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ABSTRACT
Isolates of two fungal species from rotted orange fruits as well as slandard bacterial cultures were screened for their
susceptibility and ability to metabolise Taxodium Distichum ( bald cypress) seed oil over a twelve- day period by adding the oil o
fungal spore or bacterial culture suspension. Under these conditions, all tested strains metabolized the oil in variable rates ranged
from 8 to 100% . The proportions of the oil component degraded differed widely with the microorganism. The highest degradation
was observed with Aspergillus and Penicillium species (100%), certain other standard culures , notably of Pseudomonas
geruginosa ; Klebsiella pnewnoniae and Bacillus subtilis metabolized , about 15-30%, of the oil. The in vitro antimicrobial activity
of the oil revealed higher efficacy against Candida albicans but limited towards Gram - positive bacteria (Staphylococcus aureus
ive bacteria and true fungi. Microbial degradability of .

and‘ B. subrilis). No significiant activity was noted against Gram - negat
distichum oil is found to be inversely proportional with the oil bio-activity complete resistance followed by complete degradation

exhibited by true fungi to bald cypress oil. By the end of the biodegradation period, antimicrobial activity of the resulted products
exhibited no significant difference than that of the substrate . Thus , cultures that were established within 12 days failed to yield
significant oil biodegraders . The estimation of the oil was carried out by Gas chromatography (GC) and GC - mass spectrum

(GC-MS).
INTRODUCTION under anaerobic conditions of package and storage and
Qils are extracted, packed and stored for various rr;amtam the long - term survxvabll.lty 9f cells within Ehe
. . e " oil extract and formulate a kinetic model which
purposes at different circumstances. Otherwise, these . ik g .

N . : s describes the rate of oil biodegradation by the
processes are performed under asepuc conditions of samEnsat
sleri!ization. fungal or bacterial contaminants will CORIRME AR
metabolize such oils inside the containers leading (o The purpose of the experiments reported here
biodegraded or biotransformed products of different was to establish, whether the ability to metabolize
nature. : Taxodium distichum  oil is widespread among

' Many microbes have the ability to metabolize environmental microorganisms and the extent to which
these products. Crude extract containing volatile oil has it is associated with contamination.
traditionally been treated for storage but anaerobic MATERIALS AND METHODS
biological processes. have been shown to be The study was conducted in the Department of
biodegradable to the extract into methane and carbon .+ 1 and Aromatic Plants Research (M & APR)
dioxide in ¢ f microbi ination (1:2) Medicinal and Aromatis "% : : :

ases of microbial contamination 2 Alexandria Horticultural Research Station, Sabahia and
The organism Alcaligenes denitrificans has been Microbiology Department, Faculty of Pharmacy,
“SFd lr; studies on the degradation of volatile fatty Zagazig University (1995-1997).
acids 3), Kinetic models are of value in investigating . tion 1
both the : ” . § o Oil extraction :

4 e, cepacity and stability of biological processes _ ¢ Jium distichum tree. (Famil
which utilize inhibitory substances. That biodegradation The seeds 0 Hxoasim f:li" um 1 oil whi ?:
may offer both thermodynamic and  kinetic Taxodiaceae) were the source o s essential o1l whic
disadvantages when mineralization involves syntrophic was extracted by wa_tcr distillation method according
bacteria of methanogenic consortria. to (5). The same technique was z.ilso used (o extract the

Taxodiun . ) oil from the whole culture of biodegradation after the
Taxodia ¥ - distichum  belongs 40 family incubation period.
e ceac-whxch includes two species. In Egypt the . .
Alex: g’f’“’mg successfully in the north west coast , Oil analysis :

ndria , Damietta also in Giza and Fayoum . In Gas chromatography-Mass spectrum (GC - MS)

and Gas Chromatography (GC) techniques were used to

Mexic "
0 the bark extraction of Taxodium mucronatum
ne the principal components of the essential oil

A%
@ used to promote menstruation (4) . determi
R Herein , this study was chosen to throw light on of bald cypress seeds. GC-MS conditions were:
degre*ag%l of oil contamination on the activity of an oil- instrument (Hewlett Puckerd; HF); caluan ( stalnices
hg consortuim . The main goals were to develop steel capillary; 12m); stationary phases (SMG); flow
rate (1.5ml /min), Temp. rate (5°C/min); injection temp.

A wild microhi S
: obial confamination convenient to take place
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(250°C); detector temp. (280°C) and recorder (HP? and
for GC, the conditions differ in: instrument (Fisons

8000), stationary phases (MGE) and column temp.
(30-180°C).

The principal compourds of the essential oil in
Taxodiunt distichum oil were estimated from the
measured peak area of the chromatogram according
to previous method (6:7) . The principal ‘components,
which were used as reference for the determination in
the essential oil by'GC and GC. -MS ,» were obtained
from Buch Boake Allen Limited, London, England
(Borneol) and Siba Giegi, NY. ., USA. (Citral,
Cifronellol and Linalool).

Antimicrobial activity :

Cultures and Inocula Preparation : Wild isolates
of Aspergillus niger and Penicillium sp. from spoiled
orange fruits ( stored on slopes of Dico Bacto malt
extract agar at 1°C) as well as standard cultures of
Candida albicans (ATCC 10231) B, subtilis (ATCC
6633), S. aureus (ATCC 6538) ; Micrococcus luteus
(ATCC 9341) , E. coli (ATCC 10536) , K, pheumoniae
(ATCC 10031) and P, aeruginosa (ATCC 9037) were
used. Suspensions were prepared by inoculating fresh
stock cultures into separate broth tubes each containing
5 ml of Brain heart infusion broth and incubated at
37°C/24 hrs. for bacteria or Sabouraud dextrose agar
and incubated at 25°C/3.7 days for sporulation (8 for

fungi. Spore suspension was prepared in water (105-106
spores/ml) for inoculation,

Test solutions preparation: Taxodium distichum
oil is water - insoluble so that two fold serial dilutions
(/1 to 1/128) were done with dimethyl formamide
(DMFA) to obtain-oil concentrations from 50 to 0.39%.
Absolute oil (100%) and-solvent (oil conc. 0%) were
used as positive and negative controls,

Susceptibility testing :

Disc technique (9) was applied using sterile
of whatman filter paper (6mm diameter) with a
final charge - 10pl/disc. The discs were placed onto the
surface of inoculated agar plates (Brain heart infusion
agar or Sabouraud maltose agar). The plates were
incubated at  37°C 124-48 s (Bacteria)
25°C/48-72hrs (Fungi). After incubation i

zones were recorded in
indicates no effect

or

Microbial biodegradation :

Because of Taxodium distichum oil water - insolubility,
modified technique of that previously reported (10)
was initiated by adding oil directly 1o the microbijal

suspension. According to Perlman an, resting

42

bacterial cell suspensions and Previous Teports (13,
fungal spores were added to the Substrate, A Sterile )
consisting of a cork wrapped in” aluminjyp, foil Plug
used and encircled with PTFE ta W

P€ 10 prevent any io:”
of the volatile oil. The cultures Were incubateq at 28.8
(fungi) or 37°C (bacteria) on a rotary shaker at 200

Cultures were established within 12 days,
RESULTS AND DISCUSSION

The results are recorded in the tables (] & 2).A
potent anticandidial effect was exhibited ( 14mm) while
no antimycotic effect was noticed against
Aspergillus niger and Penicillium Species. A slighy
antibacterial aclivity was noticed against Bacjjy,,
subtilis (8mm) but no effect was noticed against other
standard bacterial cultures (E. coli, S, aureus, p
aeruginosa,K. pneumoniae and M. luteus).

The absolute solvent DMFA exhibit
potent antibacterial (but not antifungal) activity agains|
P. aeruginosa (16mm), E. coli (I12mm) , M. luteys
(12mm) and K. pneumoniae (11mm). This efficacy was
gradually decreased along with the dilution by the oil up
to the minimqm zones (7 or 8 mm at double dilution),

ed (per se)

Meanwhile, it seems that synergistic effect has
taken place between the oil and the solvent against §.
aureus and B. subtilis where large zones of inhibition
(14 and 10mm, respectively) were noticed at first then
gradually decreased on dilution (9 and 8 mm,
respectively) though the non - recognized efficacy of
the oil per se against S. qureus. The efficacy of the oil
against both B. subtilis and Candida albicans Is
assured by the observation of the gradual decrease in
the inhibition zones by dilution as well as the minimal

zones exhibited by the absolute solvent (negative |
control), ‘

The results also, showed that the antimicrobid
aclivity of the end product after the biodegradation
period, was similar to that of the substrate. T.T"S
indicates that the, produced byproducts or me!abomcsl
had no additiona! effect on the microorganisms of m‘;
the biodegraded portion was completely CXha“S;;l
(perhaps 10 methane and water). Thus, cuitures t

"y
were established within 12 days failed to yield o
degraders.

e
Generally, as shown in table (2) odi‘(‘h”’
susceptibilities of the tested isolates to Tax ative
distichum oil could be interpreted as : Gram nf%,m-a..
bacteria (E. coli . K. pneumoniae, and P. “‘m’flcram
and M. luteus were affected only by the solvent hibite
positive bacteria (S. aureus and B. subtilis) C_" [ an
higher effect by the combination of the Sol\(,c‘;ﬂdiul
substrate than of each; yeast like fungus.{-'(its by
albicans) exhibited low, high and higher Sc"mm"naricsz.
the solvent, substrate and their Con-‘.blr and
respectively; while true fungi (Aspergillus """r"
Penicillium sp.) exhibited resistance to any of thef
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rable (1) :tnfi'\c';:l"‘i‘;f:;;‘:r‘:\'d:lh;‘oil‘;’iliCS of Taxodium distichum oil before and after exposure 1o
o‘:;:\g“r‘\;m /‘\’?ls?l\éx)c - 'l;t;;\c diulx;::lcr ill,l:;ibiulo/r; :nm:,;;mmi;;gz - A;g]ss‘l:\rx\tt?
S. aureus 7 14 14 14 12 11 9 = =
ATCC 6538 ° o 12
fTé"Ché:l?‘i 8 10 10 10 10 9 8 9 8 8
A}f{cl&gtsg‘ 0 4 9 9 10 11 12 12 12 12
ATgc‘;gtS36 0 7 e 10 11 12 12 12 12 12
’5\ é‘(‘_‘"]’{;(’;;“le (o) 8 8 9 o 10 10 11 11 11
PA(.;_(CrE;;';Sé);a 0 7 11 13 13 14 13 15 17 16
'\g‘r_élgll'%u:nj\'l 14 16 16 16 14 10 9 8 8 7
.4.\-prr(_x\-{{l(i¢d.\')m'gcr (o] o (o] (0] (o] 0 (o] (o] (o] (8]
Prm((;lz’liill:‘l)n sp. o (o) (¢] (o] 0 0 0 (8] 0 (o]
\ S

(+C) : Positive control (-C) Negative control

These results might be explained by taking in
consideration the differences in cell wall structures of
these microbial groups. The special components of the
cell wall are generally simple and few in Gram positive
bacteria ( teichoic acid and polysaccharide sugars) ;
complex and large in Gram negative bacteria
(lipoprotein, phospholipid bilayer and
lipopolysaccharide) and more complicated in fungi.

Because the flasks were sealed after the addition
of the microbial suspension, condition may not have
remained aerobic for the whole of the subsequent days
of the incubation . This experimental limitation was
accepted to allow a large number of isolates to be
creened with simple apparatus . The isolates were able
10 metabolize the oil (Tables 3 & 4 and Figure 2) and
only few showed little activity. To determine whether
the growth was at the expense of total degradation of

Table (2) : Sensitivity patterns of different microbial

groups.
i \
i Sensitivity pattern with
Microbial group
0il | Oil/ Solvent | Solvent
Gram positive bacteria | + | ++ — + ++
Gram negative bacteria| 0 | , _, 44 ++
Yeast - like fung ++ +
+ -+
Truc fungi 0 0
. _/

¥ Low effect , 44.: High effect and 0 : No effect.
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Taxodium distichum oil, the extent of the physical loss
of the oil was determined .

At the end of the incubation period, there was a
loss of the oil ranged from 100% with true fungi to
about 8% with staphylococci. Thus, complete
metabolism or consistently high conversion was
observed with Penicillium sp. and Aspergillus niger
while the amount of oil metabolized varied (ranged
from 8 to 30%) with most of the other species .

The above results werc obtained after exposure
of the fungi or bacteria to the oil for a fixed period of 12
days . The disappearance of bald cypress oil and the
appearance of degradation products were not monitored
over time but the final products were recovered and
analyzed. The extracts were analyzed by GC using a
Fisons 8000 stainless steel capillary column operated at
column temp. 30-180°C  with the same gas
chromatographic conditions and a Hewlett-Packard
5992 gas chromatograph - mass spectrometer (Fig.
1&2).

On the basis of the gas chromatographic
measurements , the oil was completely biodegraded by
fungal contamination but partially biodegraded by
bacterial contamination within 12 days . No degradation
or transformation of Taxodium distichum  oil was
detected in sterile controls, evidenced by the lack of
both the disappearance of the of the substrate and the
appearance of products, even when incubation times
were extrended to 30 days.The relationship between
microbial susceptibility and biodegradation of
Taxodium distichum  oil was highlightened by the
compatible results obtained , as shown in tables (2& 4) .
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0il ' -

Fig, (2) Microbial biodegradation effect on Taxodium distichum
oil main components -
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Table (3) : Residual principal compounds of Taxodium distichum oil after microbia]

biodegradation.

Main Component % \
component - - 2 m ‘
of the oil | Genuine S. B. E. coli . aeruginos | poy S€r o] |
aureus | subtilis pneumorniae &g em:p'.u'“m
—
Citral 42.1 39.8 35.1 38.0 34.0 ?;2 0
Citronellol 16.3 15.2 12.2 15.5 15.6 . 4 0
Linalool 9.0 7.3 7.4 6.3 6.2 5.4 0
Borneol 8.1 7.2 7.3 6.1 65]:97 54. ! 0
. 5 62.0 65.9 . 5 0
L Total 75.5 69 )

N. B. : True fungi exhausted the oil completely

Table (4) : Percentage microbial biodegradation of Taxodium distichum oil main components

after 12 days incubation.

(

ﬁ H
Degradable % degraded component degtrxc-:g]able deg‘f; dad .
NS Citral | Citronellol | Linalool | Borneol %
S. aureus 2.3 1.1 1.7 0.9 6.0 - - 794
B. subtilis 7.0 4.1 1.6 0.8 13.5 17.88
E. coli 4.1 0.8 2.7 2.0 9.6 12.72
K. preumoniae 8.1 0.7 2.8 2.1 13.7 18.15
P. aeruginosa 10.9 4.1 3.6 2.7 21.3 28.21
A. niger 42.1 16.3 9.0 8.1 75.5 100
L Penicillium sp. 421 16.3 9.0 8.1 75.5 100 -

This illustrates the inverse proportionality between
microbial sensitivity to the oil and microbial ability to
biodegrade its components . The lower the
susceptibility of the microbe to the effect of the extract,
the higher the biodegradability exhibited 1o its
components . Hundred percent resistance of the true
fungi and Gram negative bacteria against the oil,
resulted in 100 and = 25% biodegradation of its
components, respectively after 12 days incubation at
37°C . Moderate sensitivity of Gram positive bacteria to
the oil yielded lower ability of biodegradation (= 15%).

The study introduced a form of mild
contamination enough to maintain the syntrophic

activity necessary for oil biodegradation with mininal
exposure of cells to oxygen.
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