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The object of this investigation apart from the recognition of the role of fatty acids
is the production of arachidonic acid and its extraction from Mortierella alpina as the main
source from powdered wasted bread which might be regarded as a good source of nitrogen
and carbon for this microorganism. M. alpina was cultivated on a medium containing bread
waste, soyabeen oil, emulsifier and mineral salts, with an initial pH of 6.5 and incubation
period and temperature of 10 days at 12 °C respectively. It is expected to produce oil and
arachidonic acid in respective order of 13.23 and 6.72 (g/L) after optimization of growth
conditions and ingredients present in the media. The average efficiency of the oil produced
from biomass was 63.54 % where the arachidonic acid (37.6 %) was the predominant fatty
acid followed by palmitic (18.6%), oleic (12.72 %) and y- linolenic (5.9 %) in respective
decreasing order. Isolation of the nonsaponifiable matter of the produced oil followed by the
extraction of sterol and tocopherol fractions separately indicated the presence of cholesterol,
desmosterol, condisterol, 24- methyl desmosterol, 24- methylen cholesterol, lanosterol in the
sterol fraction and alpha and gamma tocopherols in equal quantities in tocopherol fraction.
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Researchers have presented wide
varieties of investigations concerned with the new
sources of oils and fats due to higher demands to
supply the increasing population of the world as
well as needs to concentrate on the quality of the
oil produced®2. Fungi and yeasts might be able to
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produce high levels of fat and oil which in term of
quality might be compared to vegetable and fish
oils*>.

Human milk contains DHA® and ARAZ®
which both play important roles in infants nerves
system in addition milk might be enriched with
these fatty acids in order to improve its quality
and consequently this has affected the 1.Q® of the
infants as suggested by Davies and Kyle 7%, It is
well known that ARA and DHA contribute to the
growth and rebuilding of tissues®*, therefore,
interests hasbeen increased concerning Mortierella
alpina, one of the most industrial oleaginous
microorganism that produces oil where the
arachidonic acid isthe predominant fatty acid'?®3,
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However due to the high cost of produced oil by
Mortierella alpina, researchers are trying to
produce oil using different and less expensive
medium. It has been indicated that Mortierella
species might be able to use different sources of
carbon, namely, maltose, lactose, glucose, soluble
starch, glycerol and sodium acetate as the main
energy sourceto produce oil knowing that glucose
might be considered as the main carbon source
for optimization of both biomass and oil
production'*®5, In similar research work, it was
conducted that glucose and yeast extract might
be considered as the best carbon and nitrogen
source to produce oil. Polymers of glucose
namely, starch and dextrin was also effective to
act as carbon source in oil production?. In order
to decrease the cost of the finished product,
compost and sunflower seed oil was employed to
cultivate M. alpina, although the nutrientsin the
compost that used by this fungi were not
specified” !, Park et al.'® indicated that
replacement of yeast extracted by soya meal as
the nitrogen source hasimproved theyield of ARA
which might be due to feather like morphology of
M. alpinain this medium.

Result from the previous research has
shown that the enrichment of the medium with
flour and vegetabl e oil enablesimproved growth
and consequently increase the production of
M.alpina?. Soyabean oil, a popular vegetable
oil with its particular resistance to pH was
employed to carry out the research work?.
Bajpai has suggested a process for the
production of ARA where a medium containing
glucose, soyaflour and inactivated baker’s yeast
extract was employed. The results have been
shown that after 65.5 h incubation a biomass
(22 g/L) and ARA (2.3 g/L) were obtained. It
was observed that the species tends to grow in
the form of the pellet which is a disadvantage
due to the growth rate and decreased yield of
ARA?2, The medium suitable for the growth of
M. alpina must contain sources of carbon,
nitrogen and organic salts. Source of carbon and
nitrogen might increase the price of the media
or finally the finished product, thereforeitisthe
object of this investigation to replace some
carbon sources (glucose) with less expensive
material (powdered waste bread) containing
sufficient concentration of carbon.
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MATERIALS AND METHODS

Microorganism and culture condition
M. alpina CBS 343/66 was obtained
from the Fungal and Yeast Collection of the
Institute of Royal Netherlands Academy of Arts
and Sciences and was maintained on potato
dextrose agar slants at 4 °C and transferred every
3 months. Potato dextrose broth was employed as
inoculums and was prepared in 500 mL baffled
flasks containing 100 mL medium. The culturewas
grownfor 3daysat 26 °C with shaking at 150 rpm.
Cultureswereinoculated with 10 % (V) inoculums
and incubated on a shaker for 10 daysat 28 °C or
12 °C and 150 rpm. All medium componentswere
separately heat sterilized (121 °C) by autoclave.
The medium contained (g/L): glucose 100, yeast
extract 11, KH,PO, 3.8, NaNO, and MgSO,.7H,0
0.5%. The mycelium was harvested by vacuum
filtration, washed by distilled water and freeze
dried.
Analytical methods
Biomass concentration was determined
gravimetrically. Total lipids were determined by
hexane extraction at 40 °C. Fatty acids methyl
esters were prepared according to the method
recommended by the American Oil Chemist's
Society (AOSC); Ce 1-62%. Fatty acids were
analysed by the application of the methyl esters
using by GC- MASS according to the method
described by Eroshin et al.®. Fatty acid
composition was used to determination theiodine
value or degree of unsaturation by the following
formula:
Degree of unsaturation = 1(% of monoene) +
2 (% of diene) + 3 (% of triene) + 4(% of tetraene)
+ 5 (% of pentaene) + 6 (% of hexaene)®
(1)
Lovibond apparatus was employed to
determine the red, yellow and blue colors of the
extracted oil according to the standard AOCS;
Cc13e-92. The nonsaponifiable matter of the ail
was isolated by saponification of the oil with
alcoholic potassium hydroxide followed by the
extraction of the nonsaponifiable matter with ether
according to AOAC method; 933.08%”. The Non
saponifiable matter of the oil was fractioned into
different classes of compounds on 0.5 mm
thickness of silicagel G type 60 plates devel oped
inhexane: ether (4:1) and finally sprayed with 0.01
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% rhodamine 6G in ethanol and visualized under
UV lamp. The sterols fraction was firmly
identified, removed from the plate and extracted
by ether and finally applied to GC-MASS
apparatus according to Cunha et al.,?.
Saponification number was calculated from fatty
acid composition according to AOCS method; Cd
3-252). Phosphorus representing the concentration
of phospholipid was measured according to the
method presented by Hudson and Ghavami®.
Induction period of the extracted oil, representing
it's resistant to oxidation was determined by
Metrohm Rancimat model 743 apparatus
measuring the secondary oxidation products of oil
and fats at 120 °C. High Performance Liquid
Chromatography was employed to identify and
qguantify tocopherols according to Barnes and
Taylor®, Sterols and fatty acid methyl esters
standard, were purchased from Sigma chemical
company of USA. Solvents and other chemicals
used where purchased from Merck chemical
company of Germany.
Satistical analysis

In this study, the Taguchi method and
Qualtek4 were used to find the optimal condition
for growth of M. alpina®.

RESULTS AND DISCUSSION

Selection of appropriateand inexpensive sour ce
of carbon

In order to select proper source of carbon
initial assessment were madeto evaluate cornflour,
sucrose, date extract and powdered waste bread to
replace glucose and soya flour originally present
in the media as described by Higashiyamaet al .=
and JieJinet al .=
Date extract asa carbon source

The media containing (g/L) 144 date
extract, 11 yeast extract, 3.8 KH,PO,, 0.5
MgSO,.7H,0, 3.4 NaNO, where the date extract
replaced glucose according to JieJin et al. 2. As
showninFig. 1 the mean rate of produced biomass
was 0.8 (g/L) which indicated the absence of M.
alpina growth since in the medium describe the
date extract contained 70 % glucose. It wasthought
that the replacement of original glucose with this
substance might have encouraged the growth, but
this did not occur due to the presence of some
inhibitory component in the extract.
Powdered waste bread as a carbon source

Inthisinvestigation similar mediumwas
employed but powdered waste staled bread was
replacing the soyaflour and glucosein the medium

Table 1. Condition of treatments and average of oil biomass and ARA production

Treatment Waste ~ Ammonium Temp. Soy Oil Tween80 Biomass Qil ARA

bread Nitrate (°C) (%) (%) (g/L) (g/L) (g/L)

(%) (%)

1 5 0 12 0 0 17.19 7.34 3.08
2 5 1 12 0.1 0 15.98 3.01 1.33
3 5 2 28 0.2 0.001 12.34 2.04 0.79
4 5 0 28 0 0.001 11.99 5.97 2.04
5 10 0 12 0 0.001 16.73 10.48 4.61
6 10 1 12 0.2 0.001 31.53 7.16 3.78
7 10 2 28 0.1 0 19.29 10.56 4.37
8 10 0 28 0 0 19.38 6.60 2.62
9 15 1 28 0 0.001 15.15 9.74 4.08
10 15 1 28 0 0.001 17.05 2.96 1.07
11 15 2 12 0 0 33.10 4.19 1.60
12 15 0 12 0.2 0 10.94 1.98 0.88
13 5 0 28 0.2 0 18.36 5.90 2.57
14 5 1 28 0 0 24.94 7.09 2.75
15 5 2 12 0 0.001 9.01 4.13 1.80
16 5 0 12 0.1 0.001 27.95 19.30 9.28
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Table 2. Oxidation resistance and iodine
value of some sources of 0il%-5*

Oil Induction lodine
period (h) value
Grape seed ail 2.2 142
Sunflower oil 2.2 127
Corn oil 3.7 115
Canolaoil 3.8 118
Tallow 4.4 48
M. alpina oil 45 197
Sesame oil 4.6 105
Olive ail 52 83
Soybean ail 53 140

formulation®. The amount of biomass and oil
produced as indicated in Fig. 1 was evaluated
(39.85and 17.63 g/L respectively).
Sucrose as a carbon source

M. alpinawas cultivated on amedium as
describe previously but glucose was replaced by
sucrose. Most microorganismsprefer tousesimple
sugar such as glucose but few might be ableto use
disaccharides and polysaccharide such as sucrose
and starch. M. alpina is able to use sucrose and
produce oil although amedium containing glucose
is preferred. 1t should be noted that this fungi is
ableto use starch asacarbon source but dueto the
gelatinization of starch at high concentration which

Socrose  Conm Mour

L piamass

Glucrse

Fig. 1. Biomass and oil production of M. alpina in medium with different carbon sources

occurs after sterilization might create problems
which inhibits the growth to a great extent with
final reduction in biomass and oil produced.
Corn flour asa carbon source

Corn flour has been employed as the
carbon and nitrogen sourcesto grow M. alpina. It
isshown that the amount of biomassishigher than
other experimentswhen different source of carbon
were employed but the amount of produced oil
covered only athird of biomass meaning lower oil
production. Dueto the fact that glucose and yeast
extract containing medium produced the highest
amount of oil, it was decided to adopt a situation
similar to above medium therefore cluster analysis
was used to find the right similarity and relation.

According to Fig. 2, concerning the oil
production it might be concluded that the medium
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containing glucose fallowed by powdered waste
bread, corn flour and sucrose are suitable and their
suitability decreases respectively as a mentioned.
Considering the economical point of view, it is
worth to mention that the medium containing
powdered waste bread is regarded the least
expensive source of nitrogen and carbon.
Iranisrankedfirstintheworld regarding
the amount of bread wasted annually. Other
countries namely turkey*, United Kingdom and
United State have similar problems in term of
wasted bread®, Dueto the high amount of wasted
bread one might not focus on this compound as a
waste or lost but to consider it as a valuable raw
material to be included in the media for possible
production of valuable compounds®’=,
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Fig. 2. The cluster analyze of biomass and oil produced by M. alpinain
different carbon sources. The vertical axis shows the similarity percentage of mediums

Optimization of oil production in medium
containing powdered waste bread

In order to find the best condition for
production of oil and ARA, three levels of carbon
source (5, 10, 15 % as powdered waste bread), three
levels of nitrogen source (0, 1, 2 % as ammonium
nitrate) at two different temperatures (12 and 28 °C)
andthree oil supplement (0, 0.1 and 0.2 % soyabean
oil) andtwo levelsof emulsifier (0, 0.001 % Tween
80) were employed and evaluated according to
Taguchi method where sixteen treatments were
carried out in duplicate order. Ten days after
cultivation, the oil was evaluated and the amount of
ARA was determined (Table 1).
Determination of the best condition for
producing il

Fig. 3 showsthe effect of powdered waste
bread, ammonium nitrate and soyabean oil on the
production of oil. The amount of oil produced is
increased as the level of powdered wasted bread

10

is increased but at higher concentration of
powdered waste bread this path way isnot followed
as there is areduction in the oil produced which
might be due to the osmotic condition provided
when there is a high concentration of carbon
source. Further to the natural characterization of
ingredient present in the bread, namely starch
which gelatinizes at high temperature casing an
extremeincreasein the viscosity and consequently
decreases the availability of nutrients and oxygen
which are vital compounds for the growth of
M. alpina. This obstacle is more severe at low
temperature (12 °C). Presence of ammonium
nitrate as a source of nitrogen at different
concentrations indicated that the highest amount
of ail isproduced when this compound was absent.
A high ratio of carbon to nitrogen is required to
encourage the biosynthesis of 0il**#, Therefore
nitrogen concentration must be limited for better
accumulation of the oil.
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Fig. 3. Main effect of three level factors on oil production
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The presence of soyabean oil at 0.1 %
concentration has increased the oil production
approximately 1.6 times as this substance was
absent. This is due to biological pathway for oil
production since the microorganism might usethe
fatty acids present in soyabean oil asthe substrate
to produce longer and more unsaturated acids™.

Fig. 4 shows the effect of two combined
factors, the temperature and Tween 80 on the ail
production. The results indicated that oil
production at lower temperature has increased
which agrees with the research carried out

10

previously by Zychae and Siepmnn®?, Gam®*,
Domsch et al. .

The addition of soyabean oil with
emulsifier improves the productivity, since the
emulsifier reducesthe surface tension between the
water and oil phases. Variance analysis of the
average oil produced indicated that ammonium
nitrate and soyabean oil was the two major
influencing factors affecting the oil production.
Other factors; the emulsifier, powdered waste
bread and temperature were less effective in
respective decreasing order.
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Fig. 4. Main effect of two level factors on oil production

Deter mination of theoptimum condition for the
production of ARA based on Taguchi method

It has been shown that the production of
ARA depends on the amount of the oil produced
and the productivity of the acids where 32-48 %
of thetotal fatty acid present iSARA

As shown and indicated in Figs. 5 & 6,
thefactorsinvestigated which were most effective
in the production of oil were also effective in
production of ARA. The additional of soyabeen
oil at the level of 0.1 % has encouraged the
production of ARA in high quantity which agrees
with the work carried out by Jang et al.,*, Cohen
and Ratledge®.

According to theanalysisof variance and
interaction studies, the factors affecting the oil
production also have the same effect on the ARA
production. It has been predicted and might be
expected that the cultivation of M. alpina in a
medium containing 10 % powdered waste bread,
0.1 % soyabean ail, 0.001 % emulsifier and mineral

J. Pure & Appl. Microbiol., 6(1), March 2012.

salt namely MgCl... 6H,0, KH,PO,, CaCl,. 2H,0
and Na,SO, in the absence of excessnitrogen with
an initial pH of 6.5 and incubation period of ten
days at 12 °C and 150 rpm might produce 14.31
(g/L) oil and 7.32 (g/L) ARA.

To confirm the predicted value and
evaluate the results, tests were carried out
according to the condition described earlier in
triplicate order. The results indicated an actual
yield of 92.45 and 91.80 % for oil and ARA which
thesevaluesareat most 10 % |ower than what were
expected. Therefore the medium containing
powdered waste bread might be considered asthe
least expensive source of nitrogen and carbon to
produced oil and consequently ARA.

Chemical evaluation of the oil produced by
Mortierella alpina

The oil produced by M. alpina was
subjected to series of tests to evaluate its quality
and the results were compared to some vegetable
oils. The tests concerned consisted of the
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Fig. 5. Main effect of three level factors on ARA production

determination of fatty acid composition, iodineand
saponification values, color measurement,
nonsaponifiable matter and phospholipid contents,
induction period measurement representing the
resistance of oil to oxidation and qualitative and
guantitative determinations of tocopherols and
sterols.

The fatty acid profile of the oil produced
by M. alpina indicated that ARA was the
predominatefatty acid present. Other acidsnamely
palmitic, oleic, stearic, myristic, y- linolenic,
behenic, lauric, homo gammalinoleic, margaric and
nervonic were present in different quantities. The

3.0

presence of y- linolenic which is highly valued
nutritionally might be considered quite important
intheoil produced. Thefatty acid EPA is produced
at lower incubation temperature therefore if the oil
is intended to be used in infant food formulation,
the production of thisfatty acid should be stopped
meaning the application of higher incubation
temperatures®. The iodine value of the produced
oil a 28 °Cwhichisthereflection of itsunsaturation
i 197 (9" ga)» indicatesthat the oil produced
is quite sensitive to oxidation chain reaction, even
more sensitive than linseed oil which contains a
considerable quantity of - linolenic acid.
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Fig. 6. Main effect of two level factors on ARA production
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Amounts of Saponification Value of oils
other than M. al pina are written from Lewkowitsch
and Warrburton®.

The saponification value of the oil
representing the mean value of the fatty acids
molecular weights present in the triglycerides is
186 (M KOH/1g 4)- Thisvaueis lower than those
described for most of the vegetable oils dueto the
high content of ARA except rapeseed oil which
contains considerable amount of erucic acid
(Fig. 7). Examination of the oil by Lovibond

apparatus indicates yellow, red and blue colors of
11.3,3.7and 0.05in respective order. Theintensity
of yellow, blue and red colors of the produced oil
is much less than crude vegetable oils but quite
similar to rice bran oil. Changes of color in oils
produced were experienced which might be due
to the use of different media and incubation
conditions. The changes might be considered asa
subject of further investigation, but bleaching
process might be applied to all the oil produced to
provide a uniform product.
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Fig. 7. Saponification value of vegetable and M. alpina oils

Fractionation of the nonsaponifiable
matter on TLC plates indicated that sterols,
tocopherols and hydrocarbons were the major
fractions present. Qualitative and quantitative
determinations of sterols indicated the presence
of desmosterol the predominant sterol followed by
lanosterol, 24- methyl desmosterol, condisterol and
24- methylene cholesterol in respecting decreasing
order. Trace of cholesterol was identified.
B- sitosterol, the major the predominate sterol in
all vegetable oils was not present and identified
in the oil produced®*. The predominant sterol,
desmosterol behave quit similar to cholesterol but
due to the quantity present, the effect might be
considered negligible. Equal quantities of
tocopherols, o. (60 ppm) and y (69 ppm) were
identified in the oil produced; both have vitamin
E and antioxidant activities. The amount of
tocopherols present in the oil might be considered

J. Pure & Appl. Microbiol., 6(1), March 2012.

the optimum concentration for antioxidant activity
protecting the oil against oxidation. The bleaching
operation recommended earlier for this oil might
affect both sterolsand tocopherol contentsto some
extent®®. The induction period measurements
representing the stability of the produced oil
indicated an induction period of 4.5 h at 120 °C
which is quite remarkable for such substrate
contain considerable quantities of ARA and
v- linolenic acids in the presence of tocopherols
therefore further investigation might be required
to understand or identify other compoundswhich
might be present. Further work on the oil indicated
that phospholipids were present at very low
concentration (108 ppm). Therefore the
undesirable possible effects namely flavour and
color changesdueto the presence these compounds
might not be experienced.
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CONCLUSION

Medium containing glucose and yeast
extract might be considered superior for oil
production, among the alternative mediums, the
most suitable and the least expensive medium is
the one containing powdered waste bread. The
results showed that powdered waste bread is a
source of carbon and nitrogen and when extra
nitrogen source was added the production of ail
was reduced intensively. Enrichment cultureswith
soyabean oil and emulsifier might increase the
production of oil and consequently the acids. The
oil resulted from the growth of M. alpinaisamed
to be used as a part of infants food formulation,
therefore dlight refining operation to reduced some
compound namely coloring and flavouring matters
might be required to uniform the final product.

REFERENCES

1. Certik, M., Balteszova, L., Sgjbidor, J. Lipid
formation and gammalinolenic acid production
by Mucorales fungi grown on sunflower oil.
Braz. J. Microbiol., 1997; 25: 101-5.

2. Botha, A., Paul, |., Roux, C., Kock, J., Coetzee,
D.J., Strauss, T., Mareel, C. An isolation
procedure for arachidonic acid producing
Mortierella species. A. van Leeuw. J. Microb.,
1999; 75: 253- 6.

3. Eroshin, V.K., Dedyukhina, E.G,, Chistyakova,
T.l., Zhelifonova, V.P, Kurtzman, C.P, Bothast,
R.J. Arachidonic acid production by species of
Mortierella. World J. Microb. Biot., 1996;
12: 91-6.

4, Ward, O.P, Singh, A. Omega-3/6 fatty acids:
Alternative sources of production. Process
Biochem., 2005; 40: 3627-52.

5. Moreton, R.S. Single Cell Oil. Harlow, UK,
Longmans, 1988; pp 157-214.

6. Human- breast milk and lactation. E-Medicine
(2004) http://www.emedicine.com/ped/
topic2594.

7. Rapoport, S.I. Arachidonic acid and the brain.
J. Nutr., 2008; 138: 2515-20.

8. Kyle, D.J., Ratledge, C. Industrial Applications
of Single Cell Oils. Champaign, IL: American
Oil Chemists' Society, USA, 1992; pp 196-218.

9. Fukaya, T., Gondaira, T., Kashiyae, Y., Kotani,
S., Ishikura, Y., Fujikawa, S., Kiso, Y.,
Sakakibara, M. Arachidonic acid preserves
hippocampal neuron membrane fluidity in
senescent rats. Neurobiol. Aging., 2007; 28:

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

1179-86.

Darios, F., Davletov, B. Omega-3 and omega-6
fatty acids stimulate cell membrane expansion
by acting on syntaxin 3. Nature, 2006; 440:
813-817.

FDA, Consumer advisory: animportant message
for pregnant women and women of childbearing
age who may become pregnant about the risks
of mercury in fish, Center for Food Safety and
Appl Nutr, USA, 2001; (http://
www.cfsan.fda.gov/_dms/admehg.html).
Miller, M.R., Nichols, PD., Carter, C.G.
Replacement of fish oil with thraustochytrid
Schizochytrium sp. L oil inAtlantic Salmon Parr
(Salmo salar L) Diets. Comp. Biochem. Phys.
A., 2007; 148: 382-92.

Colin, R. Fatty acid biosynthesis in
microorganisms being used for Single Cell Oil
production. Biochem., 2004; 86: 807-15.
Sajbildor, J., Certik, M., Dobronva, S. Influence
of different carbon sources on growth, lipid
content and fatty acid composition in four
strains. Biotechnol. Lett.; 1988; 10: 437-350.
Barclay, W.R. Method for production of
arachidonic acid, US patent 7195791, 2007.
Kyle, D.J. Microbial oil mixtures and uses
thereof. U.S patent 5374657, 1994.

Weber, R., Tribe, H. Qil as a substrate for

Mortierella species. Mycologist, 2003; 17: 134-
139.

Fakas, S., Papanikolaou, S., Batsos, A.,
Galiotou-Panayotou, M., Mallouchos, A.,
Aggelis, G. Evaluating renewable carbon
sources as substrates for single cell oil
production by Cunninghamella echinulata and
Mortierellaisabellina. Biomass Bioenerg. 2008;
33: 573-580.

Park, E., Koike, Y., Higashiyama, K., Fujikawa,
S., Okabe, M. Effect of nitrogen source on
mycelia morphology and arachidonic acid
production in cultures of Mortierella alpina. J.
Biosci. Bioeng., 1999; 88: 61-67.

Singh, A., Ward, O.P. Production of highyields
of arachidonic acid in a fed-batch system by

Mortierella. alpina ATCC 32222. Appl.
Microbiol. Biotechnol., 1997; 48: 1-5.

Cheng, M.H., Walker, T.H., Hulbert, G.J.

Raman, D.R., Fungal production of
eicosapentaenoic and arachidonic acids from
industrial waste streams and crude soybean oil,
Bioresource Technol., 1999; 67: 101-110.
Bajpal, P K., Bajpai, P, Ward, O. P. Production
of arachidonic acid by M. alpina ATCC 32222.
J. Ind. Microbiol., 1991; 81: 79-86.

Jie Jin, M., Huang, H., Xiao, A.H., Gao, Z.,

J. Pure & Appl. Microbiol., 6(1), March 2012.



10

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.
35.
36.
37.

GHARACHORLOO et a.: CULTIVATION OF Mortierella alpina

Liu, X., Peng, C. Enhancing arachidonic acid
production by Mortierella alpina. Bioprocess
and Biosystems Engineering., 2009; 32: 117—
122.

Official Methods and Recommended Practices
of the American Oil Chemists' Society, AOCS,
4" edn. Champaign, USA, 1997; Ce 1-62.
Eroshin, V.K., Satroutdinov, A.D., Dedyukhina,
E.G., Chistyakova, T.lI. Arachidonic acid
production by Mortierella alpina with
growthcoupled lipid synthesis. Process
Biochem., 2000; 35: 1171-75.

Jaug Der, H., Lin, Y., Yang, S. Poly unsaturated
fatty acid production with Mortierella al pina by
solid substrate fermentation. Bot. Bull. Acad.
Sin., 2000; 41: 41-48.

Official Methods of Analysisof the Association
of Official Analytical Chemists’, AOAC, USA,
1998; 933-08.

Conha, A., Fernandes, J., Olivera, M.B. Olivera,
Quantification of free and esterified sterols in
portuguese olive oils by solid-phase extraction
and gas chromatography-mass spectrometery.
J. Chromatogr. A., 2006; 1146: 136-138.
Official Methods and Recommended Practices
of the American Oil Chemists' Society, AOCS,
Champaign, USA, 1994; Cd 3-25.

Hudson, B.J.F., Ghavami, M., Phospholipids as
antioxidant synergists for tocopherols in the
autoxidation of edible oils. J. Lebensm. Wiss.
Techl., 1984; 17: 191.

Barnes, P.J., Taylor, PW. The composition of
acy! lipids and tocopherols in wheat germ oils
from various sources. J. ci. Food Agr., 1980;
31: 997-1006.

Ranjit, K.R. Design of Experience Using the
Taguchi Approach, Publisher, Simultaneously.
Canada, 2001; pp 15-22.

Higashiyama, K., Fujikawa, S., Park, E.Y.,
Okabe, B. Image analysis of morphological
change during arachidonic acid production by
Mortierella alpha X3-4. J. Biosci. Bioeng.,
1999; 87: 489-494.

Documentation: http://www.younreporters.org.
Bread Waste: http://www.foodethiscouncil.org.
Bread Waste http://www.soundvision.com.
Daigle, P, Gelinas, P, leblanc, D., Morin, A.
Production of aroma compounds by
Geometrichum candidium on waste bread
crumb. Food Microbiol., 1999; 16: 517-522.

J. Pure & Appl. Microbiol., 6(1), March 2012.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

Damron, B.L., Waldroup, PW., Harams, R.H.
Evaluation of dried bakery products for use in
broiler diets, Poult. Sci., 1965; 44: 1122-1126.
Lan, W., Qin, W,, Yu, L. Effect of glutamate on
arachidonic acid production from Mortierella
alpina. Lett. Appl. Microbiol., 2002; 35:
357-60.

Yasuhisa, K., Jie Cai, H., Higashiyama, K.,
Fujikawa, S., Park, E.Y. Effect of consumed
carbon to nitrogen ratio on mycelial morphology
and arachidonic acid production in cultures of
Mortierella alpine. J. Biosci. Bioeng., 2001;
91: 382-9.

Chen, H. C., Chang, C.C. Isolation of microbes
for polyunsaturated fatty acid production, J.
Chin. Agric. Chem. Soc., 1994; 32: 33- 46.
Zhu, M., Yu, L.J, Liu, Z., Xu, H.B. Isolating
Mortierella alpina strains of high yield of
arachidonic acid. Lett. Appl. Microbiol., 2004,
29: 332-5.

Gams, W. Some new of noteworthy species of
Mortierella. Persoonia., 1976; 9: 111-140.
Domsch, K.H., Gams, W., Anderson, T.H.
Anderson, Compendium of Soil Fungi.
Academic Press, London, 1980; pp 89-104.
Jang, H.D., Lin, Y.Y.,Yang, S.S. Effect of culture
media and conditions on polyunsaturated
fattyacids production by Mortierella alpina.
Bioresource Technol., 2005; 96: 1633-1644.
Cohen, Z., Ratledge, C. Single Cell Qil, AOCS,
USA, 2005; pp 276-284.

Lewkowitsch, J., Warrburton, H. G. Chemical
Technology and Analysis of Oils, Fats and
Waxes, London, Macmillan and Co. England,
1991; pp 419-24, 395-400.

Shimizu, S., Kawashima, H., Wada, M.,
Yamada, H., Occurrence of a novel sterol, 24,
25-methylene cholest-5-en-3b-ol, in Mortierella
alpina |S-4. Lipids., 1992; 27: 481-3.
Patterson, GW., Nes, W.D. Physiology and
Biochemistry of Sterols, American Oil Chemists
Society, Champaign, IL, 1991; pp 158-172.
Hui, Y.H. Bailey’s Industrial Oil and Fat
Products. Fifth Edition, John Wiley and Sons
Inc, USA, 1996; pp 368-72.

Ghavami, M., Gharachorloo, M., Ghiassi, B.
Laboratory Techniques Oil and Fat, Islamic
Azad University, Tehran, 2008; pp 93-102 (in
Persian).



