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PRODUCTION OF FLAVORING COMPOUNDS THROUGH
GENETICALLY ENGINEERED SACCHAROMYCES CERE-
VISIAE AND THEIR EVALUATION AS ANTIOXIDANT
AND ANTIMICROBIAL
[16]

Soher E.Aly'; Abo Serih Nieven® and K.F. EF-Massry’
ABSTRACT

Natural aroma compounds are of major interest to the flavor and fragrance in-
dustry. Biotransformation technology is useful to produce a novel active ingredients
for the food and beverages. This work is aimed to produce a flavoring compound
as eugenol which is the major constituent of clove essential oil by transforming the
genetic material of clove bud into Saccharomyces cerevisiae. The transformants ex-
amined for their ability to produce eugenol as a biomarker of transformation proc-
ess.The results indicated that 85% of transformants yeast isolates were able to pro-
duce eugenol. Eugenol (92%) followed by thymol (6%) and 2-phenylethyl aicohol
(PEA) (0.09%), were represented in YEP broth (1) analyzed by GC/MS as the most
potent aroma- active compounds of the transformants yeast Carbon source in
culture broth is consider as important factor in determining the amount and type of
fragrance or flavor substances produced. The transformant extracts exhibited a
potent scavenging activity on DPPH radicals. The radical scavenging activity of all
extracts was significantly (p>0.05) depending on the carbon source in broth which
decreased in the order of broth (1) (75%)> broth (2) (40%) > broth (3) (5%).
Evaluation of cell free suspension (CFS) of transformants as antimicrobial was
measured as the mycelium dry weight (MDW) of Aspergi/lus flavus and aflatoxin
production. Data showed that the presence of either eugenol, phenylethyl alcohol or
ethanol caused a reduction in MDW. The higher effect was recorded for CFS con-
taining eugenol which reduced the MDW (33%) and aflatoxin production. The CFS
containing PEA showed a lower activity. These results indicated the success of the
transformation process for producing the volatile fragrance in CFS extracts which
have antioxidant and antimicrobial activities and related to the phenolic content of
these extracts.
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INTRODUCTION

Natural products (often referred to as
secondary metabolites) are important in
many aspects of life, imparting taste,
aroma and color to most of our foods and
providing a vast number of pharmaco-
active chemicals used in medicine and
agriculture. Although safe synthetic com-
pounds are currently in use by industry
and in modemn agriculture, there is a
_ strong international tendency to augment
some of the synthetic chemicals with
natural compounds that often are safer
and friendly in concern to environmental
aspects. Natural aroma compounds are of
major interest to the flavor and fragrance
industry. Due to the limited sources for
natural aromas, there is a growing interest
for developing alternative sources for
natural aroma compounds, and in par-
ticular aromatic aldehydes and phenolic
compounds (Abraham and Berger,
1994). Many essential oils contain com-
pounds that resemble in their structure
flavor and aroma compounds. Duplicat-
ing plant secondary metabolites in mi-
crobial systems (fermentation processes)
leads to aroma compounds that are classi-
fied as natural by the European and US
food legalization. This label represents a
strong marketing advantage (Berger and
Krings, 1998).

By using biotransformation technol-
ogy the biotechnologists could manufac-
tured. a range of natural, novel active in-
gredients for the food and beverage, cos-
metics and personal care markets, for
example: flavours, fragrances, antioxi-
dants and antimicrobials (Shimoni ef al
2000). Welsh (1994), reported that trans-

ferring the genetic material responsible
for flavour production from a donoror-
ganism via an appropriate vector to the
host, its metabolism may be directed a
way from primary metabolism (growth
and replication) to secondary metabo-
lism, thereby increasing the potential for
aroma production. The best way func-
tionally to characterize a cloned gene is to
put it into live cells and determine what
effects the encoded gene product has on
defined cellular processes. Similarly, to
identify DNA elements required for the
transcriptional control of a cloned gene,
an appropriate reporter gene must be con-
structed and tested in vivo (Gottesfeld &
al 1997 and Smeets ez al 2000).

The aflatoxins are naturally occurring,
fungal elaborated, toxic secondary me-
tabolites and produced primarily by As-
pergillus flavus and A. parasiticus. They
are ubiquitous and have been found as
natural contaminants in a variety of foods
such as peanut butter, breakfast cereals,
corn and com meals, dairy products and
other processed foods (Daeschel, 1992).
Becaunse of aflatoxins may significantly
affect animal and human health, protec-
tion of food and feed stuffs from these
contamination i a crucial need. Numer-
ous chemicals have been shown to pre-
vent the growth of 4 . flavus and afla-
toxins biosynthesis including some es-
sential oils or active components as euge-
nol (Lee and Shibamoto, 2001).

Eugenol (phenolic compound) occurs
widely as a component of essential oils
and is a major constitucnt of clove oil. It
has been used since at least the nineteenth
century, primarily as a flavoring agent, in
a variety of foods and pharmaceutical
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products, and as an analgesic in dental
materials (Dorman et al 2000). Saccha-
romyces cerevisiae is a single-cell yeast
which has a wide extensive use in food
and beverage industries, and has a heter-
ologus euokaryotic system to study the
intracellular targeting proteins in differ-
ent organelles (Ting et al 1997).

This work was undertaken to study
the possibility for producing eugenol
(flavoring compound ) which is the major
constituent in clove essential oil, via ge-
netic transformation from clove plant to
the yeast Saccharomyces cerevisiae.
Also, to evaluate the functional properties
of the new microbial products as antioxi-
dant and antimycotic agent specially for
Aspergillums flavus and inhibition of its
aflatoxin production.

MATERIAL AND METHODS
Microorganisms

A diploid wild type Saccharomyces
cerevisiae strain (recipient) was kindly
provided by Egyptian Sugar and Distil-
lation Company, Hawamdia, Egypt.
Mycotoxin producer isolate of As-
perighillus flavus was supplied by My-
cotoxin laboratory, National Research
Center, Cairo, Egypt.

Media

The principal medium (Broth 1)
(Hafez et al 2000): Yeast extract peptone
(YEP) was used for yeast maintenance. It
has the following composition: 5 g yeast
extract, 3 g peptone,10 g glucose, dis-
tilled water 1000 mL, added 20 agar to
prepare solid medium,

Modified media: Broth (2): resemble
the above medium + 10 sucrose. Broth
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(3): as the principal medium except su-
crose instead of glucose (10g/L).

Isolation of DNA

Donar DNA was isolated, purified and
fragmented from clove buds (Syzygium
aromaticum L.) by the method of Hafez
et al (2000).

Transformation

Recipient cells (0.2 ml of 1x10"to
3x10° cells/ml) were mixed with different
concentrations of eugenol and lithium
acetate 0.3 % was used. After 5 to 10
min, 0.1 ml of the Donor DNA in 50 mM
CaCl2 was added to the mixture. The
latter was incubated at 0 °C for 15 min.,
the mixture was diluted 3 to 10 times
after incubation and then plated and incu-
bated at 30°C for selection of the trans-
formants (Diatchenko et al 1996). :

Isolation of volatile components

To extract extracellular volatile com-
pounds, cells were removed from the sns-
pension culture (48 h) by centrifugation
for 10 min. A 200ml portion of cell-free
suspension (CFS) of wild and trans-
formed yeast, was adjusted at pH7.8 with
2% NaHCO3 solution and extracted three
times with diethyl ether (20 mL). The

volatile compounds were obtained by

evaporation of the solvent on water bath
at 40 °C, according to the methods de-
scribed by Drawert er af (1983) &
Abraham and Berger (1994), and then
the samples examined by GC/MS analy-
sis.
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Gas chromatography/Mass spectrome-
try analysis (GC/MS) :

GC-MS analysis of the volatile com-
ponents extracted from the filtrates of
wild and transformed yeast (CFS), was
performed on a Varian gas chromato-
graph interfaced to Finnigan SSQ 7000
mass selective detector (MSD) with ICIS
V2.0 data system for MS identification of
the GC components. The column used
was DB-5. The oven temperature was
programmed from 50°C for 3 min, iso-
thermal, then heating by 7°C / min to
250°C, and isothermally for 5 min at
250°C. Injector temperature was 200°C
and the volume injected was 0.5pL. Tran-
sition — line and ion source temperatures
were 250°C and 150°C, respectively.
Identifications were based on the com-
parison with the MS computer library
(NIST-Software package, Finnigan), and
with authentic components and published
data (Adams 1995). The quantitative
determination was carried out based on
peak area integration.

Determination of total phenolic com-
pounds

The total phenolic compounds present
in the CFS volatile extracts of wild and
transformed yeast were determined as
described by Singleton ef al.(1999) using
Ciocalteu reactive reagent. The concen-
tration of total phenolic compounds in
tested CFS was determined by compari-
son with the absorbance of standard
catechin at different concentrations.

Scavenging effect on 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical -

The effect of volatile componeritsin
CFS extracts of wild and transformed
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yeast on DPPH radical was estimated
according to Hatano et ol (1988). In this
test, the percentage of DPPH reduction
(antioxidant activity) of volatile CFS ex-
tracts of transformed yeast was com-
pared to that of gallic acid, butylated
hydroxyanisole (BHA) and cinnamic acid
(negative control).

Antimicrobial Study

The antimicrobial activity of CFS
extracts of transformed yeast was meas-
ured as the inhibition of Aspergillus fla-
vus growth and its aflatoxin production
according to the method of Ali (1999).
The level of inhibition relative to control
was calculated as previously reported by
Deans and Svoboda (1990). Standard
eugenol at different concentrations (zero,
100 and 200 ppm) were used as positive
control to the activity of volatile CFS
extracts of both wild and transformants.

Aflatoxin analysis

Aflatoxins in culture filtrate (after
separation of mycelium) were extracted
in an aliquot (10mL), clean up and then
quantitatively assayed by using HPLC
method as described by
AOAC (1995).

HPLC procedure

HPLC analyses were performed as
described by Groopman et al (1985).

RESULTS AND DISCUSSION

Twenty isolates were chosen and their
CFS extracts were examined for their
ability to produce eugenol as a biomarker

Sci., 11(1), 2003
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of transformation process. Volatiles of
cell-free suspensions (CFS) of wild and
transforimed yeast strains were harvested
after 48 h which obtained by direct sol-
vent extraction and were subjected to
GC/MS analysis. Table (1) showed that
17/20 of transformed yeast samples
(85%) were efficient to produce eugenol
through the biotransformation process
indicating the genetic ability of the yeast
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transformants to produce these volatile
compounds, which may be due to either
one of the following reasons: First, is that
a gene in a common pathway had been
introduced through transformation which
switched on the blocked pathway in
yeast. Second, the introduction of regu-
latory gene (s) through transformation in
different locations in the different yeast
colonies (Awad et al 1993).

Table 1. The efficiency of yeast transformants Saccharomyces cerevisiae extracts to
produce eugenol analyzed by GC-MS.

T;a:s' Bffciency  _  Efficiemy Efficiency Efficiency
1 N 6 rr 1 N 16 -
2 + 7 _ 12 -+ 17 ++
3 + 8 + 13 + 18 +HH+
4 ++ 9 + 14 - 19 ++
5 . 10 o 15 ] 20 +

Trans: Transformants yeast
+:23 +2 (based on area percent)

On the other hand, 3/20 of trans-
formed samples were not able to produce
eugenol or any volatile compounds. The
negative results may be due to the limited
number of comptent cells in the popula-
tion . that can take up DNA very effi-
ciently (Rambosek and Leach, 1987).
From the above results, it was found that
CFS of transformed yeast samples no 6,
10 and 18 were efficient to produce euge-

nol > 90 %) in comparison with other
samples (Table 1), and then subjected to
further studies.

In GC / MS analysis (Table 2 and
Figure 1) few volatile compounds were
identified, however the profiles were
quite different from that of the native
clove essential oil. Eugenol (92 %) was
the most abundant compound in the vola-
tile CFS extract of the transformed

Arab Univ. J. Agric. Sci., 11(1), 2003




210

Table 2. The volatile components of yeast transformants grown on different carbon
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source
Identified o Transformants
Wwild
components Broth (1) Broth (2) Broth (3)
Eugenol Nil 92.0 59.5 70
Thymol Nil 6.0 8.0 2.0
Phenylethanol Nil 0.09 24.0 87.0

Broth (1) containing glucose as carbon source.
Broth (2 ) containing glucose + sucrose as carbon source.
Broth (3) containing sucrose as carbon source.

Saccharomyces cerevisiae, followed
by thymol (6%) and 2-phenyl ethyl
alcohol (PEA) (0.09%), which represent
the most potent aroma-active compounds
of the broth culture (Fig 1. B). The above
results suggest that DNA transformation
of clove bud (donor) to the yeast cells
(host) could enhance the development of
flavoring compounds (eugenol, thymol,
2-phenyl ethyl alcohol) although their
flavoring characteristics and concentra-
tions were different from that of the
original clove essential oil.

A low concentration of volatile com-
ponents (50 mg / L) was obtained from
the CFS of the transformed Saccharomy-
ces cerevisiae. The low yield of the vola-
tile compounds produced via such proc-
ess may be explained on the basis that
many of the desired secondary metabo-
lites may . limit the biosynthesis either by
iniiibiting steps in the metabolic pathway
leading to the metabolite or by disrupting

the cell. Finally, the metabolites often
produced in low concentration, such that
large fermenter volumes may be required
to obtain commercial scale quantities of
the desired flavoring substances (Dor-
nenburg and Knorr, 1995). Many mi-
crobiologically mediated fragrance and
aroma syntheses produce low amounts of
the secondary metabolites, as these me-
tabolites inhibit cell or pathway activity
(end-product inhibition) as reported by
Dornenburg and Knorr, 1987.

By changing the composition of the
nutrient medium (sucrose instead of glu-
cose) of the grown transformed Saccha-
romyces cerevisiae, it was found that
transformant  isolates grown on YEP
medium containing only glucose as car-
bon source (broth 1) showed a higher
concentration of eugenol (92+5%) com-
pared to other volatiles as thymol and 2-
PEA (6103 and 0.09 +0.009%, re-
spectively). On the other hand, by

Armab Univ. Agric. Sci, 11(1), 2003
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A
10:00 13:20 16:40 20:00
Eugenol
B
Thymol
— . A
10:00 13:20 16:40 20:00
Fugenol
C
2-Phenyl ethanol
Thymol
™
10:00 13:20 16:40 20:00

D 2-Phenyl ethianol

Thymol Eugenol
— N
10:00 13:20 16:40 .20:00

Figure (1):GC-MS chromatogram of volatile components isolated
from wild and transformed culture free cells (CFS) of

Saccharomyces cerevisiae
A: wild yeast B: Yeast transformed on broth (1)
C: Yeast transformed on broth (2) D: Yeast transformed on broth (3)
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replacing glucose by sucrose (100 %) to
the YEP medium (broth 3), a significant
elevation in the 2- PEA concentration
(87+4%) with its mild rose-like aroma
which considered to improve the flavour
of distilled beverages (Beltiz and
Grosch, 1987), followed by eugenol and
thymol (7 + 0.2 and 2+ 0.3 %, respec-
tively) (Table 2).

These results indicated that carbon
source in culture is considered as an im-
portant factor in determining the amount
and type of fragrance or flavor substances
produced. Our results are in good har-
mony with those obtained by Monory et
al (1994), they noticed that seed culture
generation, pH, fermentation time, tem-
perature were also affected on flavor pro-
file. Generally, it is assumed that many
volatile metabolites useful in flavors and
fragrances are the result of secondary
metabolites and are found at their maxi-
mum levels after peak cell growth. Also,
carbon and nitrogen sources influence the
production of aroma substances.

Jiang (1995) reported the production
of short-chain esters, alcohols and phenyl
ethyl derivatives by different Kluyvermy-
ces lactis using different carbon / nitro-
gen sources. Moreover, modifications of
culture conditions, especially the choice
of nitrogen and carbon sources, have
often been reported to influence, at least
quantitatively the composition of the
fungi odorous profiles (Gallois et al
1990).

From all the above results we can
concluded that the variation in the nutri-
ent media composition (type of carbon
source) greatly influence the aroma pro-
file obtained from the transformed yeast
and directed them to the formation of
different compounds as eugenol and 2-
phenyl ethyl alcohol.

Soher; Abo Serih and El-Massry

The bioactivity of the volatile com-
pounds in CFS

Antioxidant activity (DPPH)

It is well known that free radicals
play an important role in autoxidation of
unsaturated lipids in foodstuffs (Kaur
and Perkins, 1991). For example, oxida-
tion of muscle cholesterol may be intiated
by free radicals generated during the oxi-
dation of polyunsaturated fatty acids
(Hoelscher et al 1988). 1,1-diphenyl-2-
picrylhydrazyl (DPPH) was used as a free
radical to evaluate antioxidative activity
of some natural sources (Yen and Chen,
1995). On the other hand, antioxidants
are believed to intercept the free-radical
of chain of oxidation and to contribute
hydrogen from the phenolic hydroxyl
groups themselves, thereby forming sta-
ble free radicals which do not initiate or
propagate further oxidation of lipids
(Dziezak, 1986 & Lee and Shibamoto,
2001).

In the present work, the scavenging
effects of the volatile compounds in CFS
extracts of wild and transformed yeast
grown on different media composition
(sucrose instead of glucose ) are shown in
Figure 2. All the tested volatile CFS ex-
tracts showed a remarkable activity by
inhibiting the DPPH radical. The scav-
enging activity of all extracts on inhibi-
tion of the DPPH radical was related to
the chemical components of these ex-
tracts as well as their phenolic content
(Figure 2). The scavenging effects of all
extracts significantly (P<0.05) decreased
in the order of transformant yeast (broth
1)> transformants (broth 3)> transfor-
mants (broth 2) > wild ( 75 %, 40 %, 5 %
and zero %), respectively. These results
indicating that the transformant volatile
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B Phenolic %

@ Inhibition %

i1

TBHQ Cinnamic acid

Wild yeast Transformants Transformants Transformants
(broth 1) {broth 3} {brath 2)

Figure 2 : The relationship between the radical scavenging
activity on DPPH radicals and total phenolic content of
transformed Saccharomyces cerevisiae
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extracts exhibited a potent scavé:nging
activity on DPPH radicals depending on
the chemical composition (Fig 1) and the
phenolic content. Varying degrees of an-
tioxidative * activity were exhibited by the
volatile CFS extracts of transformed
Saccharomyces cerevisiae grown on YEP
and other modified media. Even though
the antioxidative activity of clove buds

has been reported several times and re-

lated to the presence of phenolic com-
pounds as ecugenol (Farag et al 1989 and
Satoh et al 1998), where phenolic
groups play an important role in the anti-
oxidative activity (Huang and Frankel,
1997). The antioxidative activity of an
aroma extract of transformed yeast has
not been investigated prior to the present
study. The present study suggests that the
antioxidative activities of volatile CFS
extracts of the transformant yeast grown
on different media compositions are due
in part to the contribution of aroma
chemicals as eugenol, thymol and 2-
phenylethyl alcohol. The presence of
various aroma chemicals was explain the
img rovement of food stability. Moreover,
ingestion of these compounds was useful
in prevent in vivo oxidation damage, such
as lipid peroxidation, which is associated
with many diseases, including cancer,

atherosclerosis, diabetes and immune
difficiency.
Antimicrobial test

Evaluation of volatile CFS extracts of
transformed Saccharomyces cerevisiae as
antimicrobial was measured by deter-
mining the potency of these extracts to
inhibit the mycelium dry weight (MDW)
of Aspergillus flavus and its aflatoxin
production. Data in Table (3) showed that

Soher; Abo Serih and El-Massry

the presence of volatile compounds in
transformed CFS extracts as eugenol, 2-
phenyethyl alcohol or ethanol caused a
reduction in the MDW. The reduction is
dependent on the presence of active
components and their concentrations,
which produced during fermentation of
transformant yeast extracts. The reduc-
tion reached 33 % for CFS extract con-
taining eugenol (broth 1), meanwhile,
CFS extract containing 2-PEA (broth 3)
reduced the MDW by 27.3 %, which is
quite near from that obtained by standard
eugenol (50 ppm) indicating that the
transformants growth reached its maxi-
mum at 50 ppm. So, it is important to find
technology to immobilize the transfor-
mant cells to produce volatile compounds
economically. Data in Table (4) showed
that standard eugenol at concentration (50
ppm) reduced the MDW by 27.3% and
completely inhibits the aflatoxin produc-
tion (100%). Also, the aflatoxin produc-
tion was inhibited when A. flavus grown
on CFS extract containing components as
eugenol and 2-PEA. These results indi-
cated the presence of active components
in CFS that have antimicrobial activity.
Our results are in good agreement with
those obtained by Wilson et al (1997),
who reported that eugenol as the main
component of clove essential oil had
higher antimicrobial activity when tested
against several fungal species. Regarding
2-PEA caused lower percentage of re-
duction in fungal growth and aflatoxin
production. This activity related to the
structure of each component. The strong
antimicrobial activity of eugenol is due to
the presence of phenolic group. However,
2- phenylethanol does not have a pheno-
lic group, therefore its activity may be
due to its phenolic nature (Fig 1).
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Table 3. Effect of volatile extracts of yeastﬂ transformant on the growth and aflatoxin

production of A.flavus
Mycelium dry o
. Inhibition Aflatoxin Inhibition
*Cultures weight :
% (ng/L) %
(mg/100ml)

Wild 1500 16.0 270 23.0
Broth(1) 1200 33.0 0.0 100.0
Broth(2) 1300 270 0.0 100.0
Broth(3) 1300 273 0.0 100.0
Control 1800 0.0 35.0 0.0

*Wild is culture of A. Flavus in YEPG, broth, brothl= culture containing glucose as carbon
source, broth2 culture containing sucrose as carbon source., broth 3 culture containing glucose
+ sucrose as carbon source and control is culture of 4. Flavus in YEPG broth

Table 4. Effect of standard eugenol on the growth and aflatoxin production of 4. flavas

Eugenol Mycelium ‘
concentration  dry weight Inhibition%  Aflatoxin Ug/L Inhibition %
ppm (MDW)
25 1.7 5.55 0.0 100.0
50 1.3 273 0.0 100.0
100 0.0 100 0.0 100.0
Control 1.8 0.0 35.0 0.0
CONCLUSION there are some limitations of the bio-

From the above results, it is con-
cluded that the biotransformation of the
genetic material of clove bud into Sac-
charomyces cersvisiae cells could pro-
duce flavoring substances such as euge-
nol and 2-pheny ethyl alcohol. Although,

technological production of flavors via
microorganisms such as low product
yields, substrate/product toxicity, long
fermentation times, organism morphol-
ogy, product recovery due to low con-
centration in aqueous medium as well as
products mixes, i.e., not pure chemicals.

Arab Univ. J. Agric. Sci., 11(1), 2003
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Yet, the main advantage of such tech-
nique; all naturals will get much higher
price, uniqueness may justify price, e.g.,
sterioisomers high flavor impact may
reduce needs to where cost is not as much
as an issue. Therefore, itis of greatim-
portance to find new natural flavor
sources participating partially in covering
the shortage of plant flavor consumed or
produced in Egypt. Further investigations
are also required to assay the bioactivity
as antioxidant effect in vivo and to evalu-
ate its relevance-to human health for pre-
venting some chronic diseases.

REFERENCES

A.0.A.C. (1995). Official Methods of
Analysis. The Association of Official
Analytical Chemists. Washington 25,
D.C, USA.

Abraham, B. and R.G. Berger (1994).
Higher fungi for generating aroma com-
ponents through novel biotechnologies. J.
Agric. Food Chem.,42: 2344-2348.
Adams, R.P. (1995). Identification of
Essential Oil Components by GC/MS.
Allured Publishing Corporation, Carol
Steam, Nlinois, USA.

Ali, S.E. (1999). Prevention of the
growth and aflatoxin production . of As-
pergillus flavus by some spice essential
oils. Minufiya J. Agric. Res., 24 (2):563-
576.

Awad, N.E.; F.M. Hafez and AM.M.
Ali (1993). The -production of Nigella
sativa L. oil constituents through geneti-
cally engineered yeast strain. Assiut J.
Agric. Sci., 24 (4): 225- 240.

Beltiz, H.D. and W. Grosch (1987).
Aroma Substances in Food Chemistry,
pp 257-304 Ed. by Beltiz HI. and
Grosch, W., Springer, Berlin.

Arab Univ. Agric.

Soher; Abo Serih and El-Massry

Berger, R.G. and U. Krings (1998).
Biotechnological production of flavours
and fragrances. Appl Micribiol. Bio-
technol., 49:1-8. .

Daeschel, M. (1992). Procedures to de-
tect antimicrobial activities of microor-
ganisms. pp 57- 80. In: Food Biopreser-
vatives of Microbial Origin. Ray B. and
M. Daeschel, eds. CRC Press, Boca
Raton, Fl.

Deans, S.G. and K.P. Svoboda (1990).
The antimicrobial properties of marjo-
ram. Flav. Fragr. J., 7:187- 190.
Diatchenko, L; Y. lau and A. Campbell
(1996). A method for generating differ-
entially regulated or tissue specific cDNA
probs and libraries. Proc. Natl. Acad. Sci.
USA, 93: 6025- 6030.

Dorman, H.J.D.; A.C. Figueriedo; J.G.
Barroso and S.G. Deans (2000). In vitro
evaluation of antioxidant activity of
essential oils and their compounds. Fla-
vor and Fragrance J., 15:12-15.
Dornenburg, H. and D. Knorr (1995).
Strategies for the improvement of secon-
dary’ metabolite production from plant
cell culture. Enz. Microb. Technol., 17 :
674--684.

Dornenburg, H. and D. Knorr (1997).
Challenges and opportunities for metabo-
lite production from plant cell and tissue
culture. Food Technol, 51 (11): 47- 54.
Drawert, F.; R.G.Berger and K. Neu-
hauser (1983). Biosynthesis of flavor
compounds by microorganisms. 4- char-
acterization of the major principles of
odor: of Pleurotus euosmus. Eur. Apl
Microbiol. Biotechnol, 18:124-127.
Dziezak, J.D. (1986). Antioxidants. Food
Techpol, 40: 94-102.

Farag, R.S.; A.Z Badei; F.M. Hewedi
and G.S.A. El-Baroty (1989). Antioxi-
dant activity of some spice essential oils
on linoleic acid oxidation in aqueous me-

Sci., 11(1), 2003



Flavor compounds produced from engineered yeast

dia. J. Amer. Oil Chemists Soc., 66: 792-
799.

Gallois, A.; B. Gross; D. Longlois; H.E.
Spinnler and P. Bruneier (1990). Influ-
ence of culture conditions on production
of flavour compounds by 29 ligninolytic
basidiomycetes. Mycol. Res., 94(4): 494-
S04.

Gottesfeld, J.M.; L. Neely; J.W.
Trauger; E.E. Baird and B.P. Devan
{1997). Regulation of gene expression by
small molecules. Nature, 387:202-205.
Groopman, J.D.; P.R. Donahue; J. Zhu
and G.N. Wogan (1985). Aflatoxin me-
tabolites in humans: detection of metabo-
lites and nucleic acid adducts in urine by
affinity chromatography. Proc. Natl
Acad. Sci., 82: 6492- 6496.

Hafez, F.M.; N.A. Abo Serih and A.H.
Mohamed (2000). A novel method for
transformation of intact yeast cells by
using some drugs. Egypt. J. Med. Micro-
biol, 9(3): 455-460.

Hatano, T.; H. Kagawa; T. Yasuhara
and T. Oknda (1988). Two new flavo-
noids and other constituents in licorice
root; their relative astringency and radical
scavenging effects. Chem. Pharm. Bull.,
36: 2090-2097.

Hoelscher, L.M.; J.W. Savell; S.B.
Smith and HR. Cross (1988).
Subcellular distribution of cholesterol
within muscle and adipose tissue of beef
loin steaks. J. Food Sci, 53: 718-722.
Huang, S.W. and E.N. Frankel (1997).
Antioxidant activity of tea catechins in
different lipid systems. J. Agric. Food
Chem., 45: 3033- 3038.

Jiang, G. (1995). Changes in volatile
composition of Kluyveromyces lactis
broth during fermentation. [n: Food Fla-
vors, Analysis and Process Influence,
pp- 1037-1086, Ed. Gharalambous, G.,

217

Elsevier Science PublishersB.V., Am-
sterdam.

Kaur, H. and J. Perkins (1991). The
Free-radical Chemistry of Food Addi-
tives, pp.17-35, Ed. Aruoma, O.1. and B.
Halliwell , Tylor and Francis, London.
Lee, KG. and T. Shibamoto (2001).
Antioxidant property of aroma extract
isolated from clove buds [Syzygium aro-
maticum (L) Merr. Et Perry). Food
Chem., 74: 443-448 Microorganisms. 4-
characterization of the major principles of
odor of Pleurotus.

Monory, M.R.; A.J. Aparicio ; G.D.
Ortiz and G.S. Jimenez (1994). Effect
of carbon source on cell growth and be-
talain production in cell suspension cul-
ture of Beta vulgaris. Biotechnol. Lett.,
16: 853- 858.

Rambosek, J. and J. Leach (1987). Re-
compinent DNA in felamentous fungi,
progress and prospects. Crit. Rev. im
Biotechnol., 6: 357- 393.

Satoh, K.; Y. Ida; H. Sakagami; T. Ta-
naka and S. Fusisawa (1998). Effect of
antioxidants on radical intensity and cy-
totoxic activity of eugenol. Anticancer
Research, 18: 1549- 1552.

Shimoni, E.; U. Ravid and Y. Shoham
(2000). Isolation of a Bacillus sp. Capa-
ble of transforming isoeugenol to vanil-
lin, J. Biotechnol., 78: 1-9.

Singleton, V.L.; RM. Orthofer; RM.
Ramuela-Raventos (1999). Analysis of
total phenols and other oxidation sub-
stances and antioxidants by means of
Folin- Ciocalteu reagent. Methods Enzy-
mol., 299: 152- 178.

Smeets, L.C., J.E. Bijlsma and J.G.
Kustess (2000). Com H, a novel gene
essential of natural transformation of
Helicobacter pyloru. J. Bacteriol., 132:
3948-3954.

Arab Univ. J. Agric. Sci., 11(1), 2003



218

Ting, J.T.L.; RA. Bakamo; C. Rat-
nayake and A.H.C. Huang (1997).
Oleoresin of plant seed oil bodies is cor-
rectly targeted to the lipid bodies in
transformed yeast. J. Biol Chem., 27 (6):
3699- 3706.

Welsh, F.W. (1994). Overview of bio-
process flavor and fragrance production.
In: Bioprocess Production of Flavor,
Fragrance and Color Ingredients, pp. 1-
40, Edited by Alan Gabelman, John
Wiley and Sons, Inc., N.Y.

Soher; Abo Serih and El-Massry

Wilson, C.L.; J.M. Solar ; A. Ghaouth
and M.E. Wisniewski (1997). Rapid
evaluation of plant extracts and essential
oils for antifungal activity against Botry-
tis cinerea. Plant Disease, 81(2): 204-
216.

Yen, G.C. and H.Y. Chen (1995).
Antioxidative activity of various tea ex-
tracts in relation to their antimuta-
genecity. J. Agricc Food Chem., 43:
27-32. :

Yoar oY A= Yao (1)) ¢l ¢ e oap Raabor ¢ Al gl y ol ul) gy jall st atE e
dudiga Lo pau pugensa g lSu o Ao aladiinly 465 il ya )
il g ySaall Baliaa g 5w dailas Lganii g Uiy

[\1]

"grad) Gl A - T gl i - Y e sl agu
St~ § B~ A8 = gl (aghl S jad — p13RR Glslay pgans
St — B i)~ B8 = Zigaill agil S Al - Ay pSiad D00 pud - Y
saa = 5 AU = Aa) — Sigall e gil S jal - dad )l g pakal Giluase slaasS aud - ¥

£ 3 (a8 ypasd 8. 1 i 5

il CulS g Sccharomyces cerevisiae

P

S @l e Ay saladl JEi 5 -
3 yaall 405

T a—adll (pe 3320l Y Jall jlEal 5 -
Cilay Jyua gl 26 o L6508 sad
Nl e %0 o o il
Js—ia sl 26 o 5 50l Lgd sapall
Sl 3 S 8 DRl agay p

Agaal L) Gyaplall 3 S yo 5003
+Zail iy aakall o dolia 85 S
Ayl Ll 3y gaa) 245
Biotransformation (5 s—all Jiill Luals
p—adall 4 uSasa paa b S e 2
v 32 bl iy adl M

eSS Ol ozl ) Candl gy
¥l Sl 5 Ay g gl e
iyl plasiuly Jis ) il bl 3
i e A8l 5Ll (g gl

Arab Univ. Agric. Sci., 11(1), 2003



Flavor compounds produced from engineered yeast

3oe—adll 3 5 A e s LS -
3293 Gl Sl S ) g Asedl
Aspergillus  yhd sail laiia 35 4
pyandl 73 o 45508 Ay favus
Luaf caliay L3l 138 o 4 aflatoxins
oSl uad Sl g g sl
30 SO Wil el 5l 5 508 (5 jay a6
b s p gl Gl gail liaa
2ol 33—y I Aspergillus flavus
S e A Caa Al (A J i sl
sl oo Ay siaadl il U pud
8 s el 3 gl Jaidd
J dilae plas Aud5all e paliii
syr—addl 3 Ji 580 e A 50 salal
Ay Lead] I3 Lghe u3n <N e
ENLaa o8 Lha¥l @Y 3all e e
SO 4_aileS PUEMEES ¥ 1 &_.Ui
Jlsaa a4l . Gl Saall soliaag
Jsmanll Sy pall By 3 0oyt S0
3olahll Gl Sl e a el e
Sy Ll &y gl 7 a1 @ild dpaysalt
p—tim pa—id ) i S las slaidill
A laeddl 55 Ll OV 3o (e B2EWYN
ARy

e AN AN el e Lle Jiasiddl
CSaly . A5 saldlt Jo Al seliS
5 e Ul paldiendl CuS 55 ol
YEP duad¥) 2, 3 N jall amy
waliisall ) 3253 GOMS alasiuly
%N 5 dyizn 3 %Y o (550
BN i %0y Jgad
Jo—Sslall S Jlagaly 4 32y S8y -
A o8 08 Hrads Gy Sl
Dl 3 yaall Wle o Al YEP
o 3Lkl LSl 585 o W,
o bia) A Leall 555 il aliiial
e JsoSel A Dl
=Skl

3 )il g_).__l:uﬂ waliiuall &5’3 s
30 WS ol e o S L 5 el
O3S i 1o sy al 4 2a gy
82 S S ae 4y 3 jall 3R
Sl g 5 (DAL Ly 45 508 calias
39—y O 2y 28 YEP 4l $
S el L aany Sl
a4l %Yo sa SN alass
3oy o Sl &3 55 ySudl + 558 lall

u%O

219

adlaall 2o Cpyladl (g5 (Je ot rputad

Arab Univ. J. Agric. Sci., 11(1), 2003





