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ARTICLE INFO ABSTRACT

In order to produce carotenoids with antioxidant potential from the wild yeast Rhodotorula mucilaginosa,
Sporidiobolus pararoseus and Pichia fermentans, isolated from the ecosystem of Escudo Sul-Rio Grandense (Brazil),
cultivations were performed with: raw glycerol and corn steep liquor (M1), sugar cane molasses and corn steep
liquor (M2) and Yeast Malt (YM) broth. Production of S-carotene more than 63% was obtained in all the ex-
periments. The antioxidant activity of the extracts was analyzed by the methods DPPH, ABTS and FRAP. S.
pararoseus is highlighted, showing 635 and 830 ug.L ™" of carotenoids in M1 and M2, respectively. The extracts
of P. fermentans in M2 were promising in relation to the antioxidant activity, presented results not reported in the
literature until the present moment. Based on these results and the importance of obtaining carotenoid com-
pounds from alternative sources, the proposed means, as well as the yeasts used, were shown to be promising
choices. The use of agroindustrials media and microorganisms isolated from the ecosystems intensify the im-
portance of this study providing new sources of biocompounds from the biodiversity and biotechnological po-
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tential of Brazil.

1. Introduction

The carotenoids are the most widespread class of pigments in nature
(Maldonade et al.,, 2008; Ngamwonglumlert and Devahastin, 2019;
Rodriguez-Concepcion et al., 2018). Most carotenoids are C40 tetra-
terpenoids, composed of 8 isoprenoid units, linked in such way that the
molecules is linear and symmetric, with the order inverted in the
center. The basic structure can be modified by hydrogenation, dehy-
drogenation, cyclization and oxidation. The light absorption char-
acteristic of these pigments occurs due to conjugated double bonds
chain which acts as chromophore (Stahl and Sies, 2003; Valduga et al.,
2009b). The characteristic structure of the carotenoid determines their
actions and the potential of their biological functions (Britton, 1995;
Cheng and Yang, 2016; Hempel et al., 2016; Poliak et al., 2018).

Carotenoids are known for their anticancer activity and pro-vitamin
A function. These compounds are largely used in dietary supplements,
food coloring agents and cosmetic and pharmaceutical additives

(Ngamwonglumlert and Devahastin, 2019; Vi and Forja, 2011). Fur-
thermore, these important group of compounds are widely studied due
to their antioxidant activity (Edge et al., 1997; Esteban et al., 2015;
Papaioannou et al., 2011; Ribeiro et al., 2018; Thaipong et al., 2006;
Wang et al., 2010). They act as membrane-protective antioxidants that
efficiently scavenge O, and peroxyl radicals. Possibly its antioxidant
activity is related to their structure (Marova et al., 2012). Carotenoids
can be obtained by many bacteria, fungi, and plants (Amorim-Carrilho
et al., 2014; Rodriguez-Amaya, 2010). Carotenoids obtaining by mi-
crobial way has advantages such as availability of cultivation
throughout the year, and the possible industrial production level using
less area (Valduga et al., 2009a), especially with the use of micro-or-
ganisms such as yeasts. These microorganims are highlighted by using
simple nitrogen and carbon sources for its growth, being easy to adapt
on inexpensive substrates. In addition, many of the potential producers
are considered GRAS (Generaly recognized as safe) (Oliveira et al.,
2017; Rodriguez-Amaya, 2001; Rodriguez-Amaya, 2010; Valduga et al.,
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2009a).

The production of carotenoids by fermentation is limited by the
processing costs (Maldonade et al., 2008), but the use of industrial
byproducts as a source of nutrients, can reduce costs and to make
possible the industrial production of these compounds (Aksu and Tugba
Eren, 2005; Rios et al., 2015). According to BCC Research (2018) the
carotenoid market value was estimated at about $ 1.5 billion in 2017,
and is expected to reach $ 2.0 billion by 2022 with an annual growth
rate of 5.7%.

The use of alternative substrates, the agroindustrial byproducts, and
the cheapening of costs can generate the reduction of environmental
problems such as discard and the cost of waste treatment (Makkar and
Cameotra, 2002; Strati and Oreopoulou, 2014). In this context, raw
glycerol, sugar cane molasses and corn steep liquor can become an al-
ternative for producing carotenoids (Machado and Burkert, 2015).
These products are found in abundance due to the production of bio-
diesel, sugar and corn processing, which may contribute both as source
of carbon and/or nitrogen and other nutrients for microbial metabolism
(Imandi et al., 2007; Valduga et al., 2014; Saenge et al., 2011).

Due to the importance of these compounds, the search for new
carotenoid-producing microorganisms and new ways to improve pro-
duction are constant goals (Cipolatti et al., 2015; Marova et al., 2012;
Yoo et al., 2016). Thus, the study of the use of alternative substrates for
the production of microbial carotenoids is of great importance to
minimize environmental impacts, in addition to enabling the reduction
of costs of obtaining these pigments with antioxidant activity. The ob-
jective of this study was to produce carotenoids from culture media
containing corn steep water and raw glycerol, and corn steep liquor and
sugar cane molasses in liquid media with the yeasts: Rhodotorula mu-
cilaginosa, Sporidiobolus pararoseus and Pichia fermentans, initially iso-
lated from the Litoral Médio and Escudo Sul-Rio-Grandense (Rio Grande
do Sul - Brazil), and evaluation of the antioxidant activity of extracts.
The obtaining of high value-added compounds such as antioxidants
from agro-industrial byproducts adds value to the raw material and can
cheapen the costs of antioxidants. In addition, no antioxidant activity
studies of carotenoids obtained by Pichia fermentans have been found to
date.

2. Material and methods
2.1. Agroindustrial substrates

The byproducts used were obtained in agro industries: raw glycerol,
derived from the biodiesel synthesis (BS Bios Indtistria e Comércio de
Biodiesel Sul Brasil S/A - Passo Fundo - RS); sugar cane molasses
(Guimaraes Indtstria e Comércio Ltda - RS) and corn steep liquor (Corn
Products - Balsa Nova - PR).

2.1.1. Partial characterization of agroindustrial byproducts

The determinations of carbon, nitrogen and hydrogen were per-
formed for corn steep liquor in an Elemental Analyzer CHNS/O 2400
Series II da PerkinElmer. The same determinations were made for raw
glycerol (Silva et al., 2012), for sugar cane molasses and the compo-
nents of YM medium (Otero et al., 2019) Except the determination the
carbon percentage in the sugar cane molasses was performed in a total
organic carbon analyzer (modelo TOC-V CPH/CPN, Shimadzu, Japan).

2.2. Microorganisms

Yeasts isolated from environmental samples were used the experi-
ments. They were isolated from the Litoral Médio and Escudo Sul-Rio-
Grandense (Rio Grande do Sul - Brazil) identified as Sporidiobolus
pararoseus, Pichia fermentans and Rhodotorula mucilaginosa (Otero et al.,
2019). The microorganisms are deposited in the André Tosello Tropical
Culture Collection: Sporidiobolus pararoseus (CCT 7689), Rhodotorula
mucilaginosa (CCT 7688) and Pichia fermentans (CCT 7677).
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2.3. Maintenance and reactivation of microbial cultures

The yeasts were maintained in GYMP agar slants tubes (wv™hH
(20 g.I.7 ! of glucose, 10 g..~* of malt extract, 5g.L. ! of yeast extract,
2g.L~! of NaHPO, and 2g.L~ ' of agar) at 4 °C (Fonseca et al., 2011).
The maintenance of the microorganism in GYMP is made every 3
months. For reactivation, the microorganisms were transferred to Yeast
Malt agar slants (YM): 3 g.L_1 of yeast extract, 3 g.L_1 of malt extract,
5g.L.7! of peptone, 10g.L~" of glucose, added 0,2g.L~' of KNO;
(Parajo et al., 1998) at 25 °C for 72 h.

2.4. Inoculum

From the tubes containing the micro-organisms in YM agar slants, a
cell suspension was carried out (one mL) in sterile peptone water
(0.1%) and added to

9 mL of YM broth and incubated at 25 °C for 48 h. The inoculum was
cultivated in Erlenmeyer flasks of 250 mL containing 90 mL YM broth
previously sterilized at 121 °C for 15 min, plus the cell suspension, and
incubated at 25°C, 150rpm for 48h or enable time for reach
1x108 cells.mL ™! by counting in a Neubauer chamber (Michelon et al.,
2012).

2.5. Cultivation

First, it was determined the C/N ratio of the YM broth, in order to
adjust a similar ratio in the preparation of culture media for yeasts with
the byproducts. To achieve this ratio, it was used the SOLVER tool,
available in the EXCEL software. The C/N ratio was 6.20 (similar to YM
medium), carbon concentration was 8.50% and nitrogen concentration
was 1.37%. The formulated media contained:

4.8¢.L7! of raw glycerol and 35.6 g.L.~! of corn steep liquor (M1);
and

6 g.L~! of sugar cane molasses and 36.5g.L ™! of corn steep liquor
(M2).

Yeast cultivations were performed in 500 mL Erlenmeyer flasks with
153 mL of the medium (M1, M2 or YM) at initial pH 6.0, with 10%
inoculum, and the operating conditions of the process were 180 rpm for
168 h at 25 °C (Michelon et al., 2012; Fonseca et al., 2011).

2.6. Determination of biomass concentration

Aliquots were taken from cultures at the starting time (0 h) and at
12, 24, 36, 48, 72, 96, 120, 144 and 168 h and centrifuged (1745 % g)
for 10min. The supernatants were separated to pH determination
(AOAC, 2000) and the precipitates were washed with distilled water
and resuspended in volumetric flasks. The biomass concentration
(g.L~ 1) was estimated by absorbance reading at 620 nm, and a standard
curve previously determined for each micro-organism (Kusdiyantini
et al., 1998). Where y is the biomass concentration (g.L’l) and x is the
absorbance.

R. mucilaginosa: y = 0.0428 + 1.0427 * x(r = 0.9982) D
P. fermen tans: y = 0.1002 + 1.6712 * x(r = 0.9991) 2)
S. pararoseus: y = 0.0354 + 0.9729 * x(r = 0.9938) 3)

2.7. Determination of total carotenoids

The biomass obtained at the end of cultivation (168 h) was dried at
35 °C for

24 h and frozen for 48 h at — 18 °C. It was macerated in a mortar and
pestle and sieved into 115 mesh corresponding to particulate sizes
of > 0.125 mm (Cipolatti et al., 2015).

To disrupt the cell wall, 2mL of dimethylsulfoxide (DMSO) was
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used in direct contact with biomass (0.05 g), then vortexing was per-
formed for 1 min at 15 min intervals, totaling 1 h (Cipolatti et al., 2015;
Fonseca et al., 2011; Pires-Cabral et al., 2005). After the rupture, it was
added 6 mL of acetone to extract the carotenoids. The sample was
centrifuged at 1745 X g for 10 min, the acetonic phase was separated
and the disruption procedure was repeated until the disappearance of
the yellowish color of biomass. In the phase containing the carotenoids
10 mL of sodium chloride solution 20% (w/v) and 10 mL of petroleum
ether were added. After stirring and separation of phases, the excess
water was removed with sodium sulfate (Na,SO,), giving rise to car-
otenogenic extracts. The determination of the concentration of total
carotenoids in the extracts was performed in a spectrophotometer at
448 nm (Silva et al., 2012). The results of concentration of total car-
otenoids were obtained by Equation (4) (Moriel et al., 2005), expressed
in terms of its major carotenoid P-carotene (specific absorptivity in
petroleum ether of 2592, experimentally obtained) (Davies, 1976).

A% V% 100

TC = —=
AIC;Vl * 100 * mamoslra (4)

where: TC = total carotenoids (ug.g~'); A = absorbance; V = volume
(mL); Mgample = dry cell mass (g); Ajsr, = specific absorptivity.

To calculate total carotenoids (ug.L_l) with the results of the spe-
cific concentration and biomass concentration, unit conversion was

performed.
2.8. Identification and quantification of carotenoids

Carotenoids obtained at the end of the cultivations (168 h) were
identified and quantified using high-performance liquid chromato-
graphy (HPLC) (Shimadzu, Quioto, Japan), consisting of a pump system
LC-20AT, degasifier DGU 20As, controller CBM-20A, manual injector
with loop of 20 pL and spectrophotometric detection system

SPD-20A at 450 nm (Supplementary material).

The equipment control and data acquisition was done by LC
Solution software. The determinations were performed using a chro-
matographic column Reverse Phase Discovery Bio Wide Pore C18,
10 um (25 cm X 4.6 mm), maintained at room temperature. It was used,
as mobile phase for the elution of carotenoids, a mixture of acetonitrile:
methanol: ethyl acetate (70:30:0 v.v™ ! in the gradient mode, with a
flow of

1 mLmin~?, and the total run time of 17 min (Cipolatti et al., 2015).
The quantitation was performed by the standard curves showed in
equations (5)—(7).

Yastaxanthin = 127978,1x — 32563,730‘ = 0-9946) 5)
Viutein = 287419,9x — 17246,59(r = 0.9996) 6)
Ve carorene = 143743,8x — 107361,3 (r = 0.9977) %)

2.9. Determination of total reducing sugars (TRS)

Samples of the medium with the products were hydrolyzed with
2mol.L ! HCl in a bath at 55°C for 30 min, followed by addition of
2mol.L ! NaOH (Liu et al., 2012). The determination of total reducing
sugars (TRS) was performed using the 3-5 dinitrosalicylic acid (DNS)
spectrophotometric method (Miller, 1959), using a glucose standard
curve (Equation (8)), whose concentration ranged between 0.1 and
1g.L~ ! Where y is the glucose concentration (g.L."!) and x is the ab-
sorbance measured at 540 nm.

y = 0.028x — 1.6696(r = 0.9957) ®)

2.10. Determination of kinetic parameters of cultivation

To obtain the conversion factors, maximum specific growth rate and
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productivity, the data from analytical determinations were used. These
parameters were calculated according to the following equations:

_ 1dx

Mmax = X dt (9)
p

Yos = =

P/S rs (10)
Ix

Y5 = =

X/S T (11)
rp

Yox = &

P/X Iy (12)

where: Y = conversion factor; X = biomass (g.L_l); S = substrate
(glucose) (g..™1); P = product (carotenoid) (ug.g~ 1.

The productivities in biomass (P in g.L.”*.h™') and in carotenoids
(P¢ in pg.L."1.h 1) were calculated by equations (13) and (14).
Xn — X,

PX =
f (13)

Pm_B)

PC =
I 14

where: X, = maximum biomass concentration (g.L_l) achieved in tg
X, = initial biomass concentration (g.L’l); te = cultivation time related
to X, (h); P, = maximum concentration of carotenoids (ug.]_,—l)
achieved in tg P, = initial concentration of carotenoids (llg.Lfl);
t¢ = cultivation time related to P, (h).

2.11. Determination of antioxidant activity

The carotenogenic extracts obtained from yeast biomass were con-
centrated on a rotary evaporator and resuspended in petroleum ether to
determine the antioxidant activity under different oxidizing conditions
(Cipolatti et al., 2015). The scavenging of DPPH (2,2-diphenyl-1-pi-
crylhydrazyl) was determined according to the method by (Sousa et al.,
2007), with modified reaction time. A solution of 5 mmol.L.”! DPPH in
methanol was prepared and, protected from light, was mixed with a
known quantity of carotenogenic extract. After 60, 120 and 180 min,
the absorbance was determined at 515 nm. The results were expressed
as percentage inhibition of DPPH compared to samples without car-
otenoids.

The 2,2 "-azinobis (3-ethyl benzothiazoline-6-sulfonic acid) (ABTS)
method was applied in accordance with Nenadis and coauthors.
(Nenadis et al., 2004), with modified reaction time. A stock solution of
7 mmol.L.~! ABTS was prepared, from which the radical ABTS + was
prepared, and this consisted of reaction between 5 mL stock solution
with 88 pL of 140 mM potassium persulphate solution. The mixture was
protected from light at room temperature for 16 h. Afterwards, it was
diluted with ethyl alcohol to obtain an absorbance of 0.70 + 0.05 at
734 nm. In the dark, the radical ABTS- was added to test tubes along
with carotenogenic extracts to complete 4 mL in each tube. The reaction
was monitored every 15min at 734 nm, the total time of analysis was
75 min.

The reduction power of iron (ferric reducing antioxidant power
-FRAP Assay) was determined based on the protocol developed by
Benzie and Strain (Benzie and Strain, 1996). The FRAP reagent was
prepared from a solution of 0.1 mol.L ~* acetate buffer (pH 3.6), 10 mM
2,4,6-tripyridyl-striazine (TPTZ) and 20 mmol.L™! ferric chloride
(10:1:1 v/v/v) (Chang et al., 2007). The reagent was heated to 37 °C
and the carotenoid extract was added at the end of this time. The re-
duction of Fe(III)- TPTZ was monitored every 15 min by absorbance
reading at 593 nm. The values were expressed as percentage of reduc-
tion of ferric ion.

Astaxanthin (Sigma-Aldrich) was used as a standard for antioxidant
activity, in the above described methods. It was dissolved in acetone at
a concentration of 5pugmL™1,
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Table 1

Partial characterization of substrates in the culture medium.
Sample % C % H % N
Corn steep liquor 17.83 2.41 3.80
Sugar cane molasses” 36.50 - 0.30
Glycerol” 49.30 - 1.05
Yeast extract 38.40 5.65 10.67
Malt extract 39.24 6.54 10.93
Peptone 43.47 6.71 14.47

2 (Otero, 2011).
b (Silva et al., 2012).

2.12. Statistical analysis

Analyses were performed in triplicate and the results were sub-
mitted to analysis of variance (ANOVA). The mean values were com-
pared by Tukey's test at a 5% significance level using the Statistica
software (version 5.0, StatSoft, Inc., USA).

3. Results and discussion
3.1. Partial characterization of substrates

Partial characterization of the substrates of the culture medium are
described in Table 1. In order to produce a nutrient-rich and low-cost
culture medium, two culture media were formulated, named as M1 and
M2. The composition of the medium was: 35.6 g.L._* of corn steep li-
quor and 4.8 g..”! of raw glycerol for the M1 and 36.5g.L.~! of corn
steep liquor and 6.0 g.L.~* of sugar cane molasses for the M2. The media
were formulated to present a C/N ratio of 6.20, similar to YM medium,
with carbon concentration of 8.50% and nitrogen concentration of
1.37% w.v_ !, aiming to compare the performance of YM medium with
the alternative media M1 and M2. YM medium was used as a standard
because it is widely used in yeasts cultivation. The substrates used di-
rectly affect the microbial community, and therefore the metabolic
pathways. Carbon is an essential element necessary for microbial
growth. Nitrogen (N) is required for the formation of nucleic acids, cell
wall components and proteins. Therefore, the study of C/N ratio be-
comes of great importance, as an attempt to improve cell growth and
carotenoid production. In general, the synthesis of carotenoids is sti-
mulated with higher C/N ratios (Braunwald et al., 2013).

The use of raw glycerol in biotechnological processes is reported by
several authors, since it is showing increased production due to high
production of biodiesel, therefore, it is interesting to use this coproduct
to obtain compounds with high added value (Machado and Burkert,
2015; Robert et al., 2017; Saenge et al., 2011; Taccari et al., 2012).

3.2. Kinetics of the cultivations for the production of carotenoids

The yeasts showed different behaviors in each medium, which is
directly associated with their metabolism (Fig. 1). R. mucilaginosa,
known as a favorable food additive as it is rich in lipids, proteins and
vitamins (Bhosale and Gadre, 2001), showed higher biomass produc-
tion at 96 h of cultivation in YM and M2 (13.5 and 6.4 g.L’l, respec-
tively) and 7.9g.L™'at 72h for M1. R. mucilaginosa showed a very
interesting production of carotenoids in the M1, with 650 pg.L. ™! in just
36 h. R. mucilaginosa presented consume of the sugars (TRS) in all
media (Fig. 1). For comparation, Maldonade et al. (2008) isolated
yeasts of the Brazilian ecosystem and cultivated in YM medium for 5
days, thereby obtained a production of carotenoids of 881 ug.L ™! for R.
glutinis, 594 ug.L~! for R. graminis, 590 ug.L.~*' for R. mucilaginosa-137,
562 pg.L~ " for R. mucilaginosa-108, 545 pg.L~ ! for R. mucilaginosa-135,
168 ug.L ™! for R. minuta and 237 ug.L.~! for S. roseus.

The yeast that presented a higher production of carotenoids was the
Sporidiobolus pararoseus, with 1310pg.L™! in the M2 at 144h,
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950 ug.L"at 24h in the M1 and 63ug.L™! in the YM at 72h. S.
pararoseus presented a biomass production of 7.3, 9.8 and 12.2g.L ™!
for M1, YM and M2, respectively. This yeast is indicated as a producer
of carotenoids with high levels of torulene, torularrodine and y-car-
otene (Davoli et al., 2004).

P. fermentans stands out from the other yeasts in terms of biomass
production in alternative media. The maximum values were achieved at
48h for all media: 12.5, 12.6 and 14.2 g..”! for M2, YM and M1, re-
spectively. Values higher than to that found by (Huang et al., 2001)
when cultivating the yeast P. fermentans for production of 2-pheny-
lethanol in medium containing 0.25% of yeast extract, 18% of sucrose
and 10% phenylalanine reaching 2.5gL~! of biomass at 75h. P. fer-
mentans showed lower production of carotenoids among the yeasts
studied in 168 h in YM medium, which justifies the lack of studies in the
literature with carotenoid production by this yeast. The production of
carotenoids by Pichia is still poorly reported in the literature. However,
there are research works with some species of Pichia, such as Pichia
pastoris for the production of lycopene (Bhataya et al 2009). No studies
have been found to date on the production of carotenoids by Pichia
fermentans.

In general, yeasts are applied in numerous fermentation processes,
which utilize the sugars in the medium, and the ability to assimilate
various substrates is an important factor in relation to other micro-
organisms. The medium containing corn steep liquor and molasses (M2)
showed higher concentration of reducing sugar relative to the medium
containing corn steep liquor and glycerol (M1), most of them from
sugar cane molasses. The yeast S.pararoseus consumed 96% of the su-
gars in the M2, while R. mucilaginosa and P. fermentans consumed 88%
in the total cultivation time.

The pH at the start of cultivation was adjusted to 6.0, but in the
process suffered influence of compounds released and formed, as can be
seen in Fig. 1 which shows the development of pH along the 168 h for
the yeasts P. fermentans, R. mucilaginosa and S. pararoseus. In the cuti-
vations in YM and M2, the pH decreased during the first hours, and
increased in the following hours, that due to organic acids released
during substrate consumption (sugar), demonstrated by a decrease in
the concentration of sugars in the first 36 h. After this time, the released
intermediates were assimilated and carotenogenesis was stimulated,
due to stress conditions which the micro-organism is submitted by
substrate depletion (Silva et al., 2012). For M1, it was not observed a
sharp decline during the first hours of cultivation, since this medium
has a low content of total reducing sugars, releasing few acid inter-
mediates. In the final hours, the pH remained constant for all yeasts,
indicating the end of cultivation. S. pararoseus showed the highest
carotenoids concentration in M1 (634.5pg.L~ "), followed by R. muci-
laginosa (224.8 ug.L. ") and P. fermentans (201.6 ug.L™").

Table 2 presents the content of specific and volumetric carotenoids
obtained by the yeasts studied in different media at the end of 168 h of
culture, where it can be seen that alternative media were favorable for
the development and production of carotenoids. The yeast that was able
to produce more carotenoids in the alternative media was S.pararoseus,
followed by R. mucilaginosa and P. fermentans (634.5, 224.8 and
201.6 ug.L.~! in M1 and 830.3, 150.6 and 66.2 ug.L.~! in M2, respec-
tively).

3.3. Determination of kinetic parameters

Table 3 presents the main kinetic parameters related to the culti-
vation of yeasts in YM, M1 and M2. The maximum specific growth rate
(Kmax) ranged from 0.28 to 1.39 h™! depending on the medium and the
yeast used. The highest y.x of S. pararoseus was in M2 (1.17 h™1),
following by M1 (1.05 h™!) and YM (0.60 h™1). For P. fermentans it was
observed pmax 1.39, 1.26 and 1.15 h™*' for the M1, YM and M2, re-
spectively. Lower specific rates have been found for yeast R. mucilagi-
nosa.

Taccari and coauthors (Taccari et al., 2012) isolated 113 yeast
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Fig. 1. Kinetics of growth of yeast. P. fermentans in YM (a), M1 (b) and M2 (c); R. mucilaginosa in YM (d), M1 (e) and M2 (f); and S. pararoseus in YM (g), M1 (h) and

M2 (i). Operational conditions: 168 h of cultivation at 25 °C and 180 rpm.

strains, which 45 were able to grow in a medium containing crude
glycerol (at 25 °C and 150 rpm) with growth rates ranging from 0.11 to
0.37 h™', which confirmed that raw glycerol can be used as a carbon
source for the yeast biomass production, results similar to this work.
The highest productivity in carotenoids were found for yeast R.
mucilaginosa in the YM medium (83.5 ug.L_l.h_l) and in the alter-
native media (17.6 and 38.1 pg.L."1.h ™! for M1 and M2, respectively).
This yeast also highlighted in relation to the substrate to product
(carotenoid) conversion factor, 211.8 and 403.8 ug g~ ! for M2 and YM,

respectively. The productivity in biomass presented maximum values
for P. fermentans, 0.39; 0.35 and 0.25 ug.L~*.h~! for M1, M2 and YM,
respectively. So, for S. pararoseus the productivity in biomass (P,), the
productivity in carotenoids (Pc) and the Yp,x proved superior in YM
medium, while the specific growth rate (u,s¢) and conversion factors
Yp/s € Yx/s proved superior in M2.

The yeast P. fermentans obtained its best performance in alternative
media with maximum values for maximum specific growth rate, Yp x,
productivity in biomass (Px) and productivity in carotenoids (Pc) for M1
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Fig. 1. (continued)

medium. However, the conversion factors Yp, s e Yx,s proved superior in
M2. Except for maximum productivity in biomass P, and the conversion
factor Yx,s in M2 for R. mucilaginosa, the other kinetic parameters
showed the best performance in YM medium.

3.4. Identification of carotenoids produced in different substrates

For identification of produced carotenoids, the following standards
were used: f-carotene, astaxanthin and lutein. The percentages of
identified carotenoids obtained in each medium are showed in Table 4.
Different behaviors were observed for the yeast in the different media
used, where, in general, there was a greater production of B-carotene.
For P. fermentans, the change of YM medium to alternative media
showed a change in the production of astaxanthin from 27 and 31% in
the substrates M1 and M2, respectively, maintaining practically con-
stant the concentration of lutein and f3-carotene.

The carotenoids chosen as standards are among the most important
of this class, they are widely studied and have high antioxidant activity
(Rodriguez-Amaya, 2010; Stringheta et al., 2006). Astaxanthin is an
important carotenoid, mainly due to its high antioxidant activity. Its
instability can be bypassed through the encapsulation (Machado et al.,
2016). Lutein is appointed as a versatile phyto-nutraceutical (Madaan
et al., 2017). While B-carotene is one of the most studied carotenoids
and has known antioxidant activity (Duarte-Almeida et al., 2006).

In a medium containing molasses (M2) for R. mucilaginosa it was not
detected the presence of astaxanthin. Lutein was produced independent
of production medium, similar to P. fermentans. In general, the car-
otenogenic extracts showed a higher concentration of (3-carotene. The
yeast S.pararoseus also showed higher production of -carotene. This
yeast presents lutein with concentrations higher than the other micro-
organisms, however the presence of astaxanthin in cultivated biomass
was not detected.

Table 2
Specific (SC) and volumetric carotenoid (VC) content of the biomass obtained from the yeast.
Microorganism YM M1 M2
SC (ug-g ™" VC (ug.L™h) SC (ug-g ™ VC (ugL™h) SC (ug-g™H VC (ug.L™h)
R. mucilaginosa 93.9 + 2.0% 1068.5 + 33.1% 68.1 + 12.7° 224.8 + 11.2° 55.7 + 8.0° 150.6 + 16.0°
P. fermentans 12.8 + 3.0°° 140.4 + 20.0% 19.3 + 372 201.6 + 39.37 7.0 + 1.1° 66.2 + 10.7°
S. pararoseus 71.1 = 10.5° 697.8 + 57.8" 87.3 = 1.8% 634.5 = 10.0° 68.1 + 13.8° 830.3 * 27.0°

YM: Malt and yeast extract; M1: raw glycerol and corn steep liquor; M2: sugar cane molasses and corn steep liquor. Different letters indicate significant difference

between the means in same line (p < 0.05) for same determination.
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Table 3
Kinetic parameters of the cultivations.

kinetic parameters YM? M1? M2*

S. pararoseus Umax (h™ 1) 0.60 1.05 1.17
Yes (g-g ™" 42.2 - 49.5
Yxss (g7 H) 0.4 - 0.6
Yo x (Hg.g™ ) 105.5 45,1 85.8
Px (gL Lh™Y) 0.11 0.09 0.09
Pc (ug.L.”Lh™hH 11.9 6.1 9.1

P. fermentans Umax (h™1) 1.26 1.39 1.15
Yp,s (ug.g™h) 5.4 - 17.9
Yxss (8871 0.7 - 2.8
Yp,x (ug.g™ ") 7.7 13.3 6.5
Px (gL”Lh™1) 0.25 0.39 0.35
Pc (ug.L”rh™1) 0.8 1.2 0.4

R. mucilaginosa Umax (h™1) 0.61 0.28 0.57
Yp,s (ug.g™h) 403.8 - 211.8
Yxss (287 H) 1.1 - 1.6
Yp/x (ug.g™h) 368.2 155.4 136.2
Px (gL Lh™Y) 0.14 0.10 0.20
Pc (ug.L.”Lh™hH 83.5 17.6 38.1

2 YM: malt and yeast extract medium, M1: glycerol + corn steep liquor; M2:
sugar cane molasses + corn steep liquor.

Table 4
Astaxanthin (1), Lutein (2) and f-carotene (3) present in the microbial extracts
(%).

P. fermentans R. mucilaginosa S.pararoseus

Y™M M1 M2 Y™M M1 M2 Y™M M1 M2
1 0.0 27.2 30.7 6.9 23.3 0.0 0.0 0.0 0.0
2 7.2 5.7 5.6 1.3 5.5 7.6 4.0 10.8 5.6
3 92.8 67.2 63.7 91.8 71.2 92.4 96.0 89.2 94.4

*YM: Malt and yeast extract, M1: glycerol and corn steep liquor; M2: molasse
and corn steep liquor.

3.5. Antioxidant activity of the carotenogenic extracts

Several techniques have been used to determine antioxidant activity
in vitro to allow the rapid selection of potentially interesting substances
and/or mixtures as DPPH (Cheng et al., 2019; Derf et al., 2019; Zhang
et al., 2019), FRAP (Sharayei et al., 2019; Young and Nitin, 2019),
ABTS (Baria et al., 2019; Cruz et al., 2019), ORAC (Rocchetti et al.,
2019; YIN et al., 2019), linoleic acid-carotenoid system (Duarte-
Almeida et al., 2006; Silva et al., 2018). However, the methods used in
this work to measure the antioxidant potential of the samples were
selected because of their sensitivity, speed and reliability (Ozkan et al.,
2019).

The antioxidant activity was measured over time, and at 60, 120
and 180 min for DPPH, 15, 30, 45, 60 and 75 min for ABTS and inter-
vals of 15min until 210 min for FRAP (Table 5). The contact time

Table 5
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between radical and carotene has fundamental importance to the in-
teraction/scavenging. DPPH radical absorbance at 515 nm, but upon
reduction by an antioxidant or a radical species, its absorption de-
creases (Giil¢cin, 2010). The same happens with other methods that
require monitoring reaction time to the stabilization of the measured
absorbance. That time will depend on the method and the antioxidant
used. For example, Thaipong et al. (2006) affirmed that que guava fruit
extracts react rapidly with ABTS (2h) and with ferric ion, using the
FRAP method (30 min), while the reaction with DPPH time was longer
(24 h). That is, the reaction time will depend on the method used and of
the antioxidant. Table 4 refers to the last reaction time for each of the
tested oxidizing systems.

In general, according to Table 5, the extracts were capable of in-
teracting with the ABTS radical, and reduce the iron through the FRAP
method, however, scavenging free radical DPPH results were not sa-
tisfactory, only the extract from M2 with P. fermentans showed a high
activity (130% inhibition.ug~'). Some carotenoids are not capable of
inhibiting DPPH free radical, as shown in the study by Miiller et al.
(2011) (Mviiiller et al., 2011), where carotenoids obtained from carrot
and tomato juices, and sunflower, olive and walnut oils, were not able
to scavenging this free radical, ie the resulting antioxidant potential will
depend on the extracted carotenoid. Fu et al (2011) evaluated the an-
tioxidant activity of three carotenoids extracted and purified from
water spinach (Ipomoea aquatica cv. Slim leaf), violaxanthin, lutein and
B-carotene. Among them, p-carotene was the most efficient in sca-
venger the free radical DPPH, with similar activity between B-carotene
and lutein, confirming that the structure is very important in the choice
of antioxidant.

P. fermentans showed the lower quantification of total carotenoids
among the studied yeast. However, it had higher antioxidant activity,
that can be assigned to this greater content of astaxanthin with this
yeast (30.7% of the carotenoids identified). It is not mentioned in the
literature, to date, carotenoid antioxidant activity data from P. fer-
mentans. S. pararoseus also deserves attention because of its high iron
reduction power with maximum value in M1 (1205.5 %reduction
ug ™.

All the carotenogenic extracts had antioxidant activity, although
they present different profiles. The extracts may contain components
such as carbohydrates with carboxyl, amine, or sulfonyl may efficiently
target different radicals. Or, a small structural difference could give the
difference of antioxidant activities (Yoo et al., 2016). From the pro-
mising results of the antioxidant activity of carotenogenic microbial
extracts with the selected methods, it is possible to note of the im-
portance of the extracts obtained in this work. We propose that in a
future work a system such as linoleic acid-carotenoid can be used in
order to evaluate the antioxidant activity in a more real system.

This work showed that the yeasts studied were able to growth in
alternative media containing corn steep water and glycerol (M1), and
corn steep liquor and molasses (M2), showing different behaviors in
relation to production of carotenoids and biomass. The carotenoids
obtained had a satisfactory antioxidant activity. The yeasts studied

Antioxidant activity by different methodologies of microbial extracts from R.mucilaginosa, P. fermentans and S. pararoseus.

Yeast Medium DPPH (%inhibition.ug ') ABTS (%inhibition.ug ™) FRAP (%reduction pug ')
R. mucilaginosa ™M 27 = 0.1 29.4 = 1.6 737 = 2.0
M1 14.7 + 0.2 102.3 = 4.0 1084.4 + 3.5
M2 51 = 0.1 61.3 = 7.4 1142.7 + 1.3
P. fermentans ™M 25 = 0.0 2935 + 16.7 147 = 0.3
M1 10.4 + 0.3 31.4 + 0.5 326 + 1.1
M2 129.6 + 0.3 293.1 + 3.8 1778.7 + 1.5
S. pararoseus Y™ 58 = 0.5 59.6 + 1.6 2997.0 + 3.3
M1 7.5 + 0.3 32.0 + 6.0 1205.5 * 5.0
M2 41 + 0.1 22.2 + 4.1 536.5 + 0.8

*YM: Malt and yeast extract, M1: glycerol and corn steep liquor; M2: molasse and corn steep liquor.
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produced mainly (3-carotene. S. pararoseus highlighted with 96, 89 and
94% of astaxanthin, lutein and [B-carotene present in the microbial
extracts (%) produced in YM, M1 and M2, respectively. The use of
byproducts in cultivation can be an advantageous alternative to well
explored and implemented, thus helping to minimize environmental
impact and lowering costs with culture mediums.

The carotenoids chosen as standards are among the most important
of this class, they are widely studied and have high antioxidant activity
(Rodriguez-Amaya, 2010; Stringheta et al., 2006). Astaxanthin is an
important carotenoid, mainly due to its high antioxidant activity. Its
instability can be bypassed through the encapsulation (Machado et al.,
2016). Lutein is appointed as a versatile phyto-nutraceutical (Madaan
et al., 2017). While S-carotene is one of the most studied carotenoids
and has known antioxidant activity (Duarte-Almeida et al., 2006).

Acknowledgements

The authors are grateful to the Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq). This work was supported by the
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior - Brasil
(CAPES) [grant numbers 001]. The authors also thank the companies
BS Bios Inddstria e Comércio de Biodiesel Sul Brasil S/A - Passo Fundo —
RS (Brazil), Guimaraes Indtstria e Comércio Ltda — RS (Brazil) and Corn
Products - Balsa Nova — PR (Brazil).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bcab.2019.101208.

References

Aksu, Z., Tugba Eren, A., 2005. Carotenoids production by the yeast Rhodotorula muci-
laginosa: use of agricultural wastes as a carbon source. Process Biochem. 40,
2985-2991. https://doi.org/10.1016/j.procbio.2005.01.011.

Amorim-Carrilho, K.T., Cepeda, A., Fente, C., Regal, P., 2014. Review of methods for
analysis of carotenoids. TrAC Trends Anal. Chem. (Reference Ed.) 56, 49-73. https://
doi.org/10.1016/j.trac.2013.12.011.

AOAC - Official methods of analysis of AOAC international, 17th edition. 0935584676
Gaithersburg: J. Assoc. Off. Anal. Chem.

Baria, B., Upadhyay, N., Singh, A.K., Malhotra, R.K., 2019. Optimization of “green” ex-
traction of carotenoids from mango pulp using split plot design and its character-
ization. Lebensm. Wiss. Technol. 104, 186-194. https://doi.org/10.1016/J.LWT.
2019.01.044.

BCC Research, 2018. The Global Market for Carotenoids. https://www.bccresearch.com/
market-research/food-and-beverage/the-global-market-for-carotenoids.html.

Benzie, L.E.F., Strain, J.J., 1996. The ferric reducing ability of plasma ( FRAP ) as a
measure of “‘ antioxidant power *”. The FRAP Assay 76, 70-76. https://doi.org/10.
1006/abio.1996.0292.

Bhataya, A., Schmidt-Dannert, C., Lee, P.C., 2009. Metabolic engineering of Pichia pastoris
X-33 for lycopene production. Process Biochem. 44, 1095-1102.

Bhosale, P., Gadre, R.V., 2001. beta-Carotene production in sugarcane molasses by a
Rhodotorula glutinis mutant. J. Ind. Microbiol. Biotechnol. 26, 327-332. https://doi.
org/10.1038/sj.jim.7000138.

Braunwald, T., Schwenmlein, L., Graeff-Honninger, S., French, W.T., Hernandez, R.,
Holmes, W.E., Claupein, W., 2013. Effect of different C/N ratios on carotenoid and
lipid production by Rhodotorula glutinis. Appl. Microbiol. Biotechnol. 97, 6581-6588.
https://doi.org/10.1007/500253-013-5005-8.

Britton, G., 1995. Structure and properties of carotenoids in relation to function. FASEB J.
9, 1551-1558.

Chang, H.Y., Ho, Y.L., Sheu, M.J., Lin, Y.H., Tseng, M.C., Wu, S.H., Huang, G.J., Chang,
Y.S., 2007. Antioxidant and free radical scavenging activities of Phellinus merrillii
extracts. Bot. Stud. 48, 407-417 doi:310903500/34932.

Cheng, Y.-T., Yang, C.-F., 2016. Using strain Rhodotorula mucilaginosa to produce car-
otenoids using food wastes. J. Taiwan Inst. Chem. Eng. 61, 270-275. https://doi.org/
10.1016/j.jtice.2015.12.027.

Cheng, X.-Y., Xiong, Y.-J., Yang, M.-M., Zhu, M.-J., 2019. Preparation of astaxanthin mask
from Phaffia rhodozyma and its evaluation. Process Biochem. 79, 195-202. https://
doi.org/10.1016/J.PROCBIO.2018.12.027.

Cipolatti, E.P., Bulsing, B.A., Sa, C.S. de, Burkert, C.A.V., Furlong, E.B., Burkert, J.F. de
M., 2015. Carotenoids from Phaffia rhodozyma : antioxidant activity and stability of
extracts. Afr. J. Biotechnol. 14, 1982-1988. https://doi.org/10.5897/AJB2015.
14682.

Cruz, R.G. da, Beney, L., Gervais, P., Lira, S.P. de, Vieira, T.M.F. de S., Dupont, S., 2019.
Comparison of the antioxidant property of acerola extracts with synthetic anti-
oxidants using an in vivo method with yeasts. Food Chem. 277, 698-705. https://doi.

Biocatalysis and Agricultural Biotechnology 20 (2019) 101208

org/10.1016/J.FOODCHEM.2018.10.099.

Davies, B.H., 1976. Chemical Biochemistry Plant Pigments. Academic press, New York,
USA.

Davoli, P., Mierau, V., Weber, R.W.S., 2004. Carotenoids and fatty acids in red yeasts
Sporobolomyces roseus and Rhodotorula glutinis. Appl. Biochem. Microbiol. 40,
392-397. https://doi.org/10.1023/B:ABIM.0000033917.57177.f2.

Derf, A., Sharma, A., Bharate, S.B., Chaudhuri, B., 2019. Aegeline, a natural product from
the plant Aegle marmelos, mimics the yeast SNARE protein Sec22p in suppressing o-
synuclein and Bax toxicity in yeast. Bioorg. Med. Chem. Lett 29, 454-460. https://
doi.org/10.1016/J.BMCL.2018.12.028.

Duarte-Almeida, J.M., Santos, R.J. dos, Genovese, M.I., Lajolo, F.M., 2006. Avaliacao da
atividade antioxidante utilizando sistema beta-caroteno/4cido linoléico e método de
sequestro de radicais DPPH-. Ciéncia Tecnol. Aliment. 26, 446-452. https://doi.org/
10.1590/50101-20612006000200031.

Edge, R., McGarvey, D.J., Truscott, T.G., 1997. The carotenoids as anti-oxidants - a re-
view. J. Photochem. Photobiol. B Biol. 41, 189-200. https://doi.org/10.1016/S1011-
1344(97)00092-4.

Esteban, R., Moran, J.F., Becerril, J.M., Garcia-Plazaola, J.I., 2015. Versatility of car-
otenoids: an integrated view on diversity, evolution, functional roles and environ-
mental interactions. Environ. Exp. Bot. 119, 63-75. https://doi.org/10.1016/j.
envexpbot.2015.04.009.

Fonseca, R. Da, Rafael, R.D.S., Kalil, S.J., Burkert, C.A.V., Burkert, J.F.M., 2011. Different
cell disruption methods for astaxanthin recovery by Phaffia rhodozyma. Afr. J.
Biotechnol. 10, 1165-1171. https://doi.org/10.5897/AJB10.1034.

Fu, H., Xie, B., Ma, S., Zhu, X., Fan, G., Pan, S., 2011. Evaluation of antioxidant activities
of principal carotenoids available in water spinach (Ipomoea aquatica). J. Food
Compos. Anal. 24 (2), 288-297. https://doi.org/10.1016/j.jfca.2010.08.007.

Giilgin, I., 2010. Antioxidant properties of resveratrol: a structure-activity insight. Innov.
Food Sci. Emerg. Technol. 11, 210-218. https://doi.org/10.1016/j.ifset.2009.07.
002.

Hempel, J., Schidle, C.N., Leptihn, S., Carle, R., Schweiggert, R.M., 2016. Structure re-
lated aggregation behavior of carotenoids and carotenoid esters. J. Photochem.
Photobiol. A Chem. 317, 161-174. https://doi.org/10.1016/j.jphotochem.2015.10.
024.

Huang, C.-J., Lee, S.-L., Chou, C.-C., 2001. Production of 2-phenylethanol, a flavor in-
gredient, by Pichia fermentans L-5 under various culture conditions. Food Res. Int. 34,
277-282. https://doi.org/10.1016/50963-9969(00)00164-2.

Imandi, S.B., Bandaru, V.R., Somalanka, S.R., Garapati, H.R., 2007. Optimization of
medium constituents for the production of citric acid from byproduct glycerol using
Doehlert experimental design. Enzym. Microb. Technol. 40, 1367-1372. https://doi.
org/10.1016/j.enzmictec.2006.10.012.

Kusdiyantini, E., Gaudin, P., Goma, G., Blanc, P.J., 1998. Growth kinetics and astaxanthin
production of Phaffia rhodozyma on glycerol as a carbon source during batch fer-
mentation. Biotechnol. Lett. 20, 929-934. https://doi.org/10.1023/
A:1005445808265.

Liu, Y.-K., Yang, C.-A., Chen, W.-C., Wei, Y.-H., 2012. Producing bioethanol from cellu-
losic hydrolysate via co-immobilized cultivation strategy. J. Biosci. Bioeng. 114,
198-203. https://doi.org/10.1016/j.jbiosc.2012.03.005.

Machado, F.R.S., Trevisol, T.C., Boschetto, D.L., Burkert, J.F.M., Ferreira, S.R.S., Oliveira,
J.V., Burkert, C.A.V., 2016. Technological process for cell disruption, extraction and
encapsulation of astaxanthin from Haematococcus pluvialis. J. Biotechnol. 218,
108-114. https://doi.org/10.1016/j.jbiotec.2015.12.004.

Machado, W.R.C., Burkert, J.F. d. M., 2015. Optimization of agroindustrial medium for
the production of carotenoids by wild yeast Sporidiobolus pararoseus. African J. Agric.
Res. 9, 209-219. https://doi.org/10.5897/AJMR2014.709 6.

Madaan, T., Choudhary, A.N., Gyenwalee, S., Thomas, S., Mishra, H., Tariq, M., Vohora,
D., Talegaonkar, S., 2017. Lutein, a versatile phyto-nutraceutical: an insight on
pharmacology, therapeutic indications, challenges and recent advances in drug de-
livery. PharmaNutrition. https://doi.org/10.1016/j.phanu.2017.02.005.

Makkar, R., Cameotra, S., 2002. An update on the use of unconventional substrates for
biosurfactant production and their new applications. Appl. Microbiol. Biotechnol. 58,
428-434. https://doi.org/10.1007/s00253-001-0924-1.

Maldonade, I.R., Rodriguez-Amaya, D.B., Scamparini, A.R.P., 2008. Carotenoids of yeasts
isolated from the Brazilian ecosystem. Food Chem. 107, 145-150. https://doi.org/10.
1016/j.foodchem.2007.07.075.

Marova, 1., Carnecka, M., Halienova, A., Certik, M., Dvorakova, T., Haronikova, A., 2012.
Use of several waste substrates for carotenoid-rich yeast biomass production. J.
Environ. Manag. 95, $338-S342. https://doi.org/10.1016/j.jenvman.2011.06.018.

Michelon, M., de Matos de Borba, T., da Silva Rafael, R., Burkert, C.A.V., de Medeiros
Burkert, J.F., 2012. Extraction of carotenoids from Phaffia rhodozyma: a comparison
between different techniques of cell disruption. Food Sci. Biotechnol. 21, 1-8.
https://doi.org/10.1007/s10068-012-0001-9.

Miller, G.L., 1959. Use of dinitrosalicylic acid reagent for determination of reducing
sugar. Anal. Chem. 31, 426-428. https://doi.org/10.1021/ac60147a030.

Moriel, D.G., Chociai, M.B., Machado, I.M.P., Fontana, J.D., Bonfim, T.M.B., 2005. Effect
of feeding methods on the astaxanthin production by Phaffia rhodozyma in fed-batch
process. Braz. Arch. Biol. Technol. 48, 397-401. https://doi.org/10.1590/51516-
89132005000300010.

Miiller, L., Frohlich, K., B6hm, V., 2011. Comparative antioxidant activities of carotenoids
measured by ferric reducing antioxidant power (FRAP), ABTS bleaching assay
(aTEAC), DPPH assay and peroxyl radical scavenging assay. Food Chem. 129,
139-148. https://doi.org/10.1016/j.foodchem.2011.04.045.

Nenadis, N., Wang, L.F., Tsimidou, M., Zhang, H.Y., 2004. Estimation of scavenging ac-
tivity of phenolic compounds using the ABTS-+ assay. J. Agric. Food Chem. 52,
4669-4674. https://doi.org/10.1021/jf0400056.

Ngamwonglumlert, L., Devahastin, S., 2019. Carotenoids. Encycl. Food Chem. 40-52.


https://doi.org/10.1016/j.bcab.2019.101208
https://doi.org/10.1016/j.bcab.2019.101208
https://doi.org/10.1016/j.procbio.2005.01.011
https://doi.org/10.1016/j.trac.2013.12.011
https://doi.org/10.1016/j.trac.2013.12.011
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref71
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref71
https://doi.org/10.1016/J.LWT.2019.01.044
https://doi.org/10.1016/J.LWT.2019.01.044
https://www.bccresearch.com/market-research/food-and-beverage/the-global-market-for-carotenoids.html
https://www.bccresearch.com/market-research/food-and-beverage/the-global-market-for-carotenoids.html
https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.1006/abio.1996.0292
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref72
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref72
https://doi.org/10.1038/sj.jim.7000138
https://doi.org/10.1038/sj.jim.7000138
https://doi.org/10.1007/s00253-013-5005-8
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref7
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref7
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref8
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref8
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref8
https://doi.org/10.1016/j.jtice.2015.12.027
https://doi.org/10.1016/j.jtice.2015.12.027
https://doi.org/10.1016/J.PROCBIO.2018.12.027
https://doi.org/10.1016/J.PROCBIO.2018.12.027
https://doi.org/10.5897/AJB2015.14682
https://doi.org/10.5897/AJB2015.14682
https://doi.org/10.1016/J.FOODCHEM.2018.10.099
https://doi.org/10.1016/J.FOODCHEM.2018.10.099
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref74
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref74
https://doi.org/10.1023/B:ABIM.0000033917.57177.f2
https://doi.org/10.1016/J.BMCL.2018.12.028
https://doi.org/10.1016/J.BMCL.2018.12.028
https://doi.org/10.1590/S0101-20612006000200031
https://doi.org/10.1590/S0101-20612006000200031
https://doi.org/10.1016/S1011-1344(97)00092-4
https://doi.org/10.1016/S1011-1344(97)00092-4
https://doi.org/10.1016/j.envexpbot.2015.04.009
https://doi.org/10.1016/j.envexpbot.2015.04.009
https://doi.org/10.5897/AJB10.1034
https://doi.org/10.1016/j.jfca.2010.08.007
https://doi.org/10.1016/j.ifset.2009.07.002
https://doi.org/10.1016/j.ifset.2009.07.002
https://doi.org/10.1016/j.jphotochem.2015.10.024
https://doi.org/10.1016/j.jphotochem.2015.10.024
https://doi.org/10.1016/S0963-9969(00)00164-2
https://doi.org/10.1016/j.enzmictec.2006.10.012
https://doi.org/10.1016/j.enzmictec.2006.10.012
https://doi.org/10.1023/A:1005445808265
https://doi.org/10.1023/A:1005445808265
https://doi.org/10.1016/j.jbiosc.2012.03.005
https://doi.org/10.1016/j.jbiotec.2015.12.004
https://doi.org/10.5897/AJMR2014.709 6
https://doi.org/10.1016/j.phanu.2017.02.005
https://doi.org/10.1007/s00253-001-0924-1
https://doi.org/10.1016/j.foodchem.2007.07.075
https://doi.org/10.1016/j.foodchem.2007.07.075
https://doi.org/10.1016/j.jenvman.2011.06.018
https://doi.org/10.1007/s10068-012-0001-9
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1590/S1516-89132005000300010
https://doi.org/10.1590/S1516-89132005000300010
https://doi.org/10.1016/j.foodchem.2011.04.045
https://doi.org/10.1021/jf0400056

E.P. Cipolatti, et al.

https://doi.org/10.1016/B978-0-08-100596-5.21608-9.

Oliveira, T., Ramalhosa, E., Nunes, L., Pereira, J.A., Colla, E., Pereira, E.L., 2017.
Probiotic potential of indigenous yeasts isolated during the fermentation of table
olives from Northeast of Portugal. Innov. Food Sci. Emerg. Technol. 44, 167-172.
https://doi.org/10.1016/J.IFSET.2017.06.003.

Otero, D.M., Bulsing, B., Huerta, K.M., Rosa, C.A., Zambiaze, R.C., Burkert, C.A.V.,
Burkert, J.F.M., 2019. Carotenoid-producing yeasts in the Brazilian biodiversity:
Isolation, identification and cultivation in agroindustrial waste. Braz. J. Chem. Eng.

Otero, Déborah Murowaniecki, 2011. Bioprospeccao de leveduras silvestres produtoras de
carotenoides. Thesis (MSc in Food Engineering and Science). Federal University of
Rio Grande.

Ozkan, G., Franco, P., De Marco, I., Xiao, J., Capanoglu, E., 2019. A review of micro-
encapsulation methods for food antioxidants: principles, advantages, drawbacks and
applications. Food Chem. 272, 494-506. https://doi.org/10.1016/J.FOODCHEM.
2018.07.205.

Papaioannou, E.H., Stoforos, N.G., Liakopoulou-Kyriakides, M., 2011. Substrate con-
tribution on free radical scavenging capacity of carotenoid extracts produced from
Blakeslea trispora cultures. World J. Microbiol. Biotechnol. 27, 851-858. https://doi.
org/10.1007/s11274-010-0527-z.

Parajo, J.C., Santos, V., Vazquez, M., 1998. Optimization of carotenoid production by
Phaffia rhodozyma cells grown on xylose. Process Biochem. 33, 181-187. https://doi.
0rg/10.1016/50032-9592(97)00045-9.

Pires-Cabral, P., Dubreucq, E., Da Fonseca, M.M.R., Ferreira-Dias, S., 2005. Partitioning of
water in organic systems with lipase immobilized in polyurethane foams. Biochem.
Eng. J. 26, 29-37. https://doi.org/10.1016/j.bej.2005.06.009.

Poliak, P., Skoriia, P., Klein, E., Luke$, V., 2018. Thermodynamics of radical scavenging of
symmetric carotenoids and their charged species. Food Chem. 268, 542-549. https://
doi.org/10.1016/J.FOODCHEM.2018.06.063.

Ribeiro, D., Freitas, M., Silva, A.M.S., Carvalho, F., Fernandes, E., 2018. Antioxidant and
pro-oxidant activities of carotenoids and their oxidation products. Food Chem.
Toxicol. 120, 681-699. https://doi.org/10.1016/J.FCT.2018.07.060.

Rios, D.A. da S., Borba, T. de M. de, Kalil, S.J., Burkert, J.F. de M., 2015. Rice parboiling
wastewater IN the maximization OF carotenoids BIOPRODUCTION BY Phaffia rho-
dozyma. Cienc. E Agrotecnol 39, 401-410. https://doi.org/10.1590/51413-
70542015000400011.

Robert, J.M., Lattari, F.S., Machado, A.C., de Castro, A.M., Almeida, R.V., Torres, F.A.G.,
Valero, F., Freire, D.M.G., 2017. Production of recombinant lipase B from Candida
antarctica in Pichia pastoris under control of the promoter PGK using crude glycerol
from biodiesel production as carbon source. Biochem. Eng. J. 118, 123-131. https://
doi.org/10.1016/j.bej.2016.11.018.

Rocchetti, G., Miragoli, F., Zacconi, C., Lucini, L., Rebecchi, A., 2019. Impact of cooking
and fermentation by lactic acid bacteria on phenolic profile of quinoa and buckwheat
seeds. Food Res. Int. 119, 886-894. https://doi.org/10.1016/J.FOODRES.2018.10.
073.

Rodriguez-Amaya, D.B., 2001. A Guide to Analysis in Foods. International Life Sciences
Institute, Washington, pp. 64.

Rodriguez-Amaya, D.B., 2010. Quantitative analysis, in vitro assessment of bioavailability
and antioxidant activity of food carotenoids-A review. J. Food Compos. Anal. 23,
726-740. https://doi.org/10.1016/j.jfca.2010.03.008.

Rodriguez-Concepcion, M., Avalos, J., Bonet, M.L., Boronat, A., Gomez-gomez, L.,
Hornero-mendez, D., Limon, M.C., Meléndez-martinez, A.J., Olmedilla-alonso, B.,
Palou, A., Ribot, J., Rodrigo, M.J., Zacarias, L., Zhu, C., 2018. A global perspective on
carotenoids : metabolism , biotechnology , and bene fi ts for nutrition and health.
Prog. Lipid Res. 70, 62-93. https://doi.org/10.1016/j.plipres.2018.04.004.

Saenge, C., Cheirsilp, B., Suksaroge, T.T., Bourtoom, T., 2011. Potential use of oleaginous
red yeast Rhodotorula glutinis for the bioconversion of crude glycerol from biodiesel
plant to lipids and carotenoids. Process Biochem. 46, 210-218. https://doi.org/10.
1016/j.procbio.2010.08.009.

Silva, C.M., Borba, T.M., Burkert, C.A.V., Burkert, J.F.M., 2012. Carotenoid production by
Phaffia rhodozyma using raw glycerol as an additional carbon source. Int. J. Food Eng.
8. https://doi.org/10.1515/1556-3758.2843.

Biocatalysis and Agricultural Biotechnology 20 (2019) 101208

Silva, L.A. da, Raposo, J.D.A., Campos, L.P.G., Conceicao, E.C. da, Oliveira, R.B. de,
Mourao, R.H.V., 2018. Atividade antioxidante do éleo essencial de Myrcia sylvatica
(G. Mey.) DC. por diferentes métodos de andlises antioxidantes (ABTS, DPPH, FRAP,
B-caroteno/4cido linoleico). Rev. Fitos 12, 117-126. https://doi.org/10.5935/2446-
4775.20180011.

Sharayei, P., Azarpazhooh, E., Zomorodi, S., Ramaswamy, H.S., 2019. Ultrasound assisted
extraction of bioactive compounds from pomegranate (Punica granatum L.) peel.
Lebensm. Wiss. Technol. 101, 342-350. https://doi.org/10.1016/J.LWT.2018.11.
031.

Sousa, C.M.D.M,, Silva, H.R.E., Vieira, G.M., Ayres, M.C.C., Da Costa, C.L.S., Aragjo, D.S.,
Cavalcante, L.C.D., Barros, E.D.S., Aratjo, P.B.D.M., Brandao, M.S., Chaves, M.H.,
2007. Fendis totais e atividade antioxidante de cinco plantas medicinais. Quim. Nova
30, 351-355. https://doi.org/10.1590/50100-40422007000200021.

Stahl, W., Sies, H., 2003. Antioxidant activity of carotenoids. Mol. Asp. Med. 24, 345-351.
https://doi.org/10.1016/50098-2997(03)00030-X.

Strati, L.F., Oreopoulou, V., 2014. Recovery of carotenoids from tomato processing by-
products - a review. Food Res. Int. 65, 311-321. https://doi.org/10.1016/j.foodres.
2014.09.032.

Stringheta, P.C., Nachtigall, A.M., Maria, H., Sant, P., Paula, M., Conceicao, J., 2006.
Luteina: propriedades antioxidantes E beneficios a satide. Alim. Nutr. 17, 229-237.

Taccari, M., Canonico, L., Comitini, F., Mannazzu, I., Ciani, M., 2012. Screening of yeasts
for growth on crude glycerol and optimization of biomass production. Bioresour.
Technol. 110, 488-495. https://doi.org/10.1016/j.biortech.2012.01.109.

Thaipong, K., Boonprakob, U., Crosby, K., Cisneros-Zevallos, L., Hawkins Byrne, D., 2006.
Comparison of ABTS, DPPH, FRAP, and ORAC assays for estimating antioxidant ac-
tivity from guava fruit extracts. J. Food Compos. Anal. 19, 669-675. https://doi.org/
10.1016/j.jfca.2006.01.003.

Valduga, E., Rausch Ribeiro, A.H., Cence, K., Colet, R., Tiggemann, L., Zeni, J., Toniazzo,
G., 2014. Carotenoids production from a newly isolated Sporidiobolus pararoseus
strain using agroindustrial substrates. Biocatal. Agric. Biotechnol. 3, 207-213.
https://doi.org/10.1016/j.bcab.2013.10.001.

Valduga, E., Tatsch, P.O., Tiggemann, L., Treichel, H., Toniazzo, G., Zeni, J., Di Luccio,
M., Furigo, A., 2009a. Producao de carotenoides: microrganismos como fonte de
pigmentos naturais. Quim. Nova 32, 2429-2436. https://doi.org/10.1590/50100-
40422009000900036.

Valduga, E., Valério, A., Treichel, H., Junior, A.F., Di, M.L., 2009b. Optimization of the
production of total carotenoids by Sporidiobolus salmonicolor (CBS 2636) using re-
sponse surface technique. Food Bioprocess Technol. 2, 415-421. https://doi.org/10.
1007/511947-008-0066-x.

Vi, C., Forj4, E., 2011. Marine Carotenoids : Biological Functions and Commercial
Applications. pp. 319-333. https://doi.org/10.3390/md9030319.

Wang, C.C., Chang, S.C., Inbaraj, B.S., Chen, B.H., 2010. Isolation of carotenoids, flavo-
noids and polysaccharides from Lycium barbarum L. and evaluation of antioxidant
activity. Food Chem. 120, 184-192. https://doi.org/10.1016/j.foodchem.2009.10.
005.

YIN, Z.N., WU, W.J., SUN, C.Z., LIU, H.F., CHEN, W.B., ZHAN, Q.P., LEI, Z.G., XIN, X,,
MA, J.J., YAO, K., MIN, T., ZHANG, M.M., WU, H., 2019. Antioxidant and anti-in-
flammatory capacity of ferulic acid released from wheat bran by solid-state fer-
mentation of Aspergillus niger. Biomed. Environ. Sci. 32, 11-21. https://doi.org/10.
3967/BES2019.002.

Yoo, A.Y., Alnaeeli, M., Park, J.K., 2016. Production control and characterization of an-
tibacterial carotenoids from the yeast Rhodotorula mucilaginosa AY-01. Process
Biochem. 51, 463-473. https://doi.org/10.1016/j.procbio.2016.01.008.

Young, S., Nitin, N., 2019. Thermal and oxidative stability of curcumin encapsulated in
yeast microcarriers. Food Chem. 1 (275), 1-7. https://doi.org/10.1016/j.foodchem.
2018.08.121.

Zhang, Z., Su, G., Zhou, F., Lin, L., Liu, X., Zhao, M., 2019. Alcalase-hydrolyzed oyster
(Crassostrea rivularis) meat enhances antioxidant and aphrodisiac activities in normal
male mice. Food Res. Int. 120, 178-187. https://doi.org/10.1016/J.FOODRES.2019.
02.033.


https://doi.org/10.1016/B978-0-08-100596-5.21608-9
https://doi.org/10.1016/J.IFSET.2017.06.003
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref76
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref76
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref76
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref77
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref77
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref77
https://doi.org/10.1016/J.FOODCHEM.2018.07.205
https://doi.org/10.1016/J.FOODCHEM.2018.07.205
https://doi.org/10.1007/s11274-010-0527-z
https://doi.org/10.1007/s11274-010-0527-z
https://doi.org/10.1016/S0032-9592(97)00045-9
https://doi.org/10.1016/S0032-9592(97)00045-9
https://doi.org/10.1016/j.bej.2005.06.009
https://doi.org/10.1016/J.FOODCHEM.2018.06.063
https://doi.org/10.1016/J.FOODCHEM.2018.06.063
https://doi.org/10.1016/J.FCT.2018.07.060
https://doi.org/10.1590/S1413-70542015000400011
https://doi.org/10.1590/S1413-70542015000400011
https://doi.org/10.1016/j.bej.2016.11.018
https://doi.org/10.1016/j.bej.2016.11.018
https://doi.org/10.1016/J.FOODRES.2018.10.073
https://doi.org/10.1016/J.FOODRES.2018.10.073
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref48
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref48
https://doi.org/10.1016/j.jfca.2010.03.008
https://doi.org/10.1016/j.plipres.2018.04.004
https://doi.org/10.1016/j.procbio.2010.08.009
https://doi.org/10.1016/j.procbio.2010.08.009
https://doi.org/10.1515/1556-3758.2843
https://doi.org/10.5935/2446-4775.20180011
https://doi.org/10.5935/2446-4775.20180011
https://doi.org/10.1016/J.LWT.2018.11.031
https://doi.org/10.1016/J.LWT.2018.11.031
https://doi.org/10.1590/S0100-40422007000200021
https://doi.org/10.1016/S0098-2997(03)00030-X
https://doi.org/10.1016/j.foodres.2014.09.032
https://doi.org/10.1016/j.foodres.2014.09.032
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref58
http://refhub.elsevier.com/S1878-8181(18)30354-2/sref58
https://doi.org/10.1016/j.biortech.2012.01.109
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1016/j.jfca.2006.01.003
https://doi.org/10.1016/j.bcab.2013.10.001
https://doi.org/10.1590/S0100-40422009000900036
https://doi.org/10.1590/S0100-40422009000900036
https://doi.org/10.1007/s11947-008-0066-x
https://doi.org/10.1007/s11947-008-0066-x
https://doi.org/10.3390/md9030319
https://doi.org/10.1016/j.foodchem.2009.10.005
https://doi.org/10.1016/j.foodchem.2009.10.005
https://doi.org/10.3967/BES2019.002
https://doi.org/10.3967/BES2019.002
https://doi.org/10.1016/j.procbio.2016.01.008
https://doi.org/10.1016/j.foodchem.2018.08.121
https://doi.org/10.1016/j.foodchem.2018.08.121
https://doi.org/10.1016/J.FOODRES.2019.02.033
https://doi.org/10.1016/J.FOODRES.2019.02.033

	Use of agroindustrial byproducts as substrate for production of carotenoids with antioxidant potential by wild yeasts
	Introduction
	Material and methods
	Agroindustrial substrates
	Partial characterization of agroindustrial byproducts

	Microorganisms
	Maintenance and reactivation of microbial cultures
	Inoculum
	Cultivation
	Determination of biomass concentration
	Determination of total carotenoids
	Identification and quantification of carotenoids
	Determination of total reducing sugars (TRS)
	Determination of kinetic parameters of cultivation
	Determination of antioxidant activity
	Statistical analysis

	Results and discussion
	Partial characterization of substrates
	Kinetics of the cultivations for the production of carotenoids
	Determination of kinetic parameters
	Identification of carotenoids produced in different substrates
	Antioxidant activity of the carotenogenic extracts

	Acknowledgements
	Supplementary data
	References




