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ABSTRACT

An attempt was made to isolate yeast strains from different sources (flowers, trees exudates, fruits and cheese) which
have a fast growth rate and high content of carotenoids. Seventy cultures of pigmented yeast were isolated. Forty six
yeast isolates were selected and identified by simplified identification method which showed that all isolates belong to
Rhodotorula glutinis. These isolates were screened in two steps. Seventeen promising isolates of Rhodotorula glutinis
were selected after the primary screening. Then 6 yeast isolates were chosen and passed through the second screening.
The most promising isolate (isolated from pin cushion flower, Scabiosa atropurpurea) was selected according to its
total carotenoids content expressed as torulene (ng-g ' and pg-L™"). This isolate was reclassified using a number of mor-
phological, biochemical, and physiological characteristics which revealed that the yeast isolate agree well with those of
Rhodotorula glutinis var. glutinis. Dry biomass, amount and proportion of individual carotenoids and lipid content of

the selected identified yeast were determined.
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1. Introduction

Interest in carotenoids has increased considerably, due in
part to the growing evidence of benefits to human health
and also to the growth of certain areas of agriculture,
especially aquaculture and poultry industry [1]. The util-
ity of carotenoids as anticancer agents [2], as singlet
oxygen or free radical scavengers, as immune response
stimulants [3] and as colouring agents for cooked sau-
sage, soft drinks, baked goods and as additive to cosmet-
ics [4,5] is well known.

Microbial synthesis offers a promising method for pro-
duction of carotenoids. This explains the increasing in-
terest in production of microbial carotenoids as alterna-
tive for synthetic food colourants [1]. Several algae
(Dunaliella, Dictyococcus and Haematococcus), bacteria
(many species of eubacteria in addition to halobacteria in
archaebacteria), some filamentous fungi (belong to lower
fungi and Ascomycetes), yeasts (Cryptococcus, Phaffia,
Rhodosporidium, Rhodotorula, Sporidiobolus, and Spo-
robolomyces) are reported to produce carotenoids [1,
6-10].

Various species of Rhodotorula were isolated from
plant leaves, flowers, fruits, slime fluxes (or exudates) of
deciduous trees, soil, refinery waste water, air and yo-
ghurt [9,11-14]. The production of carotenoids by genus
Rhodotorula is affected by species, medium constituents
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and environmental conditions. The amount of carote-
noids produced by this genus can be arranged as low
(less than 100 pg-g '), medium (101 to 500 pg-g ') and
high (more than 500 pg-g') as reported by many others
[9,15-20].

The present study describes the isolation of pigmented
yeasts from its natural sources. Identification of yeast
isolates and selection of the highest carotenoid producing
isolate are also reported.

2. Material and Methods
2.1. Sources for Isolation of Pigmented Yeasts

A total of 200 samples were used during this work. Sam-
ples of fresh flowers (130), soils (31), tree exudates (11),
air (1), Drosophila (1), honey bees (1) and leaves of ficus
dicora (1) were collected from many locations in Alex-
andria, Egypt. Samples of fruits (14), Yoghurt (7), baker’s
yeast (1), cheese (1) and sugar cane juice (1) were ob-
tained from local market in Alexandria, Egypt. Yeasts
were isolated from its sources using streaking technique
on potato dextrose agar, purified and maintained on yeast
malt agar and stored at 5°C [13,21].

2.2. Screening of Isolates

Yeast isolates were grown in 250 ml flasks containing 50
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ml of the growing medium. Inoculated with 10% inocula
(Inocula were prepared by static culture technique for
primary screening and by shaking technique for secon-
dary screening using yeast extract-malt extract-molasses
medium. Inocula were grown until absorbance value (A)
reached 1 at 570 nm) and incubated at 30°C. Incubation
was carried out for 8 days in static culture for primary
screening and for 7 days in shaking culture (100 rpm) for
secondary screening. Colour of colonies and absorbance
at 570 nm were used as criteria for primary screening. On
the other hand, total carotenoids were used as criteria for
secondary screening.

Yeast extract-malt extract-molasses medium consists
of (g-L’l): yeast extract, 3, malt extract, 3, molasses, 50
and peptone, 5 with pH 5 was used as growing medium
for both primary and secondary screening.

2.3. Identification of Isolates

Forty six isolates of pigmented yeasts were classified
according to the simplified identification method [12].
The most promising isolate was classified in details once
more according to the methods currently employed in
yeast taxonomy [13]. Media used in yeast classification
according to the simplified identification method were
prepared as described by Deak and Beuchat [12]. All
other media used throughout this study were prepared
according to Kurtzman and Fell & Van der Walt [13,22].

2.4. Colour Measurement, Extraction,
Identification and Quantification of Total
Carotenoids

The colour of yeast pellets and yeast colonies grown on
yeast extract-malt extract agar slants was matched by
Munsell colour charts [23].

Total carotenoids were extracted from yeast pellets by
solvents fortified by butylated hydroxyanisole as anti-
oxidant to minimize the autoxidation of carotenoids as
described by Harrd [24]. The absorbance of the hexane
carotenoids extract was measured at 485 nm. Total caro-
tenoids content, as torulene, of the yeast cells was calcu-
lated and expressed as pg'g' of dry biomass and as
mg-L™" of culture. The extinction coefficient of torulene
in hexane [E%Z"n 2680 was used [25]. The carotenoids
extract was concentrated by evaporation of hexane sol-
vent using a stream of nitrogen gas and kept at —8°C un-
der nitrogen in dark. The crude carotenoids extract was
chromatographed on thin layer of a mixture of silica gel
G60 and calcium hydroxide (1:1w/w) using 5% benzene
in petroleum ether (b.p. 80°C - 100°C) as developing
system [26]. The separated carotenoids were identified
by their maximum absorption [16,27] and also by their R¢
values.

For the quantification of individual carotenoids a sim-
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ple method was used to avoid laborious separation. It is a
spectrophotmetric multicomponent analysis method which
is based on the assumption that the absorbencies for each
component can be added in a linear manner to the absor-
bencies of any other component. This method was used
to determine the three major carotenoids in the crude
extract namely B-carotene, torulene and torularhodin
directly without chromatographic separation [28]. At first
the absorbance of crude carotenoids extract was spectro-
photometrically measured at 500 nm, which represent the
maximum absorption of torularhodin. The crude carote-
noids extract (5 ml) was treated with calcium hydroxide
(0.25 g) to chelate the carboxylic carotenoid torularhodin
and the calcium hydroxide torularhodin chelate was re-
moved by centrifugation at 3500 rpm (900x g) for 5 min-
utes. The absorbance of the torularhodin free carotenoids
extract was remeasured at 500 nm and the torularhodin
content (ug-ml ") was obtained by subtraction of absorb-
ance at 500 nm before and after chelation and using the
torularhodin extinction coefficient 2040 [27]. After that
the absorbencies of the torularhodin free carotenoids ex-
tract were measured at 450 nm for B-carotene and 485
nm for torulene. At the same time known concentrations
of standard B-carotene and isolated and purified torulene
were measured each at the two aforementioned wave
lengths. These values were used to calculate the concen-
trations of B-carotene and torulene in the carotenoids
extract with the following interference equations [28]

Atotal carotenoids (450) — AB_carotene 450 CB-carotene 450

+ Arorutene 450" Corulene 450
Atotal carotenoids (485) — AB_carotene 485 CB-carotene 485
+ Arorutenc 485 Crorutenc 485

where

Atotal carotenoids (450), (485) = The absorbencies of torular-
hodin free carotenoids extract at 450 and 485 nm.

Ap_carotene (450), (485) = Calculated constants obtained from
absorbencies at 450 and 485 nm and the concentration of
standard B-carotene.

Arorulene (450), 485y = Calculated constants obtained from
absorbencies at 450 and 485 nm and the concentration of
standard torulene.

C. carotene (450), (435) = The concentration of B-carotene in
torularhodin free carotenoids extract pg-ml ™.

Crronlene(4s0), 485y = The concentration of torulene in to-
rularhodin free carotenoids extract pg-ml ™.

2.5. Production of Carotenoids by the Identified
Most Promising Isolate

Inoculum was prepared in yeast malt broth (prepared as
follows (g-L™'): yeast extract 3, malt extract 3, peptone, 5
with pH 5). Yeast malt broth was inoculated with 10%
inoculum and culture was grown in an orbital shaker
(100 rpm) at 30°C for 4 days. Cells were harvested by
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centrifugation and washed with Krebs-Ringer solution.
Dry biomass was determined according to Shin and Hang
[29]. Total lipids were assayed as described by Jacob
[30].

3. Results and Discussion
3.1. Isolation of Pigmented Yeasts

Seventy cultures of pigmented yeasts were isolated from
flowers (64 isolates), tree exudates (3), fruits (2) and
cheese (1). On the other hand, none of pigmented yeast
was isolated from the other sources. Other investigators
[11] reported the isolation of 30 strains of Rhodotorula
spp. from saline exudates of deciduous trees. The red
coloured colonies of Rhodotorula spp. were commonly
found on fruits and flowers [12]. Moreover, Rhodotorula
glutinis var. glutinis was isolated from flowers and tree
slime fluxes [13]. On the other hand, other authors iso-
lated pigmented yeasts from soils [14].

3.2. Identification of the Pigmented Yeast
Isolates by Simplified Identification Method

The seventy yeast isolates were purified and 66 pig-
mented yeast isolates were selected. The other four iso-
lates were ignored because their colours were white with
red top and were considered as non pigmented yeasts.
The cultural and microscopic characteristics of the se-
lected 66 yeast isolates were similar.

Yeast isolates were transferred to yeast malt agar
slants to obtain 2 days old yeast cultures. Twenty pig-
mented yeast isolates were omitted because they grew
very weakly on yeast malt agar. The other 46 isolates
were identified by simplified identification method [12].
The examined 46 cultures showed similarity in the main
characteristics. They give orange-red to dark red colonies,
positive urease reaction and assimilate nitrate coincides
with the ability to ferment glucose, assimilate inositol
and do not form ballistoconidia or arthroconidia. It can
be concluded that all 46 yeast isolates belong to Rho-
dotorula glutinis according to the simplified identifica-
tion method.

3.3. Screening of the Yeast Isolates

Yeast isolates were screened in two steps to select the
highest producer of the red pigment which is known to
be of carotenoids nature. Yeast extract-malt extract-mo-
lasses medium was used, because it contained sugar cane
molasses (5%). Many authors used molasses in media for
production of carotenoids by Rhodotorula sp. because of
their high content of minerals as well as their cheap price
[9,31,32]. Seventeen promising isolates of Rhodotorula
glutinis were selected (Table 1).

The primary screening depends on: measuring the
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Table 1. The selected 17 promising isolates of Rhodotorula
glutinis after primary screening®.

Yeast isolates Absorbance at As;p nm  Colour of colony Group

No. after 8 days® (Munsell charts) No.
0 9.00 10R6/10 1
42 3.63 10R6/10 I
1 7.00 10R7/8 I
2 5.73 10R7/8 I
3 9.73 10R7/8 I
4 6.60 10R7/8 I
5 9.00 2.5YR7/8 111
7 4.70 2.5YR7/8 111
8 10.77 2.5YR7/8 111
13 6.30 2.5YR7/8 I
22 7.97 2.5YR7/8 I
27 5.87 2.5YR7/8 11
40 8.53 2.5YR7/8 111
65 8.17 2.5YR7/8 111
6 7.00 S5YR7/6 v
63 6.77 5YR7/8 v
10 2.47 5YR8/4 VI

“Isolates were grown in yeast extract-malt extract-molasses medium in static
incubator at 30°C for 8 days; bMeasuring the absorbance (A) was carried out
using water diluted culture (9:1) and results expressed as: Ax10.

colour of colonies—grown on solid medium—by Mun-
sell charts and absorbance at 570 nm. According to
Munsell colour charts, the 17 yeast isolates were divided
to six groups as shown in Table 1. One isolate (No. 0)
was selected from group 1 (with 10R6/10 Munsell colour)
because it had higher absorbance at 570 nm. The absorb-
ance of this isolate (9.0) represent 248% of absorbance of
isolate No 42 (3.63). All yeast isolates (No. 1, 2, 3 and 4)
in group II (10R7/8) were selected because their colour
was darker than other groups (III, IV, V and VI). Only
isolate No. 8 was selected from the other groups because
it had the highest absorbance at 570 nm. The absorbance
of this isolate (10.77) represent 436% of the absorbance
of isolate No 10 (2.47) Moreover, isolate No 8 was iso-
lated from cheese while most of the isolates were isolated
from flower sources. Therefore, six yeast isolates of
Rhodotorula glutinis (No. 0, 1, 2, 3, 4 and 8) were cho-
sen.

The six chosen yeast isolates of Rhodotorula glutinis
were grown in Yeast extract-malt extract-molasses me-
dium with shaking (100 rpm) at 30°C for 7 days. Pellets
of the 6 selected isolates were harvested at the seventh
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day (highest absorbance at 570 nm). Total carotenoids as
torulene (ug-g ' and mg-L™") were determined (Table 2).
Furthermore, dry biomass (g-L™') was also measured.
Isolates can be arranged descendingly according to the
amount of total carotenoids produced as follows: 2, 0, 1,
3, 4 and 8. The amount of carotenoids produced by iso-
late No 2 and 0 (381 and 221 pg-g ', respectively) repre-
sent 421% and 244% of carotenoids produced by isolate
No. 8 (90.4 pg-g ™).

Isolate No. 2 was selected at first (highest content of
carotenoids). However, isolate No. 0 has priority over
isolate 2 and chosen for further study because it has con-
stant growth rate and it is stable during repeatedly trans-
ferring (transferred up to twenty times on yeast malt agar
slants). This selected isolate was isolated from pin cush-
ion flower (Scabiosa atropurpurea).

Increase of dry biomass did not indicate about the in-
crease of total carotenoids (Table 2), this finding is in
agreement with that reported by other investigators [15,
33,34].

3.4. Confirmation of Classification of Isolate
No. 0

The selected isolate No. 0 was reclassified [13]. The iso-
late was grown in yeast malt broth and yeast malt agar at
25°C for 3 and 30 days. Growth characteristics (Table 3)
revealed that the cells of the isolate are unicellular, ovoi-
dal with multilateral budding.

Additional tests for classification of the isolate to the
levels of genus, species and variety were carried out and
the results are presented in Tables 3 and 4. The studied
characteristics of yeast isolate No. 0 agree well with
those of Rhodotorula glutinis var. glutinis [13].

3.5. Production of Carotenoids by the Identified
Most Promising Isolate

Production of carotnoids by the most promising isolate

Table 2. Secondary screening of the chosen 6 isolates of
Rhodotorula glutinis®.

Isolate Dry biomass Total carotenoids expressed as torulene

No. gL g gL
0 11.5 221.1 2.6
1 10.3 215.8 2.2
2 09.5 380.9 3.6
3 11.0 157.4 1.7
4 11.2 099.3 1.1
8 10.2 90.4 0.9

“Isolates were grown in yeast extract-malt extract-molasses medium with
shaking (100 rpm) at 30°C for 7 days.
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Table 3. Tests” used as key to genus level of isolate No. 0.

Characteristics Results
1) Growth in yeast malt broth”
A: Cell shape Ovoidal
. . Length 4 - 6.4 pm
B: Cell size Width 2 - 3.6 um
C: Sedimentation +

2) Growth on yeast malt agar®

A: Colour Orange-red, 10R6/10
B: Texture Mucoid
C: Surface Smooth and glossy
D: Elevation Convex
E: Margin Entire

3) Budding Multilateral

4) Formation of:

A: Arthroconidia Absent
B: Ascospore Absent
C: Ballistoconidia Absent
D: Basidiocarps, Teliospores and Basidia Absent
E: Chlamydospore Absent
F: Endospore Absent

5) Diazonium blue B test +

6) Urease activity +

7) Coenzyme-Q +

8) Fermentation of glucose -

9) Assimilation of inositol -

10) Starch formation -

11) Xylose in whole cell hydrolysates Absent

12) Assimilation of D-Glucuronate -

13) Assimilation of nitrate (KNO3) +

*According to Kurtzman and Fell [13]; "Growth characteristics were iden-
tical after 3 and 30 days of incubation.

was carried out using yeast malt broth. This medium was
recommended for production of carotenoids from Rho-
dotorula glutinis [35].

Table 5 shows Munsell colour, dry biomass, amount
and proportions of individual carotenoids and total lipids
of the most promising isolate Rhodotorula glutinis var
glutinis. This carotenoids concentration is higher than
that reported by some workers [15-17,21,34]. The se-
lected isolate is a promising one for production of caro-
tenoids.
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Table 4. Tests” used as key to species and variety levels of isolate No. 0.

Characteristics Results Characteristics Results

1) Red colonies + Rhamnose (L) -

2) Assimilation of: Ribose (D) +
A: Erythritol - Salicin +
B: Melezitose + Soluble starch -
C: Melibiose - Sorbitol +
D: Sucrose + Sorbose (L) +

3) Growth on vitamin-free medium + Succinate +

4) Additional tests: Trehalose +
A-Assimilation of carbon compounds: Xylose (D) +
N-Acetyl-D-glucosamine - B-Assimilation of ammonium sulphate +
Arabinose (D) +

C-Additional assimilation and other growth Characteristics:

Arabinose (L) +
Cellobiose + -Glucosaccharate -
Citrate + -50% (w/w) glucose agar -
Ethanol + -10% NaCl + 5% glucose medium +
Fructose (D) + -Gelatin liquefaction -
Galactitol + -Growth at 37°C +
Galactose + -Acid production -
Gluconate (D) + -Cycloheximide resistance +
Glucosamine (D) - -Tolerance of 1% acetic acid -
Glucose + D-Coenzyme-Q +(10.6 pg-g " dry cell)
Glycerol + E-Whole cell hydrolysates:
Inulin - Fucose Present
Lactate - Mannitol Present
Lactose - Mannose Present (dominant)
Maltose + Xylose Absent
Mannitol (D) + F-Tests to variety level identification:
Methanol - Assimilation of nitrate (KNOs) + (strongly)
Methyl-D-glucoside ) Growth on vitamin—free medium M (Thiamin is not
Raffinose 4 required for growth)

*According to Kurtzman and Fell [13].

4. Conclusion

A new yeast strain was selected from 70 pigmented yeast
isolates. It was isolated from pin cushion flower (Sca-
biosa atropurpurea) and identified as Rhodotorula gluti-
nis var glutinis. This strain produced moderate amount of
carotenoids. A simple method was used, for the first time,
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to quantify the individual carotenoids without laborious
separations. This method depends on spectrophotometric
multicomponent analysis and based on the assumption
that the absorbencies for each component can be added in
a linear manner to the absorbencies of any other compo-
nent. This promising strain produced 7 g-L™" dry biomass,
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Table 5. Munsell colour, dry biomass, amount and propor-
tion of individual carotenoids and total lipid content of
Rhodotorula glutinis var glutinisa.

Determination Value

Munsell colour of pellet 10R7/8
Dry biomass (g-L™") 7.0
Total carotenoids:

Cellular carotenoids( ug-g ' dry biomass) 226

Volumetric carotenoids(mg-L ™' culture ) 1.6
Proportion of carotenoids (%):

B-carotene 57

Torulene 33

Torularhodin 10
Total Lipids (%) 124

Culture was grown in yeast malt broth with shaking (100 rpm) at 30°C for 4

days.

266 pg-g ' cellular caroitenoids, 1.6 pg-L™' volumetric
carotenoids, and contained 12.4% lipids, after growing in
yeast malt broth with shaking (100 rpm) at 30°C for 4

days.
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