
oils with bacterial isolates was applied. A decrease m many toxic and/or carcinogenic compounds was observed
n treated oils included free fatty acids (FFA), peroxide value (PV), malonaldehyde (MDA) and benzo(a)pyrene
B(a)P contents by different rates. The rates of decreasing were increased with the increasing of oil
concentration in cultural medium of used bacteria up to 15%. Spectroscopic analysis showed that many
absorbance peales 3420, 3120, 1750 and 970-1000 nm have been disappeared which means the removal of many
corresponding toxic compounds included hydroperoxides, polymerization products, carbonyl groups or acids
and trans-ethylenic double bonds of fatty acids as the result of treatment by Bacillus firmus. Results suggested
that this biotechnique could be adequately coordinated with the commercial concern and the interests of

society or the administration, which aim to improve consumer safety.
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INTRODUCTION

Deep-fat frying represents an important method of
food preparation of daily dishes in different countries,
(mncluding Egypt), either in home or in restaurants. During
this process, several physical and chemical changes occur
i the frying oil that may adversely affect on nutritional
value and samitation of foods. These changes include
three  general chemical reactions may  occur
simultaneously: hydrolysis, polymerization and oxidation,
which produce a great number of potential toxic
decomposition products deposit on the surface of the
fryer and adsorbed by the food (White, 1991, Arroyo
et al., 1992, Cuesta et al., 1993 and Rabie and Hassan,
1996). Oxidation of hot frying fat is much more important
and results in rancidity, which result in undesirable and/or
off-flavor food. In this connection, interest in the effect of
malonaldehyde, one of the major products of the oxidation
of polyunsaturated fatty acids, on human health has been
reported by many authors that 13 mutagemic and
carcinogenic (Mukai and Goldstein, 1976; and Shamberger
et al., 1974). The mutagemcity of malonaldehyde has been
demonstrated by the Ames Salmonella revertant
procedure (Shamberger et al., 1979) while its
carcinogenicity was observed when painted on the skin
of mice (Shamberger et al., 1974).

Also, many authors have been paid more attention
towards the formation and/or contamination of cooking
oils with toxic and/or carcinogenic compounds. Amongst

of them, polycyclic aromatic hydrocarbons (PAH) form a
very extensive group of substances, which may constitute
a significant public health problem. Some substances of
this group such as benzo(a)pyrene have considerable
carcinogenic effects by extensive ir vivo and in vitro
studies (Harvey, 1985, Plakunov et al, 1987, Hawkins
et al., 1990; Elhassaneen, 1996; Elhassaneen, et af., 1997
and Elhassaneen, 2002). For human, one of the most
abundant food sources of PAH is vegetable oil
Elhassaneen and Shaheen (1998) reported that the levels
of B(a)P in deep-fat frying oil samples collected from the
Egyptian restaurant ranged 1.24-2.01 mg kg™ which
represent a rate of increasing 526.7% when compared with
the control samples. Also, Serag El-Din (2001) found that
the fresh corn oil contained 0.21 mg kg™ B(a)P, which
increased to 2.139 mg kg™ after subjected to deep fat
frying operation for 12 h.

All of these data indicated that some products
coming from oil degradation during frying and cooking
show some toxic and/or carcinogenic effects. These
harmful effects restricted the use of recycled cooking oils
in formulated feed for amimal production because they
poses some risks for animal health and, as a consequence
of bicaccumulation, for consumer health (Marquez-Ruiz
et al, 1992, Abed El-Rahman, 1994; Marquez-Ruiz and
Dobarganes, 1996 and Elhassaneen, 2002).

In the present investigation a trial was carried out to
develop a new microbiological technology for the partial
purification of frying oils which has been adequately
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coordinated with commercial concern and the interests of
society or the administration, which aim to improve
consumer safety. Also, the effect of this new technology
on the removal of some toxic, carcinogenic compounds
formed 1n edible oils as the result of deep-fat frymng
operation will be in the scope of this investigation.

MATERIALS AND METHODS

Preparation of deep-frying potato samples: Fresh potato
samples (Solauwm fuberosum, L.) were prepared by deep
fiying in corn oil at 185+5°C on a laboratory scale such as
described by Gordon and Kourimska (1995) as follow:
potato slices (¢ 350 g) were cut into pieces approximately
40-50 mm=10 mm and fried in a pan filled initially with corn
oil (4 litre). After heating the oil to 185+5°C the potato
slices were added and fried for about 10 mints. The o1l was
allowed to cool to room temperature after each day of
fiying operation. Seventy two batches were fried with the
o1l during a 6-day period (twelve batches/day) and
samples were removed for analysis at the end of fiying
operation. Tamia paste samples were prepared by deep
frying in comn o1l after cutting into pies approximately 5-7
cm by using the same previous method. Fresh oil was not
added between batches, oil samples were cooled to the
room temperature and used directly in microbiological
treatments.

Microbiological procedures

Sources of oil using bacteria: Wastewater samples were
collected from Oil and Scap Company of Sandoup,
Dakahlia Governorate coded as OSCS. Samples were
collected in one-liter sterile glass bottles for
microbiological examination. The examination procedure
was carried out according to the Standard Methods for
the Examination of Water and Wastewater (APHA, 1992).
The physico-chemical properties of this waste was
examined in our previous study (El-Fadaly et al., 2000).

Cultivation media for microbiology: The following
general and specific cultivation media were used for
different purposes according to the Bacteriological
Analytical Mamual for Foods (FDA, 1976). Tryptone
glucose yeast agar and nutrient agar (TGY and NA), were
used for 1solation and total counting of the microbial load
of the tested samples. Milk agar (MA), was used for
isolation and counting of proteolytic bacteria. Fuchsin
lactose agar (Endo C agar) was wed to detect the
bacterial members of the Enterobacteriaceae. Mannitol,
Sodium Chloride phenol red agar (MSC), was specifically
used for detection of Staphylococcus sp. Sabouraud
glucose agar medium (SGA) was selectively used for fungi
and yeast. Bactoagar F-medium (BFA) 1s recommended for

the detection of Pseudomonas spp. Nutrient agar
containing the olive o1l was used for isolation and
counting the lipolytic bacteria. The composition of these
culture media was described in Oxoide {1982)

Isolation of obtained microorganisms naturally occurred
in the wastewater containing oil: One ml sample of
examined industrial wastewater containing oil dispersed
in appropriate volume (9 ml) of distilled water and different
serial dilutions were made with vigorous shaking. One ml
sample was then taken and plated on different cultivation
media and appropriate periods of incubation at 37°C
according to the purpose required as mentioned above.
For isolation the o1l using bacteria, different serial
dilutions were made with vigorous shaking. One ml
sample was taken and plated on nutrient agar containing
1% olive o1l at 37°C for 48h. After the incubation period,
plates were flooded with concentrated Cu SO, solution,
Bluish green colonies Surrounded by precipitates were
detected as lipolytic bacteria (Mourey and Kilbertus,
1976).

Identification of obtained oil using bacterium: Preliminary
identification of the obtained isolate was achieved by
Gram reaction, spore formation, motility, capsule
formation, as well as the presence of water soluble
pigments. Further identification was also conducted
following the biochemical tests recommended by Sneath
et al. (1986).

Maintenance of selected strain: Selected bacterial strain
was maintained on nutrient agar (NA) slant at 5°C till use.
Prior to use, the microbal cultures were transferred to NA
medium and reincubated again at appropriate temperature
for 24 h. This process was repeated twice.

Inoculum preparation: Standard inoculum was prepared
of bacterial strain by scrapping the growth on slope agar
with 5 ml sterile distilled water and transferred into 50 ml
appropriate sterilized liquid culture in 250 m] Erlenmeyer
flasks which then allowed to grow for 24 h to obtain
abundant growth 5 x10°/ml to be suitable for inoculating
the fermentation media for a require purpose.

Fermentation medium: The fermentation medium was
prepared by mixing the tested o1l with mineral solution
containing (1 gl™): (NH,),S0,, K,HPQ,, KILPO4, MgPO,
and peptone 1n ratios of 5, 10, 15 and 20%. Erlenmeyer
flasks of 250 ml contaimng 100 m! o1l mineral medium then
autoclaved at 121°C for 20 min. after that, the experimental
flasks inoculated with 10% (V/V) of standard inoculum of
tested bacterial strain.
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Analytical methods

Infrared spectroscopy: Infrared spectroscopy for oil
samples were determined according to the method
described by Farag ef al. (1977). In brief, few drops of oil
samples, dissolved in pure-dry carbon tetrachloride, were
placed between sodium chloride plates and a slight
pressure was applied to obtamn a thin film. The sample
spectrums (IR) were recorded over the range 4000-600
cm™" using a Pye-Unicam double beam recording
spectrophotometer model SP 3-300 infrared spectrometer.

Chemical characteristics of deep-fat frying oils: Peroxide
value, free fatty acids and malonaldehyde content were
determined according to the methods of A.O.A.C. (1985),
Woyewoda ef al. (1986) and Pearson (1970), respectively.

Polycyclic aromatic hydrocarbons were extracted from
heated and deep-fat frying oils samples according to the
method mentioned in A.O.A.C. (1995). Throughout this
study a SP Thermo Separation Products Liquid
Chromatograph (Thermo Separation products, San Jose,
CA, TJSA) was used with a pump Consta Metvic 4100, a
Spectra Series AS100, Spectra System UV 1000 TTV/Visible
Spectrophotometer Detector and a PC 1000 system
software. A Hypersil BDS-C18, 5 gm (150 x 4.6 mm;
Alltech, Baltimore, USA) column was used for standard
and B(a)P samples. Benzo(a)pyrene, B(a)P standard
(S1gma Chemical Co., SL) was dissolved i mobile phase
at approximately 1 mg ml™ steck solutions. Standard
solutions made from the stock solutions contained
approximately 0.5 to | mobile phase. Retention time for
B(a)P standard were determined from the UV detector
using isocratic elution program mentioned by Alltech
Company catalog-400 (1997) as follow: mobile phase,
acetomitrile : water (75:25); flow rate, 1.0 mL min~" and
detector, UV at 254 nm.

RESULTS

Microbiological value of tested oil waste: The examined
waste containing o1l range of
microorgamsms showing high degree pollution of this
waste. As shown in Table 1 the values of the total
bacterial count was high being 186.6 cfu x10°/ml of the
tested waste using NA culture medium. This value
became higher in case of using TGY medium being 210.5
cfux10’ /ml. This may be explained by that this waste has
pH value 7.5 as shown in owr previously work (El-Fadaly
et al., 2000). The lipolytic bacteria showed to be the
highest group amongst the other tested bacterial groups

showed a wide

(Table 1). The same trend of results was previously
obtained by El-Fadaly et al (2000). Obtained results

Table 1: Microbiological values of waste containing oil

Colony forming unit
Media used* Examined microbes  cfux10°/ml
Nutrient agar medium (NA) Total count. 188.3
Tryptone glucose veast (TGY)
extract medium Total count 205.9
0il agar medium (0QA) Lipolytic bacteria 155.8
Milk agar medium (MA) Proteolytic bacteria 72.2
Starch agar medium (SA) Amylolytic bacteria 35.7
Bacto-agar F-medium (BF) Pseudomonas spp 175.6
Sabouraud glucose agar (8GA) Fungi and Veast 70.3 and 28.8

* The cormposition was as described in Orcoid (1982)

Table 2: Shape of bacterial isolates and their activities by means of MDA
and FFA obtained in cultivation medium containing tested potato
oil

MDA FFA
Tsolate no. Cell shape mg'kg umolelg
1 2 Spore former 0.210 22618
2 3 Spore former 1.076 241297
3 6 Short rod 1.927 24.4920
4 8 Short rod 0.016 33.992
5 10 Coccoid shape 0.195 25454
6 14 Short rod 8.635 24.689
7 15 Coccoid shape 0.351 25.883
8 23 Spore former 0.101 20.250
9 30 Coccoid shape 1.880 23.540
10 31 Spore former 0.156 35.958

proved that the survival of microorganisms in wastewater
varied according to the chemical composition, pH,
temperature and suspended organic mater. All of these
factors affect the microbial enzyme production. This may
be explained by the chemical constituents of this waste
saience the pH value in the neutral range which 1s suitable
for most orgamsms. Furthermore, the values of both
alkalinity and hardness are favorable for most microbes.
In addition, the values of sulfate, chloride and biological
oxygen demand (BOD) are also help the microbes to
survive in this waste (El-Fadaly et al., 2000). On the other
hand, both members of Enterobacteriaceae and
Staphylococcus spp. were not detected in tested samples.
This means that the conditions of this waste were not
favorable to grow and survive such these pathogenic
bacteria.

Examination of oil using bacteria: From the proceeding
Table, one can noticed that 155.8 isolates obtained from
tested waste were able to use o1l as a carbon source. A
screening program was carried out to select the most
potent isolates using o1l agar plates. Ten isolates only
showed a bluish green color around them. These ten
isolates were microscopically examined and obtained
results recorded mn Table 2. Of these 1solates, the spore-
forming bacteria showed to be 40% of the total isolate.
Either the short rods or coccoid shaped bacteria represent
30% of the total isolate.
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Table 3:  Morphological and biochemical characteristics of selected
bacterial isolate

Performed test 0SCS 23

Motility +

Spore formation +,E,C.SNS

Capsule formation -
Cram reaction +

Cell dimension (um) 0.9x3.0
Tolerance of Nacl (%0)
2.0 +
5.0 +
7.0 +
10.0 -
Temperature (°C): 5
10 -
30 +
37 +
50 +
55 +
65 +
Indole production -
VP -
MR +
Gelatin liquefaction +
Casein hydrolysis +
Starch hydrotysis +
Citrate utilization -
Propionate utilization -
Catalase production
Urease -
DNA ase -
Lipase +
Gas From glucose -
Water soluble pigment -
Growrth in N Broth at PH
5.7 -
6.8 +
Acid from Glucose +
Arabinose -
Kylose -
Mannitol +
Sucrose +
Lactose +
NO;-NO; -

E,Spore ellipsoidal C,spore center  SNS, Sporangium not swollen

Selection of the most potent isolate: Regarding the
activity of tested bacteria in using potato oil and the
ability to use it as C-source, an experiment was carried and
obtained data were also listed in Table 2. Both values of
free fatty acids (FFA) and malonaldehyde content (MDA)
were measured after 48 h incubation period in a medium
containing potato oil. From tabulated data, it could be
seen that the isolate No. 23 showed to be the most
effective 1solate in recycling the used oil. So thus
sporeformer isolate was selected for further study.

Identification of the most potent isolate: After the
microscopic examination, Gram-stain motility test, capsule
formation, cell dimension and spore formation were also
conducted. In addition, relying upon the standard
identification key of Sneath et al. (1986), it could identify
this isolate OSCS 23 as Bacillus firmus as recorded in

Table 3. El-Fadaly et al. (2000) isolated three strains of the
genus  Bacillus and three strains of the genus
Pseudomonas from the same source. Their results proved
the abilities of these strains to grow on oil containing
medium. These strains also showed high activities of

lipolytic enzymes.

Effect of bacteriological treatments on chemical
characteristic of tested oil: Results in Fig. 1 showed the
effect of bacterial treatments on the FFA of com o1l as
affected by deep-fat frying process for 12 h. From such
data it could be noticed that the FFA content of deep-fat
frying oils of heated, potato and tamia were recorded
0.831, 0.708 and 0.763 pg g’ oil, respectively. After
treated with Bacillus firmus, these values were decreased
by different rates ranged 5.05-45.13, 55.79-70.20 and 45.09-
51.64% (10% oil concentrations in medium), respectively.
These rates were increased with the increasing of oil
concentration n medium. When the o1l concentration was
15% the rates of decreasing were 25.78-50.18,30.22-70.48
and 20.32-64.35% for heated, potato and tamia deep fat
frying oils, respectively. Therefore, the highest rate of
decreasing i FFA content was recorded for potato
samples followed by tamia and heated samples,
respectively. Also, significant decreasing in FFA contents
were observed in all studied incubation periods. The same
behavior was relatively observed for PV (Fig. 2).

Bacterial removal of some toxic compounds from tested
oil: Some experiments have carried out to examine the
efficiency of removal of toxic and/or carcinogenic
compounds including malenaldehyde (MDA) and
benzo(a)pyrene [B(a)P] by tested bacterial strain. Results
in Fig. 3 showed the effect of bacterial removal treatments
on the MDA content of com o1l as affected by deep-fat
frying process for 12 h. From such data it could be noticed
that the MDA content of deep-fat frying oils of heated,
potato and tamia were recorded 8.933, 8.503 and 7.957
mg kg™, respectively. After treated with Bacillus firmus
these values were decreased by different rates ranged
31.31-56.81, 33.33-57.38 and 24.90-52.36% (10% oil
concentration in medium), respectively. These rates were
increased with the increasing of oil concentration in
medium. When the o1l concentration was 15% the rates of
decreasing were 45.18-65.12, 29.64-44.93 and 30.56-56.28%
for heated, potato and tamia deep fat frying oils,
respectively. Also, significant decreasing in MDA
contents were observed i all studied mcubation periods.
The same behavior was relatively observed for the other
toxic and carcinogenic compound 1.e. B(a)P as shown
Fig. 4. Tt is clear from such data that the hesitation
observed in the values of MDA and B(4)P may be due to
the growth of used bacteria in new medium containing
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Fig. 1: The effect of bacterial treatment on removal of the free fatty acids (FFA, umole/g oil) formed in corn oil as result
of deep-fat frying process for 1 2h*
*Potato slices (350 g) were cut into pieces approximately 40-50 x 10 mm while tamia paste were cut into discs
approximately 50 mm in diameter and fried in a pan filled initially with 4 liters corn oil. After heating the oil to
185+5°C the potato slices were added and fried for about 10 mm/batch. The o1l was allowed to cool to room
temperature after each day of frying operation seventy two batches were fried with the o1l during 6-day period
(twelve batches/day). At the end of frying operation, the rest oil was incubated with different bacterial isolates
for 24, 48, 72 and 96 h. After that the FFA content was determined such as described in material and methods
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Fig. 2: The effect of bacterial treatment on removal of the peroxides (PV, meg/kg) formed m com o1l as result of deep-fat

fiying process for 12h*

*Potato slices (350 g) were cut into pieces approximately 40-50 x 10 mm while tamia paste were cut into discs
approximately 50 mm in diameter and fried m a pan filled imtially with 4 liters corn oil. After heating the o1l to
1854+5°C the potato slices were added and fried for about 10 min/batch. The oil was allowed to cool to room
temperature after each day of frying operation seventy two batches were fried with the o1l during 6-day period
(twelve batches/day). At the end of frying operation, the rest oil was incubated with different bacterial isolates
for 24, 48, 72 and 96 h. After that the PV was determined such as described in material and methods

these toxic substances. Nevertheless, all values detected 1000 and 680-720 nm which means the formation of
for these parameters either up or down, they were mn the polymerization, carbonyl groups or acids, trans-ethylenic
area below the base line i.e. control samples. double bonds and c¢is isomer of fatty acids. After

bacteriological treatments by tested bactenal stramn for
Effect of bacteriological treatments on spectroscopic 24 h the peaks indicating the polymerization and carbonyl
analysis of tested oil: The spectra showed that the heated  groups or acids were removed. The same behavior was
control samples (Fig. 5) recorded bands at 3120, 1750, 970-  observed for the tamia samples such as shown in Fig. 7.
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Fig. 3: The effect of bacterial treatment on removal of the malonaldehyde (MDA, mg/kg) formed in corn oil as result of
deep-fat frying process for 12h*
*Potato slices (350 g) were cut into pieces approximately 40-50 x 10 mm while tamia paste were cut into discs
approximately 50 mm in diameter and fried in a pan filled initially with 4 liters corn oil. After heating the oil to
185+5°C the potato slices were added and fried for about 10 mm/batch. The o1l was allowed to cool to room
temperature after each day of frying operation seventy two batches were fried with the oil during &6-day period
(twelve batches/day). At the end of frying operation, the rest o1l was incubated with different bacterial isolates
for 24, 48, 72 and 96 h. After that the MDA content was determnined such as described in material and methods
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Fig. 4: The effect of bacterial treatment on removal of the benzo (&) pyrene [B(a)P, mg/kg] formed in corn oil as result of
deep-fat frying process for 12h*
*Potato slices (350 g) were cut into pieces approximately 40-50 x 10 mm while tamia paste were cut into discs
approximately 50 mm in diameter and fried in a pan filled initially with 4 liters corn oil. After heating the oil to
185+5°C the potato slices were added and fried for about 10 mm/batch. The o1l was allowed to cool to room
temperature after each day of frying operation seventy two batches were fried with the oil during &6-day period
(twelve batches/day). At the end of frying operation, the rest o1l was incubated with different bacterial isolates
for 24, 48, 72 and 96 h. After that the B(a) P content was determined such as described in material and methods

In related to potato samples (Fig. 6), the spectra of the
control samples recorded one band at 3420 nm more than
recorded in heated ones which means the formation of
hydroperoxide. After bacteriological treatments by
Bacillus firmus for 48 and/or 96 h the peaks indicating the
hydroperoxide and carbonyl groups or acids were
disappeared.

DISCUSSION

Deep-fat frying represent an important method of
food preparation of daily dishes either in home or in
restaurants. During this process, several physical and
chemical changes occur in the fiying oil that may
adversely affect on nutritional value and sanitation of
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Fig. 5: The effect of bacteriological treatments on the infrared spectroscopic analysis of com oil as affected by heating

process for 12 h

foods. These changes include three general chemical
reactions may occur simultaneously:  hydrolysis,
polymerization and oxidation, which produce a great
number of potential toxic decomposition products deposit
on the surface of the fryer and adsorbed by the food
(White, 1991; Arroyo et al, 1992; Cuesta et al., 1993 and
Rabie and Hassan, 1996). Also, some products coming
from oil degradation during deep-fat fiying show some
toxic and/or carcinogenic effects by using of in vive and

in vitro studies (Marquez-Ruiz ef al., 1992; Marquez-Ruiz

and Dobarganes, 1996; Abed El-Rahman, 1994 and
Elhassaneen, 2002). These harmful effects restricted the
use of recycled cooking oils mn formulated feed for animal
production as a consequence of bicaccumulation, for
consumer health. Therefore, many trials have been done
relating to the cooking oil recycling process but the field
of technology for the puntfication of cooking oils i3 not
well developed and the work that has been carried out has
not been adequately coordinated with commercial concern
and the mnterests of society or the administration, which
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Fig. 6 The effect of bactericlogical treatments on the infrared spectroscopic analysis of corn oil as affected by deep-fat

frying of potato for 12 h

aim to mmprove consumer safety (European Parliament,
2001; Farrag et al, 2001). Basically, the simplest
purification systems consist of agitating waste cooking
oils with water and then decanting and/or centrifuging.
This very simple procedure may be highly effective for
elimmating a large proportion of the water, which
accompanies these oils and also for eliminating solid
particles or impurities from the fried foods. However, it
obviously does not permit proper purification of the oil, as
the oil degradation compounds and liposoluble
contaminants are retained in the recovered (recycled) oil.

Nor have studies been conducted to assess the efficacy
of these purification processes on different components
of the waste cooking oil. It may be assumed that this
purification system might be sufficient for oils with only
slight degradation (not exceeding the limit of 25% Polar
compounds), but with highly degraded oils, this system
would not allow recycled oils to obtain rather demanding
minimum quality specifications (European Parliament,
2001).

In the present study a trial was carried out to develop
a new microbiological technology for the purification
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Fig. 7. The effect of bactericlogical treatments on the infrared spectroscopic analysis of corn oil as affected by deep-fat

frying of tamia for 12 h

of deep-fat frying oils which has been adequately
coordinated with commercial concern and the interests
of society or the administration, which
unprove consummer safety. Wastewater samples from Oil
and Scap Company was used as a source of oil using
bacteria and very simple  technique for oil
treatment with bacterial  isolates  was  applied.
Examination of the o1l treated with bacterial isolates by
chemical and physical procedures indicated that some
toxic and/or carcinogenic products coming from oil
degradation during deep-fat fiying were partially removed.
For examples, free fatty acids (FFA) which developed

aim to

in o1l subjected to heat as the result of hydrolysis, was
decreased (Fig. 1). Many studies were undertaken on
fat hydrolysis probably because of the ease of
measurement of free fatty acids, which arise from this
reaction (Rabie and Hassan, 1996, Elhassaneen and
Shaheen, 1998; Mohammed, 1999). Also, the same
behavior was observed for the PV (Fig. 2) which used as
a good parameter for lipid oxidation and rancidity
(Elhassaneen and Shaheen, 1998, Mohammed, 1999,
Serag El-Din, 2001). The primary products of lipid
oxidation are hydroperoxides which are generally referred
to as peroxides.
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On the other side, a decreasing in the malonaldehyde
content, one of the major products of the oxidation of
polyunsaturated fatty acids, m deep-fat frying oil after
treated with bacterial isolates was observed (Fig. 3). The
effect of malonaldehyde on human health has been
reported by many authors that is mutagenic and
carcinogenic (Murray ef af., 1993). The mutagemcity of
malonaldehyde has been demonstrated by the Ames
salmonella revertant procedure (Shamberger et al., 1979)
while its carcinogenicity was observed when painted on
the skin of mice (Shamberger ef af., 1974).

One of the most important evidence in the present
investigation was the decreasing in polycyclic aromatic
hydrocarbons (PAH) content of deep-fat frying oils as the
result of bacteriological treatments (Fig. 4). PAH form a
very extensive group of substances, which may constitute
a significant public health problem, as some substances
of this group such benzo(a)pyrene have considerable
carcinogenic effects by extensive experiments i vivo and
in vitro (Harvey, 1985; Plakunov et al., 1987, Hawkins
et al., 1990; Elhassaneen, 1996; Elhassaneen, et af., 1997
and Elhassaneen, 2002). Smokers are exposed to high
quantities of these hydrocarbons, as their concentration
i tobacco smoke 1s sigmificant. For non-smokers,
however, food constitutes the main cause of exposure to
PAH. One of the most abundant food sources of PAH is
vegetable oil. It 1s possible that the high levels of PAH in
vegetable oils are due to endogenous preduction via
pyrolysis of lipids, especially sterols (Shibamoto and
Bjeldanes, 1993; Furopean Parliament, 2001). Many
studies reported that frying, or deep-frying resulted in
negligible quantities of endogenous carcinogens, whle
exogenous treatment with flue gas increased the
hydrocarbons, especially benzo{a)pyrene (Fritz, 1972;
Elhassaneen, 1999; Mohammed, 1999, Serag El-Din, 2001
and Elhassaneen, 2002).

All of the previous data were confirmed by the
spectroscopic analysis of treated deep-fat frying oils with
bacterial 1solated. Infrared spectroscopy 1s of particular
value in the recognition of unusual functional groups and
in the study of fatty acids with trans double bonds
(Belton et al., 198%8; Lanser and Emken, 1988; Sleeter and
Matlock, 1989, Van de Voort et al., 1995 and Mosscba
et al., 1996). As the compounds formed during the
oxidation of fat change, it is possible using IR
spectroscopy to follow the cowrse of oxidation. The
disappearance of many absorbance peaks at 3420, 3120,
1750 and 970-1000 nm means the removal of many toxic
compounds  corresponding  to  these  including
hydroperoxides, polymerization products, carbonyl
groups or acids and trans-ethylenic double bonds of fatty
acids from the treated oils (Fig. 5-7). Many previous

studies indicated that the deep-fat frying of fat may
conwvert the naturally-occurring cis fatty acids to frans
analog which, do not function as essential fatty acids
(Elhassaneen and Shaheen, 1998; El-Shatai, 2000 and
Serag El-Din, 2001). Some researchers have found that the
trans fatty acids were not as effective as their cis analogs
in lowering blood cholesterol and fat rich in trans fatty
acids appeared to promote atherosclerosis (Ensminger
et al., 1994; Gutteridge and Halliwell, 1994 and Serag El-
Din, 2001).

In conclusion, the results of this mvestigation can
constitute a milestone toward the application of simple
economical techniques for removal of the toxic,
carcinogenic and mutagenic compounds formed in used
oil subjected to deep-fat frying operation for a long time
period. Tt may be assumed that this bio-purification
system might be partially sufficient for oils with hghly
degradation and would allow recycled oils to obtain rather
demanding minimum quality specifications.
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