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INTRODUCTION. Beta-carotene, a widely demand- _ | BERQ CAROTENE o
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necessitates the exploration of natural alte ANTIOXIDANT PROPERTIES
Rhodotorula toruloides, a yeast strain, offers a
ising natural source of B-carotene, potentially o
coming the limitations posed by traditig ;
sources like carrots.

MATERIALS AND METHOD
otene was extracted from R.
merged fermentation with YP®
for maximum pigment p

carrot-derived B-carotene. With its ease of cultivation
and cost-effectiveness, R. toruloides presents a viable,
natural, and efficient alternative source for B-carotene
production, suitable for various industrial applications.

Carotenoids are composed of isoprene units forming a
40-carbon polyene skeleton with three to fifteen double
bonds, which are responsible for their significant col-
oration. They are abundantly present in Daucus carota
(carrots) and some other plantsl. Among carotenoids,
[B-carotene, a strong red-orange pigment, has gained
immense importance due to its rising demand in phar-
maceutical, medical, cosmetics, food, and textile in-

dustries?.
X In 2018, the global production value of B-carotene® was
The study concludes that B-car- approximately $309 million, with an annual growth rate
m R. toruloides exhibits superior of 3.6%. This demand is expected to increase by 2.9%
obial and antioxidant properties compared to annually. By 2023, the global market for f3-carotene*’
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was estimated at 303.8 million USD and is projected to
reach 372 million USD by the end of 2030. However,
synthetic pigments have several side effects, including
causing allergies, toxicity, and even cancer. This has
led the scientific community to explore natural sources
of pigments®’.

Several plants and fruits, such as carrots, tomatoes,
oranges, grapefruits, and olives, contain high concen-
trations of P-carotene. However, being seasonal and
requiring long growth periods, they are not suitable for
commercial-scale pigment production. Microorgan-
isms such as fungi and algae can serve as alternative
sources for P-carotene production8. Several yeasts,
including Phaffia, Rhodotorula, and Sporobolomyces,
and filamentous fungi like Blakeslea trispora, are re-
ported as efficient B-carotene producers in the presence
of significant inducers such as dextrose®!'.

Yeasts produce B-carotene as a secondary metabolite
during their stationary phase, and the production can
be scaled up via fermentation by providing optimized
conditions such as suitable temperature, pH, and sugar
source'?!3, Biotechnological production of natural col-
ors using low-cost substrates like agro-industrial r
idues is an economical approach for natural pig
production'®. In this regard, the present study ai
isolate B-carotene-producing fungi followed by its
mentation to produce p-carotene. The functional ana
ysis of B-carotene was also conducted to
antimicrobial and antioxidant potentia
ability to dye cotton, compared to f3-
from carrots.

Isolation and Charact
fungal cultiva-

blue staining'®, and carbohydrate
uti[™ , respectively. For molecular charac-
terizati® ftrain was further sent to the School of
Biological $¥iences (SBS), Punjab University Lahore,
for 18S rRNA sequencing.

Optimization Conditions for Fermey
Different fermentation parameters, g
media, carbohydrate source, tempg
optimized for maximum pigment |8

KH2POs4, 0.05%

0.04% MgS
L-alanine;

t propagation media with the composi-
1% yeast extract, 2% peptone, 2% sugar, and
were used to analyze maximum pigment
on. The sugar constituent varied in each me-
m:

Yeast Peptone Dextrose (YPD) agar: 2% dextrose; pH 6.8.
Yeast Peptone Glucose (YPG) agar: 2% glucose; pH 6.5.
« Yeast Peptone Sucrose (YPS) agar: 2% sucrose; pH 6.0.

Each medium was inoculated with fresh inoculum and
grown in optimized cultivation media for five days.
The optical density of each batch'® was observed after
every 24 hours of incubation at 450-500 nm.

Optimization of Various Production Parameters
Optimization of different parameters is essential to
assess the best conditions for pigment production. Re-
sponse surface methodology (RSM) was employed
with five levels of central composite rotatable design
(CCRD). The combined effect of three independent
variables was examined:

« pH range of 6-10 (Xu).

o Sugar concentration of 2-6% dextrose (Xz2).

o Temperature range of 20-30°C (Xs).

These were checked on the response variable, highest
pigment yield (Y1). A significant relationship among
the variables was predicted via a second-order polyno-
mial quadratic model.
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Fermentative Production of Pigment

After optimization of all parameters, submerged fer-
mentation was carried out to produce the pigment. About
3% of inoculum, cultured in basal media with predeter-
mined cell density and cell count (5.6 x 108 CFU/mL),
was added to 100 mL of YPD media and incubated at
25°C for 120 h. After fermentation, the content was
centrifuged at 4000 rpm for 15 min. The supernatant
was discarded, and the pellet was washed with distilled
water, dried, and stored for further analysis.

Downstream Processing
The pigment produced during the fermentation process
was further extracted, purified, and characterized.

Pigment Extraction and Partial Purification

The pigment present in dried yeast cells was extracted
by mixing it with DMSO and then subjected to 10 min-
utes of discontinuous sonication at 20 kHz. Ten-second
pauses were maintained to ensure complete cell disrup-
tion and maximize pigment collection in the solvent
(DMSO). After sonication, the processed DMSO was
mixed with 99.9% pure chloroform for partial pug
fication of the pigment”. The chloroform layer
separated and subjected to evaporation. For co
purification, the dried product was mixed with 9
methanol. The pigment-containing layer was separa
ed, dried, and weighed to obtain the pigmea
Alongside pigment production from thg
[B-carotene was also extracted from cay

yeast- extracted B-carotene and ca
tene. The crushed carrots were

techniques.
done in the

ted using Silica Gel 60
pigment based on Rf value cal-
la?2:

rac {\text{Distance traveled by the com-
istance traveled by the solvent} } \]

Fourier-transform infrared (FTIR) spg

15-35,000 cm™ at Applied ChemiS¥
PCSIR, Lahore?. For high-
matography (HPLC), the
pigment were prepared
with a mobile phase
acetate (40:40:20) at

food, and
ture and

g the agar well diffusion method?®.

t Activity

ant activity analysis was performed using the
-diphenyl-1-picrylhydrazyl (DPPH) method. DPPH
as first mixed with methanol and homogenized under
rk conditions to prevent radical oxidation. Yeast-de-
rived B-carotene (50 pL) and carrot-extracted B-caro-
tene (100 pL) were added to separate mixtures of DPPH
and methanol, followed by incubation for 2-3 min until
color change. Samples were then subjected to spectro-
photometry; absorbance was recorded at 520 nm, and
data were plotted with concentration on the x-axis and
percentage antioxidant activity on the y-axis®.

Dyeing Ability of Pigment

To evaluate the application of the extracted pigment
in dyeing, cotton fabric was dyed in a defined ratio of
pigment, organic solvent, and water. The extracted pig-
ment was dissolved in dilute acetone, and the pH of
the dye bath was adjusted to 6.5 and the temperature to
40°C for a few hours. The fabric was then washed to
remove any excess dye®.

Isolation and characterization of fungal strain

In the present study, pink-colored microbial colonies,
suspected to be the producers of B-carotene, were iso-
lated from rotten orange peels on PDA. The morpho-
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logical characteristics, i.e., pink, mucoid, and round
colonies (Figure 1a), as well as the microscopic char-
acteristics of the isolated strain, indicated it as yeast.
Further screening was conducted based on biochemical
tests. As carbohydrate is the main inducer of B-carotene
production, the ability of isolated yeast strains to fer-
ment different sugars (dextrose, fructose, sucrose, and
glucose) was estimated. The results of the carbohydrate

assimilation test showed that the yeast4
glucose and dextrose with gas prod
a color change from red to yello

Figure 1. Isolation and characterization of yeast. a) Isolat
b) Phylogenetic tree showing 100% similarity g

Optimization conditions for fermg

and physical parameters
optimized. Among the

ar-containing media
via OD at 460 and

gy (RSM), employing a

D), was utilized to optimize

8 Table 1 and indicated in Figure 3.
gvealed that pH had no significant effect on
whereas temperature exerted a notable

declining thereafter. Additionally, sugar concentration

ote(GU942318.1)

druloides(KY 104918.1)
-9 Rhodotorula toruloides(K'Y 104923.1)
otorula toruloides(OW983942.1)
ultured eukaryote(KJ181770.1)
_~®uncultured eukaryote(KJ181692.1)
_-®Rhodotorula toruloides(AB073265.1)
@ Unknown (Query_Tested)
-9 Rhodotorula toruloides(KY 104922.1)
’ % Rhodotorula toruloides(AB073266.1)

© Rhodotorula toruloides(KY 104928.1)

red round, mucoid entire and smooth microbial colonies.
ain with Rhodotorula torulo.

significantly impacted pigment yield, with maximum
production observed at 4% dextrose.

In the ANOVA quadratic model (Table 2), the F-val-
ue of 1.42 suggests that the model lacks significance
compared to noise, with a 29.37% probability of this
F-value arising due to noise. Factor coding was per-
formed, and model terms were deemed significant if
the p-value was below 0.0500. However, no significant
model terms were observed in this case, indicating the
need for model reduction. The standard plot of the pH
effect on pigment extraction indicates no significant ef-
fect on pigment yield, while the curve in the standard
plot of temperature effect indicates its significant effect
on pigment yield. The graph shows minimum B-caro-
tene yield at a lower temperature, maximum at 250C,
and again less at a higher temperature. The effect of
sugar concentration on the yield of pigment showed a
straight-line standard curve, indicating maximum pig-
ment production at 4%. The final equation provided by
Design Expert-V 11 allows the prediction of -carotene
yield based on specified levels of pH, temperature, and
sugar concentration.
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Table 1. Optimized experimental design for B-carotene production.

. \
Std Run Factor 1: A-pH :ei:s:tolfri:(g-e};eill:ls-) Concl;é:glz%i%il - ‘
3 1 3 30
6 2 10 20
7 3 3 30
19 4 6.5 25
1 5 3 20
9 6 6 25
17 7 6.5 25
18 8 8 25
15 9 6.5 25
14 10 10 6 0.655
5 11 3 6 0.32
4 12 10 4 0.76
13 13 6.5 2 1.35
11 14 6.5 4 1.63
8 15 15 6 0.46
10 16 2 3.31
2 17 10 4 0.945
16 18 25 4 1.89
12 19 20 4 0.48
20 25 4 2.8
Table 2. Response of B-carotene base
Source F-value p-value Significance
Model 1.42 0.2937 Not significant
A—pH 0.2387 0.6357 Not significant
B- thipera' 0.0113 0.9176 Not significant
¢ ;S;f:;i}"“ 3.08 0.1098 Not significant
1 0.1188 0.1438 0.7124 Not significant
1 0.1552 0.1879 0.6739 Not significant
1 1.72 2.08 0.1801 Not significant
1 0.0008 0.0009 0.9764 Not significant
1 1.99 2.41 0.1513 Not significant
1 0.0041 0.0050 0.9452 Not significant
10 0.8262
5 1.31 3.84 0.0830 Not significant
Pure Error 1.71 5 0.3414
Core Total 18.86 19
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Beta Carotene (mg)

g { -
Beta Carotene (mg)
~
1

Warning! Factor involved in multiple interactions. 5_] Warning! Factor involved in multiple interactions. Warning! Factor i

eta Carotene (mg)

T T T T T T T ‘ ‘ . : :
4 5 6 7 8 9 10 20 2 2 % 8

A pH B: Temperature (Celsius) C:Sugar Concentration (%)

Design-Expert® Software
Factor Coding: Actual

Beta Carotene (mg)
@ Design points above predicted value
O Design points below predicted value

o2 36

Beta Carotene (mg) = 2.8
Std # 20 Run # 20
X1=ApH=65

X2 = B: Temperature = 25

Actual Factor
C: Sugar Concentration = 4

26

24
B: Temperature (Celsius)

e °C (c) Sugar Concentration for maximum production of -carotene. The plot indicated 2.8
ugar concentration as 4%, pH as 6.5, and temperature at 25°C.
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Beta-Carotene = -16.52492-0.166324 pH+1.77265 Temperature

-1.35210 Sugar Concentration+0.006964 pH *
Temperature

-0.019668 pH * Sugar Concentration
+0.046313 Temperature * Sugar Concentration
+0.002095 pH?-0.039941 Temperature?

+0.010361 Sugar Concentration?

The equation in terms of actual factors can be used to
make predictions about the response for given levels of
each factor. Here, the levels should be specified in the
original units for each factor. This equation should not
be used to determine the relative impact of each factor
because the coefficients are scaled to accommodate the
units of each factor, and the intercept is not at the center
of the design space.

Pigment extraction, purification, and characterization
After the optimization of parameters, pigment produc-
tion was conducted via submerged fermentation takj
the inoculum of cell density of 0.57 OD at 600
cell count of 5.6x108 CFU/ml in YPD media in
ing for 120 hours at 25°C in the static incubator. A
fermentation, yeast biomass (0.6 g/L) was separate
via centrifugation, and the pellet was subjaats

vent-based extraction using chlorofo
to get pigment as shown in Figure 4a
otene was also extracted from crusj
cated in Figure 4b.

The maximum yield of B-carotene was

Characterization of the
ducted using spectro
HPLC respectively.
revealed that standard

analysis
maximum

igment based on retarda-
a solvent system of diluted acetone
in 3:1). The Rf value of pigment
and carrots was calculated as 0.91
(Figure 6) as compared to that of
e (Rf=0.92)".

nfirmation and characterization of ex-
igment, its FT IR analysis and HPLC were

analysis indicates the presence of specific
ctional groups in the tested compound. For B-car-
tene, the FTIR spectra typically reside in the range
3500 cm to 700 cm. While comparing the IR
spectra of yeast and carrot extracted Pf-carotene with
the standard -carotene, three types of key peaks were
identified. Firstly, a peak between 3000 cm™ - 2500
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Absor

abotometric analysis of carrot extracted -carotene

Figure 5. Absorbance of pigments. The graph indicates
with standard B-carotene.

(pigment 1), R. toruloids carrot extracted p-carotene (j$

analysis of (a) B-carotene standard, (b) pigment extracted from yeast, and (c) pigment extracted from carrots

Figure 6. TN
respectively under UV at 354 nm.
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cm! indicated the presence of C-H stretches in all three
spectra as indicated in Figure 7. The second significant
peak resided in the range of 1600 cm! to 1700 cm!,
representing C=C stretching. However, peaks in this re-
gion were observed at different wavenumbers for each
sample, i.e., 1629 cm! for the microbial pigment, 1713
cm-1 for carrots, and 1637 cm! for standard B-caro-
tene. This suggests slight variations in the chemical
structure or molecular environment of the C=C bonds
in each sample. Furthermore, the di-substitution in the
C=C. group was detected at 935 cm™ for microbial pig-
ment, 964 cm-1 for carrots, and 1003 cm™' for standard
B-carotene. The overall IR spectra confirmed the suc-
cessful extraction of B-carotene?.

yeast is caused by
or other compounds i

Figure 7. (a) g [ s
FT-IR spectra 88 ;
of B-carotene. (a)
Standard, (b) extracted % .
from Yeast and (c) £
extract from carrots. | S
=
23 eSS 2
B2 3% 83 i
3500 2500 2000 1500 1000
Wavenumber cm-1
2500 2000 1500 1000
Wavenumber cm-1
= 2 222 s=3s
2 8 =58 z=g
2500 2000 1500 1000
Wavenumber cm-1
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Figure 8. HPL i ) standard B-carotene (B) R. foruloids extracted B-carotene (C) carrot extracted f-carotene. The

tration of f-carotene, varied among the samples. The HPLC chromatograms displayed a
for R. toruloids extracted B-carotene, and 4435 for carrot extracted B-carotene. The dif-
ference in pea i riation in B-carotene concentration among samples.

was checked against one gram-positive (Staphylococ-
cus sp.) and two gram-negative (Salmonella sp., and E.
coli) bacteria. For positive and negative control, stan-
dard B-carotene and dimethyl sulfoxide (DMSO) were
used respectively. After 24 hours of incubation, zones of
inhibition were recorded. R. toruloids extracted B-car-

The antimic oblal potential of extracted [-carotene otene remained highly effective against Salmonella sp.,

11
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with the formation of (25.3+0.3 mm) zone of inhibi-
tion. For Staphylococcus spp. and E. coli, R. toruloids
B-carotene produces inhibition zones of 19.8+0.3 and
19.6+0.5 mm respectively. The B-carotene extracted
from carrots also showed the best antibacterial activity
against Salmonella sp. as compared to Staphylococcus
spp. and E. coli. However, the antibacterial potential of
R. toruloids B-carotene was reported to be greater than
carrots P-carotene, but less than the standard B-caro-
tene as indicated in Figures 9 and 10.

The antioxidant activity of B-carotene extracted from
R. toruloids and carrot was analyzed via DPPH assay.
Upon addition of the antioxidant agent, a prominent

30

25

20
|
0

R. toruloids

[y
w

Zone of inhibition (mm)

carotene

Figure 9. Antibacterial
control and standard

*The error bars in +SD) of three ri

Staphylococcus

shift in color from purple to yellow
dicative of the positive antioxidant

that the pigment had OD lesser tiT®
ing positive antioxidant activj

solution as devised by
the comparison of dy
tracted B-carotene

Standard B-

carotene

W E.coli

extracted from R. foruloids and from carrots in comparison with DMSO as negative
ntrol against Salmonella sp., Staphylococcus sp., and E. coli.
ates of each reading.
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(F) Staphylococcus sp.
as negative control and S= sample as (-carotene extracted
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8 15
=
-g L .
2 s
= (i

DPPH (50 ug/ml) DPPH (100 ug/ml)
M R. toruloidsB-carotene Il Carrots B-carotene

Jorbance at 515 nm of DPPH assay.
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Yeart-

Figure 12. Application of B-carotene in dyeing cotton. (a) Cotton

with carrot extracted -carotene.

Higher plants produce natural carotenoids in very
amounts due to their slow growth rates. Meanwh
microorganisms such as algae and yeast produce na
ural carotenoids in higher concentration
croorganisms, yeasts such as Phaffia
la sp., Sporobolomyces sp., Rhodos,
Sporidiobolus sp. efficiently prod
trations of B-carotene due to hig

due to the production

tene production®*3; h
of B-carotene-pr j

ilation of glucose and
fcating that the yeast
(zymase) and specif-
down and utilize these
A sequencing confirmed
orula toruloides. Kim et al®
ation of [-carotene-producing
ain, Rhodosporidium babjevae,
it. The difference in colony color
is d lifference in strains.

After the 1on and identification of R. foruloides,
B-carotene pfoduction was conducted in different cul-

extracted B-carotene; (b) Cotton dyed

asal, MS3, and YM). Figure 2a shows
| media (2% glucose, 0.4% yeast extract, 0.1%
.05% MgSO4) gave higher growth of yeast
d to the other culture media used, similar to the
sults of Hu et al*® The presence of glucose provides
efficient energy source, yeast extract provides amino
ids and peptides’’, while KH.PO4 and MgSO4 main-
tain optimal ionic balance, which ultimately facilitat-
ed higher yeast production in 120 hours of incubation.
Moreover, among different carbohydrate sources (glu-
cose, dextrose, and sucrose), YPD culture media with
1% dextrose induced maximum pigment production as
indicated in Figure 2b. Gerelmaa et al'’ reported the
fermentation of glucose, dextrose, and maltose by the
yeast strain Rhodotorula glutinis. Saha et al*® described
that yeast produces secondary metabolites, mostly pig-
ments, in its stationary state. They also reported a high
yield of B-carotene on YPD media till the end of the
stationary phase of the yeast growth period. Kaur et
al39 also indicated that Blakeslea trispora can grow
in media containing fruits and vegetable waste as sub-
strate and gave a good yield of B-carotene, with respect
to synthetic media containing all nutrient sources.

Optimization of different parameters is also important
to achieve the specific conditions for maximal growth
and pigment production. Response surface methodolo-
gy is considered a more efficient optimizing technique
due to its systematic approach and ability to model and
predict responses compared to conventional optimizing
approaches®. The results of RSD indicated the optimal
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conditions, i.e., pH 6.5, temperature 25°C with 4%
sugar concentration, can give 2.8 mg/L production of
-carotene. Sharma and Ghoshal41 reported optimum
conditions for B-carotene production were pH 6.1, and
temperature 25.8°C. This minor variation in results is
due to change in yeast species, and they used a biore-
actor for fermentation, which provides more controlled
conditions than a flask. Rodriguez et al* also report-
ed 2968 pg/L (2.96 mg/L) B-carotene production by
Rhodotorula mucilaginosa at pH 5, at 30°C using RSD.
The slight change in parameters is due to the change in
Rhodotorula strain. The ANOVA quadratic model indi-
cated a significant interaction between temperature and
pigment production. The standard plot showed that tem-
perature had a significant impact on pigment yield with
maximum production at 25°C. Zarandi-Miandoab et al43
also reported maximum pigment production at 25°C.

The characterization of extracted B-carotene was con-
ducted via spectrophotometry, TLC, FTIR, and HPLC.
The spectrophotometric analysis showed maximum
absorbance at 460 nm and 490 nm in standard, car-
rot-extracted, and R. toruloides-extracted B-carotene.
Karnjanawipagul et al44 and Nagaraj et al* repo
similar results for B-carotene extracted from c
and R. toruloides CBS 14, respectively. The TL
sults also gave similar Rf values in the range of 0.
0.92, similar to that of standard B-carotene***’. Mor
over, the functional group analysis was ¢

between 1629 cm™ to 1713 cm ™)
tional groups in B-carotene als

toruloides-extr
the presence
[-carotene.
rotene, its biological
and antioxidant activ-

activity against Salmonella and E.
> the DPPH assay indicated that both
carrot- & oruloides-extracted B-carotenes have
greater antf®Kidant activity than the carrot-extracted
B-carotenes. The DPPH assay is based on the measure-

ment of scavenging activity of antioxg

e of the conjugated double bonds,
n the visible spectrum resulting in

acted PB-carotene is very significant as it
its potential application in the textile and food

n recent years, the demand for natural dyes has in-
creased in the food, cosmetics, and textile industries
because of their significance over synthetic dyes. Sev-
eral plants, fruits, algae, and fungi are natural sources
of pigments. Plants are a rich source of pigment, but
their slow growth makes them a less preferable source.
In this study, B-carotene an orange red pigment was
produced from yeast Rhodotorula toruloids and its bi-
ological activities were evaluated and compared with
carrot extracted B-carotene. The results of the study
indicate that B-carotene extracted from R. toruloids
showed better antimicrobial and antioxidative potential
along with its efficient ability to dye cotton as com-
pared to the carrots B-carotene. Hence, R. toruloids, be-
ing easily available and cost-effective production can
prove better B-carotene source as compared to carrots.
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