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The effects of exogenous plant essential oils and methanolic extracts on
Mortierella alpine and the profile of fatty acids were investigated. The results showed
that the plant’s essential oils and methanolic extracted oils strongly impacted on the
amount of biomass, oil and AA production by Mortierella alpine. The highest and lowest
positive effect on increasing the biomass relative to the control was reported from E assa-
foetida and L. stoechas. The results also showed that the most positive impact of increasing
the oil and arachidonic acid level are related to R. officinalis and F. vulgare.
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The use of fungi for the production of
commercial productsisancient, but it hasincreased
rapidly over thelast 50 years. Microbial lipophilic
compounds, called single cell 0ils(SCO), present a
potential industrial and financial interest due to
their specific characteristics®-2 3. Especially, various
ol eaginous Zygomycetes have been used in order
to producelipidsrichin polyunsaturated fatty acids
(PUFA) of medical and dietetical interest, such as
Arachidonic acid (AA). Some oleaginous fungi
producetriacylglycerides enriched with fatty acids
of pharmaceutical relevance. Within the genus
Mortierella, M. alpina is a well-known producer
of arachidonic acid*.

AA, along chain polyunsaturated fatty
acid (PUFA) of the omega-6 class (5, 8, 11, 14-
eicosatetraenoic acid), playsimportant rolesin the
structure and function of biological membranes.
Many expert organizations including FAO/WHO
recommend using the supplements of AA in the
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infant formula ®. An extensive research on the
production of PUFA by the fungus Mortierellain
submerged culture was carried out over the past
several years.

In the case of Mortierella genus, it was
shown that the composition of the growth media
playscrucial rolesin myceliagrowth and the fatty
acid composition of the mould body ¢ .

In the present communication, the effects
exogenous plant essential oils and methanolic
extractson Mortierellaal pine, oil and the profile of
fatty acids were investigated and discussed.

METHODS

Microorganism, inoculums preparation and
cultureconditions

Mortierella alpina CBS 754.68 was
purchased from Centraal bureau Schimmel cultures
(CBS, Netherlands). The fungus was maintained
in malt agar and sub cultured every two months. It
was stored at 3+1°C. M. alpina CBS 754.68 was
initially grown on sterile malt agar in petri dishes
at 22°C for 7 days and then transferred to the seed
culture medium. The seed culture medium
contained (g/L): glucose 30 and yeast extract 7.
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The seed culture of 100 ml wasincubated at 25°C
for 2 days in a shaker at a rotation spin of 180
RPM. Then the content of the seed culture flask
was mixed well by amiller to produce mycelium
suspension. All thefermentation experimentswere
performed in 500 ml Erlenmeyer flaskswith 100 ml
of the fermentation medium.

The fermentation medium in each flask
was inoculated with 5% (v/v) of mycelium
suspension of the seed culture. All of the
experimentswere carried out intwo replications.
Lipid extraction

Fungal mycelia were harvested by
suction filtration, washed with 50 mL distill water,
dried at 105°C for 2 h, and weighted to obtain the
dry cell weight (DCW)Y". The dried myceliawere
ground into a fine powder to be subsequently
extracted with an organic solvent. Thelipid content
of the grounded powder was extracted with 2 mL

N-hexagon through an ultrasonicator
with a centrifugation rate 2000 RPM for 3 h,
thereafter'®°, The oil biomasswas determined by
soxhlet apparatus.

Fatty acid analysis

The extracted oil was dissolved in 5 mL
of NaOH 2% in methanol solution and methylated
by 2.175 mL of BF,. The methylated fatty acids
were separated from the aqueous layer through
adding a saturated NaCl and dissolving in n-
hexane®. The PUFA content was determined by a
gas chromatography UNICAM 4600 (United
Kingdom) equipped with acapillary BPX70 column
(30mx0.25mmi.d., 0.25 mm film thickness; SGE,
USA) and flameionization detector. Nitrogen was
used asacarrier gas under the pressure of 20 kPa.
The injector and detector temperatures were
maintained at 250°C and 300°C, respectively. The
ovenwas maintained at 160°C for 6 minutes, then
increased to 180°C at the 20°C/ min, maintained at
180°C for 9 minutes, increased further to 190°C at
the 20°C/ minand finally maintained at 190°C for
25 minutes. Theinjection volumewas0.2 UL, with
asplitratio of 50:1. Thefatty acidswereidentified
and quantified using the methyl esters of the
guantitative standard fatty acids supplied by Sigma
(St. Louis, USA). Pentadecanoic acid (15:0) was
used as the internal standard.

Deter mination of the fungistatic and fungicidal
activity of theplant’ sessential oilsand methanalic
extracted oilson Mortierellaalpina
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The essential oils of Zataria multiflora
Boiss., Ferula gummosa Boiss., Eucalyptus
camaldulennsis Dehn., Thymus kotschyanus
Boiss. & Hohen., Thymus vulgaris L., Mentha
longifolia L., Salvia mirzayani Rech., Zhumeria
majdae Rech.f. & Wendelbo., Cuminum cyminum
L., Mentha spicata L., Foeniculum vulgare Mill.,
Lavandula stoechasL., RosmarinusofficinalisL .,
Ferula assa-foetida L. and methanolic extracts of
Ziziphus spina-christi (L.) Desf., UrticadioicalL.
and Matricariarecutica L. Used in this study was
supplied from Barij Essence Co. of Kashan and the
departments of plant pathology and entomology
of Tarbiat Modares University (TMU). The
essential oils and methanolic extracts were
sterilized using 0.2um filters (Orange Scientific,
Belgium). The antifungal assay was carried out in
vitro, in petri dishes (5cm in diameter) containing
potato dextrose agar (PDA). Asthe temperature of
themedium (PDA) reached to about 40°C, specific
concentration (0 and 200 uL/L) of methanolic
extracts and 50% stocks of the plant’s essential
oils (diluted in ethanol 96%) were added to PDA
and mixed thoroughly. The rate of mycelia
inhibition was measured after placing an active
mycelia plug of fungus on petri dishes containing
PDA with specific concentrations of essential oils
and methanolic extracts and then incubated at
28+°C.
Theobservationswererecorded on the seventh
day and the per centage of myceliainhibition was
calculated by thefollowing formula

Percentage of myceliainhibition=d -d/d x100

where d_is the mean colony diameter of
the control setsand d, isthe mean colony diameter
of the treatment sets®. The experiments were
conducted in acompl etely randomized design with
two concentration rates and two replications.

RESULTS

Thelnhibitory effectsof exogenousplant essential
oilsand methanalicextractson Mortierellaalpine

The results indicated the mycelia
inhibitions of plant essential oils of Z. multiflora,
F. gummosa, E. camaldulennsis, T. kotschyanus,
T.vulgaris, M. longifolia, Smirzayani, Z. majdae
and methanolic extracts of Z. spina-christi,
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Table 1. Myceliainhibition of plant essential oils and
methanolic extracts on Mortierellaalpine.
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U. dioica and M. recutica and R. officinalis are
positive but those of C. cyminum, M. spicata , F.
vulgare, L. stoechas, and F. assa-foetida are

Plant Family Percentage of negative (Table 1). The negative inhibition of
myceliainhibition . - -
mycelia means these essentia oils did not cause
7 multifiora L amiaceae 81.16+1 Fhe fungal growth to be decrease_d but increased
C. cyminum Apiaceae -8.82+0.9 its growth rate as compared with the control
M. spicata Lamiaceae -5.92+1 treatment. Considering the mentioned results, a
F. vulgare Apiaceae -2.80+0.7 concentration rate 200 ppm for each essential oil
F. gummosa Apiaceae 10.25+2 (with negative myceliainhibition) was used in the
L. stoechas Lamiacese -4.81£0.7 submerged medium and their impact on the cil and
Z majdae Lamiacese 3071 AA levels was then evaluated.
Z. spina-christl. - Rhamnaceae 2:33£0.5 TheEffect of essential cilson profileof fatty acids
U. dioica Urticaceae 2.89+0.7
R officinalis L amiacese 164£0.6 All Fhe treatment expects F vulgare
E.camaldulens's  Myrtaceae 4.15+1 sho_vved negaruye_ effgcts onthe production of AA.
T. kotschyanus. Lamiacese 96.07+1.5 besides, R. officinalis and L. stoechas caused the
T. wlgaris Lamiaceae 64.66+1.7 oil production to be increased while the other
M. longifolia. Lamiaceze 35.24+2 essential oils showed a negative effect on the ail
S mirzayani Lamiacese 7.66£0.7 production (Table 2). Theresults a so showed that
F. assa-foetida Apiaceae -1.15£0.4 all the essential oils except R. officinalis had a
M. recutica Asteraceae 3.6120.3 positive effect on the amount of biomass. The
Table 2. Effect of plant essential oils on biomass, oil production and profile of fatty acids
in comparison with control (soybean 10 g/L, glucose 40 g/L, temperature 17°C).
Treatment Cell dry OlL(%) C16:0 C180 C181 C(C182 C(C183 AA(%) EPA
Wight (%) pamitic stearic Oleic linoleic linolenic (%)
acid acid acid acid acid
Control 1.9£0.04 35+1 22+0.8 7.6x0.7 12+1 9.6£0.9 2.9+0.9 42+1 331
F. assa-foetida 2.27+0.03  24+1.3 17.6+0.7 7+0.8  13+1.1 9.7+1 25+1 37+0.8 5+1.2
M. spicata 2.04£0.05 2709 24+1 9.2+1 16x09 11.5+0.71+0.8 29+1.1 3+0.7
F. vulgare 2+0.06 27+0.8 15+09 7+1.2 11+0.8 10+0.8 1+0.7 45t0.9 4.7+0.8
C.cyminum  2.2+0.03 31+1.2 18+1.1 7.7x0.9 14+1.1 9.7+#1.1 2+1 37+1.2 5+1
R officinalis 1.81+0.05 47+1.1 13+0.6 9.6+0.8 8.8+0.6 10+1.2 2+1.3 41.5+0.7 3t1.2
L. stoechas  1.99+0.04 42+0.7 231 11+1 1741.1 13+0.9 2+0.7 23t0.6 2+1.1

highest and lowest positive effect on increasing
the biomass relative to the control was reported
from F. assa-foetida (16.76%) and L. stoechas
(1.2%) respectively.

CONCLUSON

The plant essential oils and methanolic
extracted oils potentially impacted on the amount
of biomass, oil and AA production by Mortierella
alpine. Only F. vulgare increased the AA as
compared with the sample control. L. stoechasand
R. officinalis potentially increased the oil

production as compared with the sample control.
All of the treatments expect R. officinalis caused
biomassincrease. Nisha& Venkateswaran (2008)%
reported that media supporting high biomass
accumul ation was not concomitant with their ability
to produce PUFA including AA while our Results
showed that increase of biomass accumulation
caused oil production decreasein biomass. In such
away, the treatment that the most positive impact
of increasing the oil isrelated to R. officinalisthat
having anegative effect onthe growth of Mortirella
fungus'. However, production of AA had different
producer. All the treatment expectsF. vulgare had
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anegative effect on production of AA. According
totheresultsby Shimizuetal., 19917, itisinferred
that decreasing in AA is caused by decreasing or
suppression of some unsaturated gene related to
AA biosynthesis. Results also showed that lipid
biosynthesis is different from AA biosynthesis.
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