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Abstract

The paper presents results on the biosynthesis of carotenoid pigments using
two strains of Rhodotorula ssp yeast. These yeasts were grown in medium
containing aqueous extracts of Asclepias syriaca plant, in the presence of
glucose, and low concentration of this carbon source. The process was
evaluated through the yield of wet biomass and carotenoid pigments by using
two culture media prepared in aqueous extracts of plants with different
contents in polyphenolic compounds. At the same time we analyzed the
influence of extracts on the development of these two strains of yeast, in terms
of consumption of polyphenols introduced into the culture medium, especially
when they were the only source of carbon. The data obtained have shown that
polyphenols present in the same concentration influence the development of
the two different species of yeast, in terms of biomass yield resulting behind
fermentation process and of the content of pigments biosynthesized. Also, when
these extracts were the only carbon source, yeasts have shown the ability to
metabolize them. To obtain a maximum content of carotenoid pigments we
performed process optimization (Newton method) and analyzed the stability of
calculated optimum.
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Introduction

Asclepias syriaca is a decorative plant, which grows scattered in Romania, especially
in wetlands and sunny areas. The plant has been much studied due to the variety of chemical
compounds and their large number of applications. The plant is little pretentious to the
ground, it can be easily multiplied and can grown in soils with normal chemical composition
[1]. Although Asclepias syriaca possesses an important potential of chemical compounds,
literature rarely presents information on their separation and use, isolated and unidirectional
[1]. In this context, the plant also shows interest for obtaining biomass, fiber, and seeds,
available for extraction with hot water [2].

On the other hand, Rhodotorula glutinis is one of the microorganisms producing [3-
carotene with potential for cultivation on an industrial scale because it has the advantage of high
growth rates; for its cultivation can be used inexpensive substrates such as: grape molasses, pear
extract, whey from cheese production, glucose syrup, soy flour extract [3, 4, 5].
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Currently, carotenoid pigments are the most widespread non-nitrogen natural pigments
that due to their conjugated double links on the molecule, color the tissues in which they
appear in yellow, orange, red or blue in various shades. They present a special interest
because of their anticancer and antioxidant properties [6]. Thus, we can estimate that there are
three very important reasons for which microbial carotenoid pigments deserve to be analyzed
and studied in detail. First, it is known that microorganisms provides a biotechnological and
economic production for obtaining carotenoid pigments, which may be an alternative to
chemical synthesis. Secondly, carotenoids provide a wide range of beneficial effects for
humans and animals. Thirdly, the carotenoid in yeasts and bacteria were considered as typical
secondary metabolites with a special role in the survival of such organisms.

For this reason, studies whose results are presented in this paper, have proposed the
cultivation of two different strains of Rhodotorula spp. yeast, in culture media prepared in
aqueous extracts of Asclepias syriaca plant, aiming to obtain carotenoid pigments. The
process was characterized by assessing the biomass yield, and at the same time analyzing the
influence of polyphenolic compounds on the development of microorganisms and carotenoid
pigments biosynthesis. Also, the study allowed establishing of optimal conditions for yeast
development, in terms of carotenoid pigments content, which can be translated into a complex
technology of biomass recovery.

Materials and methods

For these experiments we have cultivated two different strains of Rhodotorula spp.
yeast, denoted by R1 and R2, selected and purchased by the Biotechnology Applied in Food
Industry — Integrated Center for Research and Education — Bioaliment, ,,Dunarea de Jos”
University, Galati. Prior to the experiment, yeast was cultivated in a medium with the
following composition: 10 g/L glucose, 5g/L peptone, 3 g/L. malt extract, 3 g/L yeast extract.

Asclepias syriaca stems were harvested from a plantation with energy purpose, being
dried under constant humidity and temperature, grounded and subjected to hot water
extraction process as follows: amounts of 0.5 respectively 5 g dried plant material were
introduced in an 250 mL Erlenmeyer flask with 125 mL distilled water and were kept on
water bath at 85-90 °C for 45 min under constant stirring. The operation was repeated until the
water extraction was colorless and extracts were cumulated to a volume of 1L using distilled water

The yeasts were grown in two culture media which are distinguished by the glucose
content. The first culture medium has the following chemical and mineral composition: 15
g/L glucose, 2.5 g/L yeast extract, 3 g/L sodium acetate, 1 g/L (NH4)2SO4, 1 g/L KH,POy, 0.1
g/L CaCl,, 0.25 g/L MgSOy4 - 7TH>0, 0.015 g/L ZnSOy4, 0.015 g/L CuSOy4 - SH,0. The second
culture medium is different from the first by the presence of a low content in glucose,
respectively 1g / L used for activation of microorganism metabolism. These components were
dissolved in aqueous extracts of Asclepias syriaca, after which they were sterilized at 121 ° C
for 15 min. The culture medium was distributed in 100 mL volumes Erlenmeyer flasks (250
mL) and inoculated with this two yeast strains. The number of cells used for inoculation was
determined by measuring optical density at 620 nm. An absorbance of 0.5 is equivalent to 10’
cells in 1 mL inoculum [7]. Each flask was inoculated with 4 x 10’ CFU (CFU = colony
forming unit) in part. Culture duration was 9 days, during which samples have been taken
every 24 hours. Biomass was recovered from the culture medium by centrifugation at 4000
rpm.

The determination of total polyphenolic compounds concentration was performed
using Folin-Ciocalteu method. For this purpose, measure the 1mL sample, 500 pL Folin-
Ciocalteu reagent, 2 mL NaCO; 10%, and 5 mL distilled water. The mixture was shaken
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thoroughly and was allowed to stand for 90 minutes, and then absorbance was read at 765 nm
against the blank with the same composition except for sample analysis [8].

Extraction of carotenoid pigments was carried out of the total biomass recovered from
the culture medium. The extraction procedure was the following: cells were recovered by
centrifugation washed with distilled water three times, suspended in 3 mL dimethyl sulfoxide
(DMSO). To increase the efficiency of extraction, the suspension was maintained at -20 © C
for 24 hours [9], after which it was subjected to sonication for 15 minutes [10]. After that it
was centrifuged and the supernatant was recovered in a centrifuge tube. This procedure was
performed three times, to destroy all of the yeast cell wall. After treatment with DMSO, the
residual biomass was treated with acetone until it remained colorless. Phases separated by
acetone were mixed with those obtained with DMSO. In the tube with both phases were
added 2 mL NaCl 20%, 2 mL water and 2mL hexane, achieving liquid-liquid extraction, until
the hexane remained colorless. The hexane phases were collected and brought to the
volumetric flask, to report the concentration of total carotenoid pigments. After extraction the
samples were stored at -20°C until UV-VIS analysis [11]. The concentration of total
carotenoid pigments was established by UV-VIS analysis. Carotenoid pigments were
quantified at 450 nm, using B-carotene as a standard. [12]. The solution samples containing
pigment absorbance was established, and the concentration was calculated according to the
calibration curve, depending on the volume flask dimensions, related to quantity of dry
biomass compared to those associated sample. Concentration of carotenoid pigments was
reported in pug / g dry biomass [11].

The results recorded were statistically evaluated by calculating the standard error
using Microsoft Office Excel.

To optimize the process, we aimed to maximize the amount of carotenoid pigment
biosynthesized by these two yeast strains. To this purpose, the objective functions used were
obtained by calculating the regression coefficients considering two independent variables:
time of culture and the amount of biomass from which the pigment was extracted. To this end
the Newton method was applied [13] to calculate the Hessian, and follow the direction of
search to locate a maximum. Through simulation, finally, we performed a stability analysis
for the optimal values determined [14].

Results and Discussion

Aqueous plant extracts obtained from A. syriaca is characterized by a high content of
polyphenolic compounds [16] which, once introduced in the culture of yeast Rhodotorula.
spp, can stimulate or inhibit their development (Fig .1,2). The data obtained reveal variation
in biomass yield registered during the fermentation of these two yeast species in medium
containing extract in various concentrations of polyphenolic compounds, considering that we
used different concentrations of glucose. Previous experiments [1] evidenced that aqueous
extracts of A. syriaca with a total polyphenolic content of 53.47 mgGAE / L, inhibits the
growth of yeast R1 (Fig. 1, R1 ASO0.5). Growing yeasts in extracts with higher polyphenol
content (112.93 mg GAE/L) resulted in obtaining a higher biomass yield (R1AS5) compared
with the corresponding reference sample (R1).

To clarify the role of polyphenolic compounds on yeast growth and carotenoid
pigment biosynthesis, the glucose from culture medium was decreased to 1 g/L. In these
circumstances, for the same strain and different concentrations of polyphenolic compounds,
the results were compared in terms of biomass yield in the cultivation of yeasts on media with
different additions of glucose (Fig. 1 R1’AS05, R1’ASS5). Thus, it was found that if the
addition of glucose decreases in medium with low concentration of polyphenols, the positive
evolution of microorganisms occurs only in the first 24 hours. Then, probably because
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comsumptions of sugar as a source of carbon is decreased the biomass yield, which records in
the end of process the lower values corresponding to the blank. When cultivation media
contain higher amounts of polyphenols (112.93 mg GAE/L) the positive evolution of yeast
lasts up to 72-96 hours. In this situation it can be appreciated that yeast have access to
additional sources of carbon present in more concentrated extracts. Subsequently, the
regression of microorganisms growth follows trends similar to those reported in the previous
experiment.
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Fig. 1 Variation of wet biomass amount for R1
strain. R1- reference; R1AS5 and R1ASO05
cultures in plant extracts from 0.5 to 5g
material and 15g / L glucose; RI1’AS0O5 and
R1°ASS cultures in extracts of 0.5 and 5 g plant
and 1g /L glucose

Fig. 2. Variation of wet biomass amount for R2
strain. R2 reference; R2ASS5 and R2ASO05
cultures in plant extracts from 0.5 to 5g
material and 15g / L glucose; R2’AS05 and
R2’AS5 cultures in extracts of 0.5 and 5 g
plant and 1g/ L glucose

Following the evolution of glucose use by yeast (data not shown) revealed that it was
more rapidly depleted in culture media lacking polyphenols. However, in environments
featuring 1 g/L glucose, in the presence of polyphenols there are relatively high yields in
biomass, which leads to the conclusion that yeasts metabolize aromatic compounds, as
presented below.

A different behavior was observed for the R2 strain (Fig. 2). Thus its cultivation in the
presence of the concentrated extracts resulted in a high biomass yield (37 g/L, after 192
hours), which exceeds the amount recorded for the reference. Using more dilute extracts gave
yeasts unfavorable conditions for development embodied in lower biomass yields. Reduction
of sugar concentration affects the biomass yield, but to the extent to which it still presents
convenient values, despite being below the control culture. It remains within convenient
conditions due to the metabolism of polyphenols as carbon source.

According to literature [5], the pH plays an important role in the development of these
two yeast species. It was recommended to keep it at the value 6.5. In experiments performed,
media pH was set at 6.0 before sterilization. Later, during the process starting from the 4th
day there was a decrease in pH, towards the end values setting at around 7 and 8. This
variation could be correlated with the conversion of glucose and polyphenols in intermediary
products which cannot be found in culture media causing the increase of pH.
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As previously shown, polyphenolic compounds could be a carbon sources for
yeast. This hypothesis was confirmed by following the evolution of polyphenolic content

during the fermentative process (Figure 3 and 4).
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Fig. 3 Variation of total polyphenol Fig. 4 Variation of total polyphenol

concentration for RI1 strain cultivation (R1-
culture blank; R1AS5 and R1ASOS5 cultures in
plant extracts from 0.5 to 5g material and 15g/
L glucose; R1’ASO5 and R1’ASS cultures in
extracts of 0.5 and 5 g plant and 1g/ L glucose)

concentration for R2 strain cultivation (R2-
culture blank; R2AS5 and R2AS05 cultures in
plant extracts from 0.5 to 5g material and 15g
/ L glucose; R2°AS05 and R2°ASS5 cultures in
extracts of 0.5 and 5 g plant and 1g / L

glucose)

The data presented certify that microorganisms consume polyphenols, highlighting
the continuous decrease in concentration throughout the fermentative process. The two
strains are differentiated by their ability to degrade the polyphenolic compounds, reducing
the concentration being more pronounced in the case of R2 strain. The process of
polyphenol degradation becomes evident when a small amount of glucose is inserted in
the culture media [16]. Under these conditions, while reducing the access of
microorganisms to glucose, yeasts will use polyphenols as a carbon source, each species
showing a specific action on the enzyme systems that are involved in these
transformations.

We also noticed a variation of pH attributed to the degradation of polyphenolic
compounds by enzymatic attack and the resulting products by yeast metabolism [15]. For
cultures carried out in culture medium with 1 g/L glucose content was observed a sharp
increase in pH to values of about 9. We also found that the pH value no longer
significantly changes from the fifth day of culture until the end of the process.

Microorganisms used in this study are characterized by their ability to
biosynthesize carotenoid pigments. Fig. 5 shows the variation of total carotenoid pigments
concentration determined from the biomass produced by the R1 strain. When yeasts are
grown in medium prepared in an aqueous extract from A. syriaca it was found that this
affects negatively the biosynthesis of pigments.
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Fig. 5. Variation of carotenoid pigments Fig. 6. Variation of carotenoid pigments
concentration for strain R1 (R1-culture blank; concentration for strain R2 (R2-culture blank;
R1ASS5 and R1ASO5 cultures in plant extracts R2ASS and R2AS05 cultures in plant extracts
from 0.5 to 5g material and 15 g/L glucose; from 0.5 to 5g material and 15 g/L glucose;
R1°AS05 and R1°ASS cultures in extracts of 0.5 R2’AS05 and R2’AS5 cultures in extracts of
and 5 g plant and 1g/L glucose) 0.5 and 5 g plant and 1g/L glucose)

The phenomenon was similar for the two experiments performed with different
concentration of glucose. A particular situation is shown for the R2 strain (Fig. 6). It
synthesizes amounts of carotenoid pigments higher than that the reference after 192 hours
(11 pg / g biomass) when the culture was prepared in a more dilute extract. If there was a
higher concentration in the extract, the maximum pigment content is recorded after 120
hours, after which the amount remains constant. When in the culture media the glucose
concentrations was reduced at 1 g/L there were found better results for the R2 compared
with the R1 strain. Thus, there were higher values in pigment content at 168 hours,
exceeding those corresponding to the blank when the culture contains 112.93 mg GAE/L
total polyphenols.

Data provided by experiments whose results have been previously discussed were
used as basic elements for the optimization of fermentation processes using the Newton
method. The process applied concluded that in terms of optimization calculations it was
possible to obtain a concentration of carotenoid pigments at 38.834 pg/g biomass for a
period of 216 hours of culture. Conditions established in the experiments led to a value of
pigment concentration of 38.69 nug/g, which were confirmed by the results of the
optimization study. Under these circumstances, we proceeded to analyze the optimum
calculated by normalizing the time frame of 168-216 hours and the amount of wet
biomass in the range from 29.975 to 31.416 g/L. The results obtained by simulation and
shown in Figure 7 show that in the end of the process we can obtain the maximum amount
of pigment for the 216 h time duration of culture, corresponding to the yield in biomass
of 31.40 g/L.
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Fig. 7. Response surface for the variation of
carotenoid pigments concentration for strain
R1 in reference culture, depending on time
and quantity of biomass (normalized values):
x- time, h; y-wet biomass, g/L, z—
concentration of carotenoid pigments pg/g dry
biomass

Fig. 8 . Response surface for the variation of
carotenoid pigments concentration  for
R1ASO0.5 culture depending on time and
quantity of biomass (normalized values): x-
time, h; y—wet biomass, g/L, z—concentration
of carotenoid pigments pg/g dry biomass

Figure 8 shows that an optimal content in carotenoid pigments was 9.5 pg / g dry
biomass and it was obtained after 192 hours. This value was lower than that determined for
the reference. Normalization in this case was made for the period of 120-216 hours and for the
biomass yield from 9.61 to 20.0 g / L. Simulation showed that the optimal concentration of
pigment can be obtained for duration of 191-194 hours and the biomass yield from 17.30 to

17.61 g/ L.

The same calculations were carried out for optimization of the R2 strain grown in
standard medium (control culture), and in the extract prepared from 4. syriaca. For the control
culture we may obtain optimal content of carotenoid pigments of 21.78 pg / g dry biomass (Fig.
9) for duration of 216 hours and a biomass yield of 34 g / L. Normalization was performed for

the period of 168-216 hours and the biomass

yield of 29.0 to 34.0 g / L. In experimental

conditions, after 216 hours we recorded a content of pigment of 21.8 pg / g dry biomass, thus
confirming the results of optimization. Simulations carried out led to the conclusion that the
optimum values are preserved for the 216 hours and a biomass yield of 34 g/ L.

Figure 10 represents the response surface in the case of optimization for yeast R2
cultivation in culture medium with extracts prepared from 4. syriaca. Analyzing the data
obtained shows that the optimal content of pigments is registered after 191 hours of culture,
the high value found for strain R1. Optimum stability analysis has confirmed that it lasts for
the period of 192-196 hours for a variation in wet biomass yield in tight range of values from

36.49 t0 36.73 g/ L.
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Conclusions

The data presented reveal that aqueous extracts of A. syriaca may be used for
preparing media for cultivation of Rhodotorula species in order to obtain carotenoid
pigments.

Experiments led to the conclusion that this two studied species behave differently
according to the concentration of polyphenolic compounds from the extracts and the glucose
concentration. Thus, the R1 strain produces a larger amount of biomass compared with R2,
when grown on diluted extracts in the presence of high concentration of glucose. Reducing
sugar content of the culture and using extracts from 4. syriaca provide conditions for
multiplication of microorganisms in the first 4 days and the biomass yield is higher for R1
when compared with those recorded for R2.

Polyphenolic compounds existing in extracts were used as carbon source by these two
microorganisms. Thus, the R2 strain degrades a larger amount of polyphenols, characterized
by a different metabolism from that of R1 strain. Also, the two strains grown in standard
conditions synthesize carotenoid pigments in different quantitys (R1 more than R2).

Cultivation of strain R1 in diluted aqueous extract prepared from A. syriaca and low
concentrations of glucose produce a biomass with a lower content in pigments compared to
that recorded for the reference. In contrast, strain R2 was characterized by higher productivity
in pigments, when it was cultivated in extract with 1 g/L glucose added.

Using a culture medium with 1 g/L glucose content and aqueous extracts of 4. syriaca
may be an economic solution for the biosynthesis of carotenoid pigments.

Although the amount of carotenoid pigments obtained from experiments is low
compared with literature data, these culture conditions are economically favorable. Thus,
these culture media can be used for carotenoid pigments biosinthesis at favorable cost.

Optimization studies have allowed the establishment and confirmation that the R2
strain can be cultivated in a medium prepared with aqueous extracts of A. syriaca containing
112.93 mgGAE / L polyphenols and 1 g/L glucose added.
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