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Abstract

Carotenoids have many important biological activities, which can be used
as food colorants and as a natural antioxidant pigments. A local yeast strain was
isolated from karish cheese and identified as R. mucilagenosa. The efficiency of
carotenoids production by R. mucilagenosa was tested by using orange waste ex-
tract (OWE) as an agro-industrial waste to minimize carotenoids production cost.
To optimize the fermentation conditions, OWE medium was supplemented with
different carbon and nitrogen sources at concentration 1% and 1-6% NaCl. The
highest carotenoids production and cell dry weight (7.2 mg/l and 13.75 g/l re-
spectively) were obtained with OWE medium supplemented with 1% glucose,
1% yeast extract and 1% NaCl, at optimal pH 6, temperature 25°C and shaking at

150 rpm for five days.
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Introduction

Carotenoids are yellow to or-
ange-red pigments, which widely dis-
tributed in nature. These pigments
comprise around 700 different chem-
ical structures. They can be found in
algae, filamentous fungi, yeasts, bac-
teria and plants. However, animals
are not able to synthesize carotenoids
(Stafsnes et al., 2010).

Carotenoids have an important
biological activity due to their provi-
tamin A activity, antioxidant action
by neutralizing free radicals as elec-
tron donor and anti-carcinogenic
properties (Young and Lowe 2001).

There is increasing interest in
naturally obtained carotenoids by bio-
technological processes because of
their growing demand in pharmaceu-
tical, cosmetic, food, and feed indus-
tries, (Aksu and Eren 2005).

Microbial activities offer a
promising method for carotenoids
production (Johnson and Schroeder,
1995). Yeasts are better than algae or

fungi for large scale production of
carotenoids in fermenters, because of
their unicellular nature and high
growth rate (Baraka er al., 2014).
Various genera of red yeasts, such as
Cryptococcus, Rhodosporidium,
Rhodotorula, Sporobolomyces and
Xanthophyllomyces can produce and
accumulate carotenoids in their cells
(Hennekens 1997).

Among different yeasts,
Rhodotorula sp. gave a favorable
high yield producer of carotenoids
(Frengova and Beshkova 2009).
Rhodotorula has the ability to grow
in various cheap agricultural raw ma-
terials such as sugar cane juice, peat
extract, whey, grape must, beet mo-
lasses, and sugar cane molasses, so it
is potentially useful for carotenoid
production industry (Aksu and Eren
2005; Bhosale and Gadre 200la;
Buzzini and Martini 1999; Park ef al.,
2005 and Simova et al., 2004).

Citrus fruit is one of the com-
mercial crops in the Egyptian mar-
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kets. About 50-60% of citrus fruit is
transformed into waste by citrus pro-
cessing industry (Wilkins et al.,
2007). This results in accumulation of
large quantities of citrus waste. This
waste represents a major challenge in
the citrus processing industries in
Egypt and worldwide.

In this study, orange waste ex-
tract (OWE) was chosen as affordable
and suitable substrate for carotenoids
production by Rhodotorula with a
view to reduce production costs and
make the product economical.
Materials and Methods
Preparation of orange waste ex-
tract medium

Orange waste was collected
from fruit juice shops at Mansoura
City, Egypt. Orange waste extract
(OWE) was prepared by adding two
liters of distilled water to one kilo-
gram of orange waste, boiled at 100
°C for 30 minutes, and then filtered to
obtain orange waste extract. The
OWE was used as fermentation me-
dium to produce carotenoids using
isolated yeast.

Microorganisms

An orange-pigmented yeast was
isolated from yogurt and karish
cheese samples. The yeast isolate was
purified on GPY agar medium (yeast
extract 10 g, peptone 20 g, glucose 20
g, and one liter of distilled water).
The purity of the obtained isolate was
verified microscopically. Isolate was
subcultured and maintained on GPY
agar medium at 4°C. The isolate was
identified by Sigma Scientific Ser-
vices Co., using 18s rRNA gene
(Kanzy et al., (2015).

Inoculum preparation

Five ml of sterilized distilled

water were added into 48 h. yeast
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slant grown on GPY agar medium.
The growth was scratched and ho-
mogenized well, then transferred into
in 250 ml Erlenmeyer flask contain
50 ml of GPY broth medium. Flask
was incubated for 24 h. at 25°C with
shaking at 150 rpm. inoculum con-
tains 10° CFU/ml.
Production of carotenoids on OWE
medium

Fifty ml of OWE medium was
inoculated with one ml of the inocu-
lum and incubated for 5 days at 25°C
with shaking at 150 rpm. Yeasts cul-
tures were centrifuged at 10000 for
20 min. Yeast cells were collected for
carotenoids determination.
Optimization of carotenoids pro-
duction

Several factors including incu-
bation period, carbon sources, nitro-
gen sources, salinity, inoculum size,
initial pH value and temperature were
optimized for carotenoids production
using OWE liquid medium. Final pH
values, cell dry weight (CDW) (g/1)
and carotenoids production (mg / 1)
were determined.
Effect of incubation period

The selected isolate strain was
cultivated in 250 ml Erlenmeyer flask
containing 50 ml autoclaved OWE
medium, the initial pH was 4.7, Each
flask was inoculated with 1ml of in-
oculum and incubated at 25°C, with
shaking speed of 150 rpm. During
incubation periods, samples were tak-
en every 24 h. for 10 successive days.
Effect of additive carbon source

To determine the best additive
carbon source for carotenoids produc-
tion, OWE medium were supple-
mented with 1% of different carbon
sources; glucose, fructose, sucrose,
maltose, mannitol, glycerol and
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starch. Flasks were inoculated with
one ml of inoculum and incubated at
25°C with shaking at 150 rpm for 5
and 6 days.
Effect of different nitrogen Sources

OWE medium, contained the
best carbon source were supple-
mented with 1% of different nitrogen
sources; yeast extract, beef extract,
peptone, malt extract, ammonium
phosphate, calcium nitrate and am-
monium sulphate. Flasks were inocu-
lated with one ml of inoculum and
incubated at 25°C with shaking at
150 rpm for 5 and 6 days.
Effect of Initial pH

To estimate the effect of pH
value on carotenoids production by
the yeast strain, OWE medium (con-
tained best carbon and nitrogen
source) was adjusted at pH values; 3,
4,5, 6, 7 and 8. Flasks were inocu-
lated with one ml of inoculum and
incubated at 25°C with shaking at
150 rpm for 5 days.
Effect of temperature

OWE medium amended with
best carbon and nitrogen source and
adjusted at optimum pH was inocu-
lated with one ml of inoculum and
incubated at different tempera-
tures;22, 25, 28 and 30 with shak-
ing at 150 rpm for 5 days.
Effect of inoculum size

Different inoculum sizes (2-10
%) were tested to estimate the effect
of inoculum size on carotenoids pro-
duction. OWE medium amended with
best carbon and nitrogen source and
adjusted at optimum pH were inocu-
lated. Flasks were incubated at opti-
mum temperature with shaking at 250
rpm for 5 days.
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Effect of salinity

The effect of adding different
concentrations of NaCl (1-6%) on
yeast growth and carotenoids produc-
tion was studied. Flaks were incu-
bated under the optimum conditions

for 5 days.
Determination of total carotenoids
According to the modified

method of Park ef al. (2005), 50 ml of
fermented broth culture was centri-
fuged at 5000 rpm for 15 min. The
precipitate cells were washed twice
by distilled water. After cells separa-
tion by centrifugation, 10 ml of 0.1N
HCI were added, boiled in water bath
for 15 min., and then cooled in ice
water for 10 minutes. For extraction
of the pigments, the cells suspended
in acetone and stirred vigorously until
cells turn colorless, then equal
amount of diethyl ether were added.
This mixture was transferred in sepa-
rating funnel. Cold NaCl solution
(15%) were added as a part of purifi-
cation steps of the carotenoid pig-
ment. To determine the total carote-
noids, the diethyl ether layer was tak-
en and assayed spectrophotometri-
cally at 455 nm. (JENWAY 6305
UV/vis.  Spectrophotometer). The
standard curve was blotted using [-
carotene (MP Biomedicals, LLC) as a
standard substrate. Amounts of caro-
tenoids were calculated using stan-
dard curve.
Determination of cells dry weight
50 ml of yeast culture were
centrifuged for 20 min. at 10000 rpm,
washed twice with distilled water and
then dried at 80°C till constant
weight.
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Results and Discussion
Isolation and Identification of
Rhodotorula mucilaginosa

An orange-pigmented yeast iso-
late was isolated from Karish cheese.
The yeast isolate gave an orange-red
color on GPY agar medium. Pure cul-
ture of the isolated yeast was exam-

targeting the 18S rRNA gene, which
confirmed its belonging to R. muci-

amplicon 1is highly significant simi-
larity with R. mucilagenosa 14 (Fig
2). These results are consistent with
Kanzy et al., (2015) who carried out
the isolation and molecular identifica-
tion of R. mucilaginosa strain isolated
from salted cheese whey.

200 bp

1
ined microscopically. Isolated yeast
was oval, non-spore forming and .

. 800 bp
non-pseudo-true- mycelium former. 700 bp [
The potential R. mucilaginosa S0 o ==
isolate was further identified by PCR 400 bp R

300 bp e
R
S

laginosa, the size of PCR amplicon is
567-bp (Fig 1). The nucleotide se-
quence of a 567 bp internal fragment
of the 18S rRNA locus was investi-
gated in R. mucilaginosa 1isolate.
NCBI blast is applied to compare the
DNA sequence of 18S rRNA of iso-
late to other reference strains. The

100 bp

Fig. 1. Agarose gel electrophoresis (2%)
of PCR amplicon amplified with
ITS primer pair. Lane M: 1kb plus
DNA ladder; Lane 1, 2 and 3 PCR
products 18 S rRNA R. mucila-

results revealed the sequences of PCR senosd:
Score Expect Identities Caps Strand
1040 bits{563) 0.0 56556 7{00%) 0/ 567 (0%:) Plus/Minus
Query 1 CCTOMTTTGAGATCTAATCTTANATGTAGACATTCTGATTAGAAGCTTCCTTTAACCCAS o8
coer 572 SUGHOEITL AT A ny. 2.
Query &1 CCCOOQCTCTAGTCCGAACACTAGAAT TCCTCAGCOAATAGTCTATTACGCCAAGTCAATC 128
oo =aa SO AT O Ty o
Query 121 COAAGTTCOAT TGCOOATGCTAATGCAT TACGAACGAGCTAGACCGTAAAGOCCAGCAGC 182
corr ass SCHLGHOEIT I NI .
Query 181 OCTCAGAAACCAANC ACCTCT TCAATCATTAAGALAGAGCAGOGTTGAAGTATTCATGALC 248
bt T H H iy Ty
Query 241 ACTCAAACAGGCATEGCTCCACGEAATACCATERAGCGCAAGGTGCGT TCAAAGATTCGAT Ias
coee o AL O B 22
Query 381 GATTCACTOGAATTCTGCAATTCACATTACTTATCGCAT TTCGCTGCGTTCTTCATCGATG 368
coger 272 WHEHTEHHT TSR AT 22
Query 361 CEAGAGCCAMAGAGATCCGTTGTT AAGTTTTATTTTGTTATAALMATTTAATACATTCAT 426
e 22a S IHITETE T T RO A AT S
Query 421 AGACTTTGTGTTTATAAGTGAATAGGAGTTCGCTCTCTTGCGAGAGTTACTATCCCAMAL 488
oo 2sa AT T T AL <.
Query <481 AAQTECACAGEOT TAGALAGT GAQAGT TCOGACTCCAAGT TAAGT TOGACOTCCTATATT S
soict o3 AMCTCCALASLHAMAEMA IS L DAL L 5.
Query 241 CACTAATGATCCTTCCGCAGGTTCACT S67
soict 33 CACRAMMSMELHIUELHALL 5

Fig 2: The degree of similarity between DNA sequences of 18rRNA gene of R. mucila-
genosa to R. mucilagenosa 14 (reference strain), via NCBI blast.
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Optimization of carotenoids pro-
duction

The biosynthesis of carotenoid
is affected by many factors that can
achieve the maximal carotenoid pro-
ductivity and minimal operation cost.
Therefore, the optimum conditions
for growth and production of carote-
noids have to be studied.
Effect of incubation period

Data presented in Fig 3. show
the changes in cells dry weight
(CDW) (g/1) and carotenoids produc-
tion (mg/l) by R. mucilagenosa with
time. During the first three days of
incubation, R. mucilagenosa show
exponential growth and decelerating
growth until the sixth day then re-
mained stationary, results also show
that the production of carotenoids
was growth correlated and directly
related to the biomass yield. The
maximum carotenoids production
(1.63 mg/l) was achieved within sev-
en days of incubation using OWE

——CP

- CDW

broth medium as a sole substrate
while the maximum CDW was ob-
tained after six days. Our results are
in agreement with Bhosale and Gadre
(2001b) who reported that, the caro-
tenoids production in the yeast was
growth associated. Also El Bana et
al., (2012) stated that, the maximum
yield of carotenoids achieved by R.
glutinis at the fifth day. Korumilli and
susmita (2014) who mentioned that
maximum carotenoids production by
Rhodotorula sp. was achieved at the
end of logarithmic growth phase.

On the other hand, results are in
contrast to those of Kanzy et al,
(2015) who reported that, by using R.
glutinis, the production of carotenoid
started after the end of logarithmic
growth phase then increased during
stationary phase. Also (Marova et.
al., 2012) reported that, maximum
yield of carotenoids collected after 80
h. from R. glutinis.
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Fig. 3: Effect of incubation period on growth (g/l) and carotenoids production (mg/l) by

R. mucilagenosa

Effect of different carbon sources
Data in Fig. 4 illustrate the ef-
fect of different carbon sources on
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cells dry weight (CDW) and carote-
noids production by R. mucilagenosa
after five and six days of incubation
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at 25°C. Data illustrate that maximum
carotenoids production (2.7 mg/l) and
CDW (8.08 g/1) was observed with
addition of 1% glucose to OWE me-
dium after five days of incubation at
25 °C, followed by mannitol. While,
on the sixth day the best carbon
source for carotenoids production
was glucose (2.8 mg/l) followed by
fructose and (2.7 mg/l), res, com-
pared with 1.6 mg/l carotenoids and
3.5 g/l CDW which were obtained by
control (OWE  without carbon
sources).

The results exhibit the correla-
tion between the increasing the yeast
biomass and carottenoids productiv-
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ity. Therefore, glucose at 1% concen-
tration was selected as the best car-
bon source for further studies. These
results were in line with Latha et al.,
(2005), they found that the highest
pigmentation and  growth by
R.glutinis was achieved with glucose
and fructose as carbon sources. Also,
Baraka et al., (2014) stated that the
best carbon sources for growth and
carotenoids production by R. glutinis
were glucose and sucrose. On the
other hand, lactose was selected for
Serratia marcescens to give the high-
est production of carotenoids (Wang
et al., 2012).
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Fig. 4. Effect of carbon sources on growth (g/l) (B) and carotenoids production (mg/1)

(A) by R.mucilagenosa

Effect of different nitrogen sources
The influence of adding differ-
ent nitrogen sources to the OWE me-
dium amended with glucose on CDW
and carotenoids production was in-
vestigated after four and five days of
incubation at 25°C. Data presented in
Fig 5. revealed that the most tested
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nitrogen sources stimulated the
growth and the carotenoids produc-
tion by R.mucilagenosa compared
with control (OWE amended with
glucose without nitrogen sources).
Also, the results show that yeast ex-
tract at 1% concentration was the best
nitrogen source for carotenoids pro-
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duction (5.7 mg/l) and CDW (12.1
g/l), followed by peptone (4.3 mg/l),
ammonium sulphate (3.8 mg/l) and
beef extract (3.6 mg/l) after five days
of incubation. From the above results,
it could be concluded that yeast ex-
tract is the best nitrogen source and
so it is used in subsequent studies.
The results are in agreement
with those obtained by Baraka et al.,
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—_ (2% w NN w [=2]

L]

Control Yeast Malt

A extract

Beef peptone
extract

Amm. Ca.

extract phosph nitrate

nitrogen sources
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(2014) indicated that, yeast extract at
a concentration of 0.75% was the best
nitrogen source for carotenoid pro-
duction and growth of R. glutinis.
While Latha et al, (2005) demon-
strated that, maximum carotenoids
and growth of R. glutinis was ob-
served with sodium nitrate as nitro-
gen source.
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CP: Carotenoids production; CDW: Cells dry weight

Fig. 5. Effect of nitrogen sources on growth (g/l) (B) and carotenoids production

(mg/1) (A) by R. mucilagenosa

Effect of initial pH

Fig. 6 shows the effect of initial
pH values ranging from 3 to 8 on
CDW and carotenoids production by
R. mucilagenosa after 5 days of incu-
bation at 25[]. The results show that
R. mucilagenosa had ability to grow
and produce carotenoids under a wide
range of pH. The highest carotenoids
production (5.98 mg/l) and CDW
(12.5 g/l) were obtained at initial pH
6. Therefore, pH 6 could be consid-
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ered as the optimum pH for growth
and carotenoids production by R. mu-
cilagenosa.

Similar results were obtained by
Aksu and Eren (2007) and repeated
that, R. glutinis produced maximum
yield of carotenoids at pH 6. Also
Kanzy et al., (2015) concluded that,
the maximum level of carotenoids
production achieved at pH 6.6 for
both R. glutinis and R. mucilagenosa.
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Fig. 6. Effect of initial pH on growth (g/l) and carotenoids production (mg/l) by R. mu-

cilagenosa

Effect of temperature

Temperature is another parame-
ter, which affects the cell growing,
and metabolites; it affects the biosyn-
thetic pathways, including caroteno-
gensis. Data presented in Fig. 7 show
that R. mucilagenosa achieved high-
est carotenoids production (5.98
mg/l) and CDW (12.56 g/l) at 25°C
after five days. Also the results show
that carotenoids production and CDW
decreased by decreasing temperature
to 22 °C or increasing temperature to
28°C.

Similar results were observed
by El-Banna et al., (2012) who stated
that, the optimal temperature for ca-

i ——CP

CP (mg/l)

¥y Yo

rotenoids production and growth by
R. glutinis was 25°C. Also, Martin et
al., (1993) Reported that, the opti-
mum temperature was 22°C for R.
rubra. On the other hand, Latha et al.,
(2005) Recorded that, the maximum
carotenoid yield by R. glutinis DFR-
PDY was obtained at the ambient
temperature 29-32°C. Also, (Aksu
and Eren 2005) reported that, 30°C
was the optimum for R. mucila-
genosa. It could be noticed that the
effect of temperature on biosynthesis
of carotenoid depends on the species
specificity and strain characteristics.

— CDW - 14
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CP: Carotenoids production; CDW: Cells dry weight
Fig. 7. Effect of temperature on growth (g/l) and carotenoids production (mg/l) by R. muci-

lagenosa
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Effect of inoculum size

Fig 8. shows CDW and carote-
noids production by R.mucilagenosa
after five days of incubation with dif-
ferent inoculum sizes (2, 4, 6, 8 and
10% (v/v)). The results indicate that
yeast growth and carotenoids produc-
tion increased by increasing the in-
oculum size to 4%, it is due to the di-
rect relation between carotenoids
production and yeast growth. With
4% (v/v) of inculum size, R. mucila-
genosa reached the maximum carote-
noids production (6.997 mg/l) and
CDW (13.61 g/l). By increasing the
inoculum size to 6%, a slight de-

—o—CP

7 &

CP (mg/l)

~__

crease occurred in yeast growth and
carotenoids production. Data also
show that at higher ratios of inoculum
sizes (8 and 10%), growth and caro-
tenoids production decreased. That
would be caused by the inhibition ef-
fect of metabolites products in culture
medium which increased by increas-
ing biomass. Bhat and Marar (2015)
found that, maximum pigment pro-
duction by Salinicoccus sp. was
achieved with 2% inoculum. Also, Ji
et al., (2012) obtained maximum
yield of pigment with 2% inoculum
by Monascus purpureus.

r 15
cDW

ol 4
- v

10

Y ¢ inoculum size (%) 3

CP: Carotenoids production; CDW: Cells dry weight

Fig. 8. Effect of inoculum size on carotenoids production (mg/l) and yeast growth (g/1)

by R. mucilagenosa

Effect of salinity on carotenoids
production and yeast growth

The effect of salinity on CDW
and carotenoids production by R. mu-
cilagenosa was investigated in salted
OWE medium (1-6 % NaCl) after
five days at 25°C. The results in Fig.
9 showed that maximum carotenoids
production (7.2 mg/l) and CDW
(13.72 g/1) were obtained at 1% NaCl
and by increasing the concentration
of NaCl, growth weight and carote-
noids production decreased. There-
fore, the obtained results demonstrate
that this strain of yeast failed to pro-
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duce carotenoids at high concentra-
tion of NaCl. Mahmoud ef al., (2014)
reported similar results, which stated
that there was a high significant de-
crease in carotenoids production by
Rhodotorula sp. with increasing con-
centrations of NaCl. Also, they re-
corded that Rhodotorula sp. achieved
highest values of carotenoids produc-
tion with 2% of NaCl.

On contrast with our results,
Kanzy et al., (2015) reported that the
maximum carotenoid production was
achieved at 6% NaCl by yeast strains
of Rhodotorula.
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Fig. 9. Effect of salinity on yeast growth (g/l) and carotenoids production (mg/l) by

R. mucilagenosa

Conclusion

In the current study, the abun-
dantly available and non-efficiently
utilized orange waste was used as a
substrate for low cost production of
carotenoids by R. mucilagenosa 1so-
lated from karish cheese. The highest
carotenoids production and yeast
cells dry weight was obtained after 5
days at 25 °C with initial pH 6 by
adding 1% glucose, 1% yeast extract
and 1% NaCl to orange waste extract.
The maximal carotenoids production
was 7.2 mg/l.

References

Aksu Z., Eren A.T. 2005. Carote-
noids production by the yeast
Rhodotorula mucilaginosa: Use
of agricultural wastes as a car-
bon source. Process Biochem.,
40: 2985-2991.

Aksu, Z. and Eren, A. T. 2007. Pro-
duction of carotenoid by iso-
lated of Rhodotorula glutinis.
Biochem. Engin., 35:107-113.

Baraka A.A., Abeer E. A., Mohamed
E.A. 2014. Using whey for Pro-
duction of Carotenoids by
Rhodotorula  glutinis. Middle
East J. Appl. Sci., 4(2): 385-
391.

71

Bhat M.R., Marar T. 2015. Media
Optimization, Extraction and
Partial Characterization of an
Orange Pigment from Salini-
coccus sp. MKJ 997975, Int. J.
Life Sci. Biotech. Pharm. Res.,
4 (2): 85-89.

Bhosale, P.« Gadre R.V. 2001a. B-
Carotene production in sugar
cane molasses by a Rhodotorula
glutinis mutant. J. Ind. Micro-
biol. Biotechnol., 26: 327-332.

Bhosale P., Gadre R., 2001b. Optimi-
zation of Carotenoid Production
from Hyper[/Producing
Rhodotorula glutinis Mutant 32
by a Factorial Approach, Lett in
Appl. Microbiol,, 33 (1):12-16.

Buzzini P., Martin A., 1999. Produc-
tion of carotenoids by strains
of Rhodotorula glutinis cultured
in raw materials of agro indus-
trial origin. Biores Technol., 71:
41-44.

El-Banna A.A., Amal A.M., Ahmed
E.R. 2012. Some Factors Af-
fecting the Production of Caro-
tenoids by Rhodotorula glutinis
var. glutinis. Food and Nutri.
Sci., 3: 64-71.

Frengova G.I., Beshkova D.M. 2009.
Carotenoids from Rhodotorula



Assiut J. Agric. Sci., (50) No. (1) 2019(62-74)

ISSN: 1110-0486

Website: www.aun.edu.eg/faculty agriculture/journals_issues _form.php E-mail: ajas@aun.edu.eg

and Phaffia: Yeasts of Biotech-
nological Importance, J. of In-
dustrial Microbiol. Biotechnol.,
36 (2):163-180.

Hennekens C.H. 1997. p-Carotene
Supplementation and Cancer
Prevention, Nutrition, 13:697-
699.

Ji H., Jiang D., Cao L. 2012. Optimi-
zation of fermentation parame-
ters on T-DNA inserted Monas-
cus pyrpureus mutant MT24
with high pigment production
capacity, Res. J. Biotechnol., 7:
9-14.

Johnson E. A., Schroeder W. A.1995.
Microbial Carote-noids In: A.
Fiecher, Ed., Advances Bio-
chem. Eng. Biotechnol, 53:
119-178.

Kanzy M. H., Nasr N.F., Hoida A.M.,
Olfat S.B. 2015. Original Re-
search Article Optimization of
Carotenoids production by yeast
strains of Rhodotorula using
salted cheese whey, Int. J

Curr.Microbiol. App. Sci., 4(1):
456-469.

Korumilli T., Susmita M., 2014. Ca-
rotenoid Production by

Rhodotorula sp. on Fruit Waste
Extract as a Sole Carbon Source
and Optimization of Key Pa-
rameters, Iran. J. Chem. Eng.,
33(3):89-99.

Latha B.V., Jeevaratnam K., Murali
H.S., Manja K.S. 2005. Influ-
ence of growth factors on caro-
tenoids pigmentation of
Rhodotorula glutinisDFR-PDY
from natural source. Indian J.
Biotechnol., 4: 353-357.

Mahmoud A.G., Atef M., Moustafa
M., Wlaa T. 2014. The role of
some stress factors including

72

hydrogen peroxide, methylen
blue, sodium chloride and ultra-
violet on Rhodotorula glutinis
DBVPG # 4400 total carote-
noids production, In. J. Biosci.,
4 (9):10-19.

Marova,l; Carnecka, M; Halienova,
A; Certik, M; Dvorakova, T and
Haronikova. A. 2012. Use of
several waste substrates for ca-
rotenoid-rich ~ yeast biomass
production. J. of Environ.
Manag., 95:338-342.

Martin A., Lu C., Patel T. 1993.
Growth parameters for the yeast
Rhodotorula rubra grown in
peat extract. J. Ferm. Bioeng,
76:321-325.

Park P.K., Cho D.H., Kim E.Y., Chu
K.H. 2005. Optimization of ca-
rotenoid production by
Rhodotorula glutinis using sta-
tistical experimental design,
World J. Microbiol. Biotechnol.,
21:429-434.

Simova E.D., Frengova G.I., Beshko-
va D.M. 2004. Synthesis of ca-
rotenoids by Rhodotorula rubra
GEDS8 co-cultured with yogurt
starter cultures in whey ultrafil-
trate. J Ind Microbiol Biotech-
nol., 31: 115-121.

Stafsnes M.H., Josefsen K.D., Ander-
sen G.K., Valla S., Ellingsen
T.E., Bruheim P. 2010. Isolation
and characterization of marine
pigmented bacteria from norwe-
gian coastal waters and screen-
ing for carotenoids with UVA-
blue light absorbing properties,
J. Microbiol. 48(1):16-23.

Wilkins M.R., Suryawati L., Maness
N.O., Chrz D. 2007. Ethanol
production by Saccharomyces
cerevisiae and Kluyveromyces



Doi: 10.21608/ajas.2019.33459
Omar, Sabrien A. and M. A.E. Selim, 2019

http://ajas.journals.ekb.eg/

marxianus in the presence of or-
ange-peel oil. World J Micro-
biol Biotechnol.; 23(8):1161-
1168.

Wang B., Lin L., Lu L., Chen W.
2012.  Optimization of f-
carotene production by a newly
isolated Serratia marcescens

73

strain, Elect. J. Biotechnol., 15
(6): 1-12.

Young, A. J., Lowe G. M. 2001. An-
tioxidant and prooxidant proper-
ties of carotenoids. Archives of
Biochem. and Biophysics, 385:
20-27.



Assiut J. Agric. Sci., (50) No. (1) 2019(62-74) ISSN: 1110-0486
Website: www.aun.edu.eg/faculty agriculture/journals_issues _form.php E-mail: ajas@aun.edu.eg

e daul gy cilisig <) U dad ;) Al 3alaS JWi ) jas Cilia aladiu)
Sl ga Y 520 55 929
b pia gal) A A dadag e aal (b
a3 ) geaiall drala cdael )5l La glsn g Sl aud

aild)
lealadind (Kay Cun cdoa o gud) Al 8550 Joaal ) LS pe i o )< aad
DL Jye & i) 13 b i saus] ClaliasS s 49030 cleliall b 45k o 58
el 5 ISH daina | ) sanSimsae ¥ )i el o Ledpat &3 G 8 Caall (e 8y
DL (e iy JSI £ LY ald 508 JE L pae cililia (e Galiies pladiul & Cua
OB Y e g pSaall ) Baly 3l i 5 KD L) AdSS addd @lla g (Al g jrall B jpedd)
At jaal) ADL) cidae] DU Lebiadl LAY Adlida Cpas ity oS sdbae LRI 2
ol 0 amy (Uil fan YYLVO) (s Sae sai lebs (LA ol oaale V,Y) (s ST duali) e
e %Y 5 3 Sslall 5 %) Al JUE ) juae Cilie galiiie e dasl o
e T Gamr o Gl e s gageall 35K Rl 6 %) (5 shae die 3 pedl) aldiig

.;\j:éj/;\ﬂ\0~ L.A‘;C‘)S‘CA&'U:"“QAJJYO 3‘)\‘);2;‘)_3

74



