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Abstract

In the present study, the effect of various fermentation media on the production of carotenoid pigment in a radia-
tion-resistant strain of Dietzia maris was reported. The biomass and pigment production of this strain was eva-
luated using various sources of carbon and nitrogen as well as different concentrations of whey medium. The anti-
oxidant and cytotoxic activities of the extracted pigment were also determined using ferric reducing antioxidant
power (FRAP), 2,2-diphenyl-1-picrylhydrazyl radicals (DPPH), and MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) assays. The antibacterial activity of the carotenoid pigment was also evaluated. All carbon
sources increased the pigment production of D. maris  in the following order: glucose > raffinose = starch = xylose
> sorbitol > sucrose. However, only glucose, xylose, and sorbitol significantly increased the microbial biomass as
compared to the control. Moreover, all organic nitrogen sources and ammonium sulfate enhanced the pigment
production of the studied strain by approximately 6–9 folds. The free radical scavenging capacity and FRAP of
the D. maris carotenoid extract were reported as half-maximal effective concentration or EC50= 3.30 mg/ml and
EC50 = 28.46 μg/ml, respectively.  The maximum amount of biomass and carotenoid pigment produced by D. maris
was obtained in the fermentation medium containing 1 g/l glucose and 1 g/l yeast extract (18 mg/l). This strain
can be considered as a promising biocatalyst for the commercial production of natural carotenoids due to its
antioxidant capacity and noncytotoxic activity.
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Introduction

Carotenoids are a subfamily of isoprenoid pigments
that represent diverse colors such as red, yellow, and
orange (Saini and Keum, 2019). The color of carotenoids
depends on the number of conjugated double bonds in
their structure (Novoveská et al., 2019). Carotenoids are
classified into two main groups according to the pre-
sence or absence of oxygen in their molecules: xantho-
phylls or oxygen-containing carotenoids (astaxanthin,
canthaxanthin, cryptoxanthin, flavoxanthin, lutein, neo-
xanthin, violaxanthin, and zeaxanthin) and carotenes or
unoxygenated (oxygen-free) carotenoids, i.e., pure hydro-
carbons with no oxygen (α-carotene, β-carotene, γ-caro-
tene, δ-carotene, ε-carotene, and lycopene) (Langi et al.,

2018). Carotenoids are also classified based on the num-
ber of carbons in their structure, namely C30, C40, C45,
and C50 carotenoids (Yabuzaki, 2017). 

Carotenoids have diverse physiological functions. For
example, they are precursors of the phytohormone ab-
scisic acid in plants (Sathasivam et al., 2020). Carote-
noids are also one of the most important components of
the photosynthesis apparatus in light harvesting (400–550
nm) (Novoveská et al., 2019; Ram et al., 2020). Additio-
nally, carotenoids play a vital role in the cellular photo-
and UV-protection by dissipation of excess energy, es-
pecially in photosynthetic and radiation-resistant or-
ganisms (Gabani and Singh, 2013; Tian et al., 2019).
These stresses lead to the formation of reactive oxygen
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species (ROS) in cells that can be neutralized by caro-
tenoids (Ozougwu, 2016; Langi et al., 2018; Novoveská
et al., 2019). In addition, there are numerous health-
related beneficial effects of carotenoids on humans and
animals (Nabi et al., 2020). Carotenoids have antioxi-
dant, anti-inflammatory, anticancer, antiaging, antibac-
terial, and antiviral activity. They are also precursors of
vitamin A. Carotenoids also enhance the immune system
and protect against cardiovascular, cataract, and neuro-
degenerative diseases (Gyawali and Ibrahim, 2014; Saini
and Keum, 2019). In addition to the pharmaceutical in-
dustry, the global market of carotenoids had good
growth potential in the last several years because of
wide applications of carotenoids in food, animal feed, be-
verages, diet supplements, and cosmetic industries (Mol-
nár et al., 2006; Bogacz-Radomska et al., 2020). 

Although carotenoids provide many advantages, ani-
mals and humans cannot synthesize these pigments and
must uptake them exclusively from the diet (Rodriguez-
Concepcion et al., 2018). Carotenoids are often (80–90%)
synthesized chemically because of their high purity and
cost-effectiveness (Ram et al., 2020). Importantly, the
chemical reactions of carotenoid synthesis often include
some nonbiological byproducts that could have adverse
influence on the environment and human health; there-
fore, natural carotenoids are receiving more attention
(Hamidi et al., 2017). More than 1100 carotenoids are
produced by a wide array of organisms, including bac-
teria, archaea, yeast, fungi, microalgae, and plants (Ram
et al., 2020). Most of the natural carotenoids are ex-
tracted from plants such as annatto, carrot, grapes,
paprika, and tomato (Zhao et al., 2019). However, plant
pigments have some limitations such as seasonal pro-
duction, poor water solubility, and instability (Venil
et al., 2013). Because of these properties, more con-
sideration has been given to microbial pigments as the
production of microbial pigments is more cost-effective
and is not affected by climatic conditions (Malik et al.,
2012). Moreover, bacteria can produce C30, C40, C45,
and C50 carotenoids; however, eukaryotes can produce
only C40 carotenoids (Yabuzaki, 2017). Previous studies
have shown that various microorganisms, including
microalgae and cyanobacteria (Haematococcus pluvialis,
Microcystis aeruginosa, Spirulina, Anabaena variabilis,
Oscillatoria limosa, and Nostoc commune), yeasts (Rho-
dotorula sp., Rhodosporidium sp., Sporobolomyces sp.,
Phaffia rhodozyma, Haematococcus pluvialis, and

Xanthophyllomyces sp.), and bacteria (Streptomyces
chrestomyceticus, Flavobacterium sp., Paracoccus caro-
tinifaciens, Dietzia natronolimnaea, and Gordonia jaco-
beae), produce carotenoids efficiently (Novoveská et al.,
2019; Zhao et al., 2019; Ram et al., 2020). 

In the present study, we investigated the production
of carotenoid by a radiation-resistant microbial strain,
phylogenetically close to Dietzia maris, isolated from oil-
contaminated soils. The genus Dietzia includes gram-
positive short rods or coccobacilli, catalase-positive, oxi-
dase-positive, and nonacid-fast bacteria belonging to
Actinomycetales and is closely related to the genus
Rhodococcus (Tao et al., 2007). The colonies of all the
strains of the genus Dietzia have been reported to be
pigmented ranging from yellow to coral-red, and are
small, circular, and convex (Venugopalan et al., 2013).
The strains of Dietzia are the most promising sources of
C40 carotenoids, especially an orange-red ketocaro-
tenoid named canthaxanthin (CTX, C40H52O2, 4,4N-diketo-
β-carotene). Dietzia maris NIT-D and Dietzia natrono-
limnaea HS-1 have been reported as the best microbial
strains for CTX production (Khodaiyan et al., 2007;
Venugopalan et al., 2013; Gharibzahedi et al., 2014a).
CTX is approved for feed application in the United Sta-
tes, Canada, and the European Union. It has antioxida-
tive, anticancer, antidermatosis, and anti-inflammatory
properties (Gharibzahedi et al., 2014a; Bogacz-Radom-
ska et al., 2020). 

Previous studies have shown that the optimization of
the formulation of fermentation medium and culture
conditions have a significant influence on the production
of carotenoids by microbial strains (Zhang et al., 2018;
Mapelli-Brahm et al., 2020). The optimization of the
production of microbial metabolites must be performed
for each strain separately due to their metabolic and
physiological differences (El-Banna et al., 2012). More-
over, the need to reduce the production cost has led to
the use of low-cost industrial byproducts such as cheese
whey as a fermentation medium in the synthesis of
value-added microbial metabolites (Roukas et al., 2015).
Cheese whey is a byproduct of the dairy industry, and
approximately 60–90 g of 100 g milk is converted to
whey during cheese production (Irkin, 2019). Therefore,
cheese whey represents a significant source of milk
nutrients (nearly 55%), including lactose (66–77%, w/w),
proteins (8–15% w/w), and minerals salts (7–15% w/w)
(Charalampia et al., 2019). Unfortunately, cheese whey
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is known as the most important pollutant of the dairy
industry due to the high organic load (mainly high
content of lactose and proteins) (Lappa et al., 2019). 

In this context, the present study aimed to investi-
gate the effect of various sources of carbon and nitrogen
as well as different concentrations of whey medium on
carotenoid production by a new radiation-resistant strain
of Dietzia maris. The antioxidant, cytotoxic, and anti-
bacterial activities of the studied pigment were also
evaluated. 

Materials and methods

Isolation of the radiation-resistant strain

Tryptone-glucose-yeast extract (TGY) medium (pH =
7.2) containing tryptone (5 g/l), glucose (1 g/l), and
yeast extract (5 g/l) was used to isolate the radiation-
resistant strain from petroleum-contaminated soil sur-
face at the depth of 1–5 cm (Khuzestan, Iran). For iso-
lating UV-resistant microbial strains, 1 g of soil samples
was added to 50 ml TGY broth medium and incubated at
30EC for 3 days. After the incubation period, 100 μl of
the broth medium was cultured onto TGY agar medium
by using the spread plate technique. The components of
TGY agar medium (pH = 7.2) were tryptone (5 g/l), glu-
cose (1 g/l), yeast extract (5 g/l), and agar (15 g/l). The
plates were then exposed to 10 J/cm2 of UV radiation at
254 nm for 30 min from a distance of 14 cm to a UV
lamp (UV CROSSLINKER® (CL-508)). After radiation
treatment, the plates were placed in an aluminum foil
and incubated at 30EC for 3–10 days. Subsequently, the
second UV exposure was performed using 15 J/cm2 of
UV radiation for 45 min. The microbial strains that grew
after the second treatment were regarded as UV-resi-
stant strains. Among the isolated strains, the most resi-
stant one against UV radiation that produced the pig-
mented colony similar to the colony before the UV
exposure was selected for further analysis (Gholami
et al., 2015).  

Identification of the isolated strain 

Morphological and biochemical characteristics of the
isolated strain were determined according to the stan-
dard methods (Gilardi 1967; Xue et al. 2008). The mole-
cular identification of the strain was performed using the
amplification of the 16S ribosomal DNA (rDNA) using
the universal primer 27F (5N!AGAGTTTGATYMTGG

CTCA!3N) and 1492R (5N!CGGTTACCTTGTTACGA
CTT!3N). The boiling method was used to extract bac-
terial genomic DNA from a pure culture (Junior et al.,
2016). The PCR reaction mixture (25 μl) comprised
12.5 μl PCR Master Mix (2×, Cinna Gen), 0.5 μl forward
primer (10 pmol), 0.5 μl reverse primer (10 pmol), 1 μl
extracted DNA, and 10.5 μl deionized water. The PCR
cycling conditions were as follows: initial denaturation at
94EC for 5 min, 30 cycles of denaturation at 94EC for
45 s, annealing at 55EC for 1 min, extension at 72EC for
1 min, and final extension at 72EC for 5 min. The PCR
product was then electrophoresed on a 1% agarose gel
(Etemadifar et al., 2016). The sequence of the amplified
rDNA fragment was determined by Sanger sequencing
(Korean Macrogen Company) and then compared with
sequences from other bacterial species previously re-
ported in the GenBank database (www.ncbi.nlm.nih.gov/
Blast.cgi, NCBI). Multiple alignments of bacterial
16S rDNA sequences and the phylogenetic analysis were
conducted using the Muscle program and the maximum
likelihood method using the MEGA 6 software package,
respectively. 

Optimization of pigment production

The amount of carotenoids synthesized in the pre-
sence of 1 g/l glucose, sucrose, maltose, starch, xylose,
sorbitol, and raffinose was evaluated in a broth medium
containing yeast extract (1 g/l) and dipotassium phos-
phate (KH2PO4, 0.1 g/l). The amount of carotenoids
synthesized in the presence of 1 g/l yeast extract, tryp-
tone, peptone, casein, ammonium sulfate, calcium ni-
trate, potassium nitrate, and ammonium nitrate was
evaluated in a broth medium containing 1 g/l glucose
and 0.1 g/l KH2PO4. 

The effect of different concentrations of whey me-
dium (Pegah Company, Iran), i.e., 4, 5, and 6% w/v, on
the pigment production of the isolated strain was also
determined. The whey medium was sterilized in three
steps: first, autoclaving at 110EC for 15 min; second,
filtering (Whatman No. 40 filter paper) and centrifuging
at 4000 rpm for 20 min, and third, autoclaving at 110EC
for 15 min.

The inoculum was prepared using a loopful of pure
culture in a 5 ml TGY broth medium (pH 7.2) until it
reached an optical density (OD) equal to that of
a 0.5 McFarland standard (1–2 × 108 CFU/ml). It was
then inoculated into the abovementioned media at the
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concentration of 1% v/v and incubated at 30EC for 5 days
(120 rpm).

The produced biomasses were extracted, and the total
carotenoid content was evaluated for each fermentation
medium following the procedures described below.

Extraction of carotenoid pigment

For each fermentation medium, a 10 ml sample was
taken and centrifuged at 4000 rpm for 10 min at 4EC to
remove the supernatant. The cell pellets were washed
twice with saline (0.9% w/v NaCl in deionized water) and
centrifuged again at 4000 rpm for 10 min at 4EC. Sub-
sequently, the cell pellets were resuspended in 2 ml of
pure methanol by vortexing for 10 min and incubated at
10EC for 45 min.  The mixture was then centrifuged at
4000 rpm for 10 min to obtain the supernatant. The
resulted supernatant was collected, and the residual
biomass was remixed with the solvent. The addition of
solvent to the bacterial pellet and the subsequent steps
were repeated until the pellet became completely co-
lorless. Finally, the resulting supernatants were dried at
40EC and stored at 4EC for further analysis (Zamanian
and Etemadifar, 2017). In addition to methanol, other
solvents including acetone, ethanol, chloroform, and
N-hexane, were also separately used to extract the caro-
tenoid pigment from the fermentation media. 

Measurement of biomass and total carotenoid content

The amount of the produced carotenoid in the 10 ml
fermentation medium was evaluated according to equa-
tion:

           Total carotenoids [μg/l] = 
 A474 × Vs × 109

   A %1

1 cm × 100

In equation, A474, Vs, and  represent the total carotenoid
maximum absorbance in the solvent, the sample solution
volume, and the total carotenoid specific absorption
coefficient in a 1 cm cell for a 1% solution, respectively
(Nasri Nasrabadi and Razavi, 2010).

To determine the amount of the produced microbial
biomass, 100 ml of each fermentation medium was
centrifuged at 4000 rpm for 5 min. The pellet was then
dried at 70EC for 72 h and weighed. For the whey me-
dium, the microbial biomass was calculated by subtrac-
ting the weight of the microbial pellet from the weight of
the pellet from an uninoculated whey medium. 

Antioxidant activity of the pigment using ferric reducing
antioxidant power (FRAP)

To determine the antioxidant activity of the pigment
extract using the ferric reducing antioxidant power
(FRAP) assay, various concentrations of the pigment
(0.5–10 μg'ml) were mixed with 1 ml ddH20, 2.5 ml
sodium phosphate buffer (200 mM, pH 6.6), and 2.5 ml
potassium ferricyanide (1% w/v). The mixture was then
incubated at 50EC for 20 min, following which 2.5 ml
trichloroacetic acid (10% w/v) was added and the solu-
tion was mixed. The final mixture was centrifuged at
2000 rpm for 10 min. Subsequently, 1 ml ferric chloride
(0.1% w/v) was mixed with a 10 ml sample mixture con-
taining 5 ml supernatant and 5 ml sterile ddH20. The
absorbance of the mixture was immediately measured at
700 nm. Ascorbic acid was used as a positive control,
and all the analyses were performed in triplicate. The
half-maximal effective concentration (EC50), i.e., the
amount of pigment that decreased the absorbance of
ferricyanide by 50%, was determined using a dose-res-
ponse linear regression plot (inhibition percentage on
the vertical axis against pigment concentration on the
horizontal axis) (Benzie and Szeto, 1999).

Antioxidant activity of the pigment using DPPH

To determine the antioxidant activity of the pigment
extract using 2,2-diphenyl-1-picrylhydrazyl (DPPH), dif-
ferent concentrations of the pigment (0.05–10 mg'ml)
were mixed with 0.1 mM DPPH methanolic solution
(1 ml). The mixture was then incubated in a dark room
for 30 min at room temperature. Subsequently, the ab-
sorbance of the mixture was measured at 517 nm. As-
corbic acid was used as a positive control and all the
analyses were performed in triplicate. The half-maximal
effective concentration (EC50), i.e., the amount of pig-
ment that decreased the absorbance of DPPH by 50%,
was determined using a dose-response linear regression
plot (inhibition percentage on the vertical axis against
pigment concentration on the horizontal axis) (Sharma
and Bhat, 2009)

Cytotoxic activity of the pigment

The cytotoxic activity of the extracted pigment was
measured using the MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide) assay. In this test, the
viability of cells was analyzed based on the ability of their
mitochondrial NAD(P)H-dependent oxidoreductases to
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reduce MTT to its purple insoluble form (formazan) in
the presence of the pigment. In the present study, the
MTT assay was performed using the human fibroblast
(HBF) cell line (IBRC C10459, Iranian Biological Re-
source Center) based on the protocol described pre-
viously (Rezaeeyan et al., 2017). 

Antimicrobial activity of the pigment

The agar well diffusion method was used to evaluate
the antibacterial activity of D. maris pigment extract
against Staphylococcus aureus and Escherichia coli in
Muller-Hinton agar (MHA) plates. For this purpose,
50 μl of carotenoid extract, 100 μl of bacterial suspen-
sion (equivalent to 0.5 MacFarland standard), and 50 μl
methanol as the control were used. All the analyses were
performed in triplicate, and the mean of the diameter of
inhibition growth was reported as the antibacterial acti-
vity of the pigment extract after 24 h incubation at 37EC.

Statistical analysis

Duncan’s multiple ranges and ANOVA (Analysis of
Variance) tests with 95% confidence interval were per-
formed to determine the statistical significance of the
observed differences between the various treatments
and controls. 

Results 

Microbial strain identification and phylogenetic analysis
After the second stage of the UV tolerance screening

method, 10 UV-resistant microbial strains were isolated
from an oil-contaminated soil, and one of these strains
was selected for further analysis based on the highest
number of grown colonies (1.2 × 103 CFU/ml). The stu-
died strain was gram-positive, nonmotile, catalase-posi-
tive, coccoid bacterium with orange pigmented colonies
on TGY agar medium. The partial 16S rRNA gene of the
isolated strain was sequenced and deposited in GenBank
under the accession number KP222293. The strain sho-
wed 99.2% similarity to Dietzia maris based on the re-
sults of BLAST analysis. The phylogenetic dependencies
also showed that the strain had a close relationship with
D. maris (Fig. 1). 

Effect of different nitrogen sources on biomass 
and pigment production

All nitrogen sources had a significant influence on the
pigment production of the studied strain as compared to

the control, which had no nitrogen sources (Fig. 2). The
nitrogen sources increased the pigment production of
D. maris in the following order: yeast extract (18 mg/l)
= peptone (18 mg/l) > casein (17.5 mg/l) > tryptone
(14.3 mg/l) > ammonium sulfate (13 mg/l) > potassium
nitrate (10 mg/l) > calcium nitrate (9 mg/l) > ammonium
nitrate (7 mg/l).  The nitrogen sources also increased
the microbial biomass content of D. maris in the fol-
lowing order: yeast extract (6.8 g/l) > peptone (4.1 g/l)>
potassium nitrate (3.4 g/l) > casein (3.3 g/l) > ammo-
nium nitrate (2.5 g/l) > tryptone (2.3 g/l) > calcium
nitrate (1.4 g/l) > ammonium sulfate (1.2 g/l).  The re-
sults of the effect of different nitrogen sources on the
biomass and carotenoid production of D. maris are
shown in Table 1.

Yeast extract, peptone, and casein increased the pig-
ment production of D. maris by approximately 9-fold.
These nitrogen sources also increased the microbial
biomass by approximately 6.8-, 4.1-, and 3.3-fold, res-
pectively. Therefore, it can be concluded that the ca-
rotenoid pigment content had a direct relationship with
the bacterial biomass in the presence of organic nitrogen
sources. However, this relationship was not observed for
the inorganic nitrogen sources in the fermentation me-
dium. 

The results showed that potassium nitrate (10 mg/l),
calcium nitrate (9.5 mg/l), and ammonium nitrate
(7 mg/l) had the lowest effect on pigment production, al-
though potassium nitrate increased the microbial bio-
mass by approximately 3.4-fold. Therefore, nitrate salts
were not considered as effective nitrogen sources in the
pigment production of the studied strain. 

Effect of different carbon sources on biomass 
and pigment production

The results of the effect of different carbon sources
on the biomass and carotenoid production of  D. maris
are shown in Table 1. All carbon sources had a signi-
ficant influence on the pigment production of the studied
strain as compared to the control, which had no carbon
sources (Fig. 3). The maximum pigment production in-
creased by approximately 6.6-fold in the presence of
glucose (P = 0.01). The carbon sources increased the
pigment production of D. maris in the following order:
glucose (8 mg/l) > raffinose (5.6 mg/l) = starch
(5.5 mg/l) = xylose (5.2 mg/l) > sorbitol (4.1 mg/l) > su-
crose (3 mg/l). However, only glucose (2.2 g/l), xylose 
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KP222293.1  strain NM2 16S ribosomal RNA gene partial sequence

MK854960.1  strain PO391 

Dietzia maris

Dietzia maris 16S ribosomal RNA gene partial sequence

KU357049.1  strain NWWC4 16S ribosomal RNA gene partial sequence

KU597073.1  strain P26 16S ribosomal RNA gene partial sequence

KU601225.1  strain Y1 16S ribosomal RNA gene partial sequence

KP207685.1  strain NM3 16S ribosomal RNA gene partial sequence

KU560305.1  sp. MCCC 1A09849 16S ribosomal RNA gene partial sequence

KU 560425.1  sp. MCCC 1A11199 16S ribosomal RNA gene partial sequence

MK039051.1  sp. strain EGI 63093 16S ribosomal RNA gene partial sequence

AY771327.1  strain DSM 777 16S ribosomal RNA gene partial sequence

AB334770.1  gene for 16S ribosomal RNA gene partial sequence

KM262809.1  strain 10 16S ribosomal RNA gene partial sequence
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Fig. 1. Phylogenetic analysis of the 16S rDNA sequence of the isolated strain based on the maximum likelihood method;
the numbers in brackets show the accession numbers of the reference strains 

Table 1. Dietzia maris biomass and pigment production
in the presence of various fermentation media formulation

Carbon source
Biomass

production
[g/l]

Pigment
production

[mg/l]

Glucose 2.2 8

Starch 1.4 5.5

Sucrose 1.3 3

Xylose 3.1 5.2

Raffinose 1.1 5.6

Sorbitol 3.3 4.1

Yeast extract 6.8 18

Casein 3.3 17.5

Peptone 4.1 18

Tryptone 2.3 14.3

Ammonium nitrate 2.5 7

Ammonium sulfate 1.2 13

Calcium nitrate 1.4 9

Potassium nitrate 3.4 10

Whey (4% w/v) 2.8 8

Whey (5% w/v) 3.8 12

Whey (6% w/v) 7.2 17

(3.1 g/l), and sorbitol (3.3 g/l) increased the microbial
biomass at a significance level when compared with the
control (1.1 g/l). The biomass production in the medium
containing sucrose (1.3 g/l) or raffinose (1.1 g/l) was not
significantly different from that of the control (1 g/l).
Therefore, in contrast to the organic nitrogen sources,
the pigment production did not have a direct relation-
ship with the bacterial biomass in the presence of the 

Fig. 2. Effect of different nitrogen sources on the biomass
and carotenoid production of Dietzia maris

studied carbon sources. For example, the highest in-
crease in biomass was obtained in the medium con-
taining sorbitol, but it had the lowest positive effect on
pigment synthesis (3 mg/l). 

Effect of different concentrations of whey on biomass
and pigment production

The results of the effect of different whey concentra-
tions on the biomass and carotenoid production of
D. maris are shown in Table 1. The whey medium at the
concentration of 6% w/v increased the microbial biomass
(7.2 g/l) and carotenoid production (17 mg/l) of D. maris
more than that observed for the other studied concentra-
tions of whey (Fig. 4).

Evaluation of antioxidant, antibacterial, and cytotoxic
properties of pigment

The results of D. maris antioxidant activity using
FRAP and DPPH tests are shown in Table 2. The anti-
oxidant capacity of D. maris carotenoid extract was eva-
luated as EC50 3.30 mg/ml and EC50 28.46 μg/ml in the
DPPH and FRAP assays, respectively. At the concentra-
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Fig. 3. Effect of different carbon sources on the biomass
and carotenoid production of Dietzia maris

Fig. 4. Effect of different concentrations of whey on biomass
and pigment production of Dietzia maris 

tion of 10 mg/ml, the pigment extract decreased the
absorbance of DPPH by approximately 91%, which was
higher than that of the control, i.e., ascorbic acid (89%)
in the DPPH method. The results also revealed that
a dose-dependent effect of D. maris carotenoid pigment
in both the FRAP and DPPH assays, i.e, the antioxidant
activity of D. maris carotenoid pigment increased with
the increase in the pigment concentration. 

D. maris carotenoid pigment had no cytotoxic effect
against the HFB cell line. The percent of viable cells in
the presence of 50, 100, 200, and 500 mg/ml of D. maris
carotenoid pigment was 93, 88, 82, and 77%, respecti-
vely. 

The results of the agar well diffusion method to eva-
luate the antibacterial activity of D. maris pigment ex-
tract against S. aureus and E. coli showed that the
extract has no antibacterial effects on the tested bac-
terial strains on the basis of absence of inhibition zones
around S. aureus and E. coli colonies.  

Discussion

Carotenoids are extensively used in various indu-
stries, including pharmaceuticals, food, animal feed, be-

verages, diet supplements, and cosmetics (Cheng et al.,
2020). Their high commercial demand has led to the
supply of these compounds through chemical synthesis
technology (Ram et al., 2020). However, the adverse
effects of synthetic carotenoids, such as carcinogenicity,
toxicity, and teratogenicity properties, have resulted in
increasing attention being directed toward natural caro-
tenoid sources, including microorganisms (Galanakis,
2016). Previous studies have shown that higher caro-
tenoid pigment production in the microbial strains could
be related to a higher ability to resist UV radiation (Mo-
hana et al., 2013; Sajjad et al., 2017). Therefore, the
carotenoid pigment production by a radiation-resistant
strain of the genus Dietzia was investigated in the pre-
sent study. The genus Dietzia has broad potential bio-
technological applications such as production of pig-
ments, biosurfactants, bioemulsifiers, and extracellular
polymeric substances (EPSs) as well as in bioremedia-
tion of pollutants, hydrocarbons, and crude oil (Click and
Van Kampen, 2009; Liu et al., 2009; Nakano et al., 2011;
Gharibzahedi et al., 2014a). However, there are few
studies on the production of carotenoid pigment in this
genus (Khodaiyan et al., 2007; Tao et al., 2007; Nasri
Nasrabadi and Razavi, 2010; Gharibzahedi et al., 2013;
Venugopalan et al., 2013; Zamanian and Etemadifar,
2017). Various microbial species or strains need dif-
ferent carbon and nitrogen sources for their growth and
pigment production. Therefore, the optimum fermenta-
tion media and culture conditions for pigment produc-
tion must be determined for each strain separately
(Zhao et al., 2019). Hence, in the present study, the opti-
mization of carotenoid production of a newly isolated
UV-resistant bacterial strain was conducted in the pre-
sence of various carbon and nitrogen sources. 

The results showed that all the studied carbon and
nitrogen sources had significant effects on the biosyn-
thesis of pigment production in D. maris  when compa-
red with the control. The maximum amount of biomass
and carotenoid pigment produced by D. maris was ob-
tained in the fermentation medium containing 1 g/l glu-
cose and 1 g/l yeast extract (18 mg/l). Similar results
were obtained in previous studies. Khodaiyan et al.
(2007) reported that the most effective carbon source
for growth and CTX production by D. natronolimnaea
HS-1 was glucose (Khodaiyan et al., 2007). Gharibzahedi
et al. (2012) found that glucose and mannose had a posi-
tive influence on CTX biosynthesis and the growth of
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Table 2. Dietzia maris antioxidant activity

Concentration
[mg/ml]

 Pigment DPPH assay
(inhibition percent)

Concentration
[μg/ml]

 Pigment FRAP
assay (OD700 nm)

0.05 18 0.5 0.035

0.1 26 2 0.07

0.5 31 4 0.13

1 43 6 0.14

5 68 8 0.17

10 91 10 0.19

a mutant of D. natronolimnaea HS-1 (Gharibzahedi
et al., 2012). In contrast, the growth of D. maris NIT-D
was inhibited by glucose at concentrations higher than
15 g/l (Goswami et al., 2012). The carotenoid production
of Neurospora intermedia, Xanthophyllomyces dendro-
rhous, and Kukoria marina was decreased in the pre-
sence of glucose (Mitra et al., 2015; Alcaíno et al., 2016;
Gmoser et al., 2018). However, this phenomenon was
not observed in our study, and the pigment production
increased by 6.6-fold in the fermentation medium con-
taining glucose as the carbon source. 

Among inorganic nitrogen sources, ammonium sul-
fate and potassium nitrate showed better effects on the
pigment production of the studied strain. The effective-
ness of ammonium sulfate and potassium nitrate in the
production of carotenoids was also reported previously
for other microbial strains (El-Banna et al., 2012; Mo-
hana et al., 2013). In this study, despite an increase in
the microbial biomass in the presence of some inorganic
nitrogen sources, the organic nitrogen sources, espe-
cially yeast extract, peptone, and casein, had more posi-
tive effects on the pigment production of D. maris. Simi-
larly, Khodaiyan et al. (2008) and Gharibzahedi et al.
(2014b) found that yeast extract had a significant effect
on the production of CTX by D. natronolimnaea HS-1
(Khodaiyan et al., 2008; Gharibzahedi et al., 2014b).
Overall, D. maris produced more carotenoid pigment
under the optimized condition when compared with the
maximum amount of carotenoid pigment produced by
Rhodotorula glutinis (1.9 mg/l) and D. natronolimnaea
HS-1 (14.67 mg/l) (Khodaiyan et al., 2007; El-Banna
et al., 2012).  

Industrial wastes such as whey, cane molasses, po-
tato starch, and corn steep liquor are the cost-effective
nutrient sources for the production of carotenoids or

other microbial metabolites (Kot et al., 2019; Galal and
Ahmed, 2020; Zheng et al., 2021). Among them, whey
contains lactose and casein that serve as carbon and
nitrogen sources for pigment production (Khodaiyan
et al., 2008; Ribeiro et al., 2017; Charalampia et al.,
2019). Herein, the studied strain showed good biomass
and carotenoid production in the presence of lactose,
casein, and whey medium (maximum 17 mg/l). Because
the amount of carotenoid production of D. maris in the
whey medium was not very less than that in the optimi-
zed fermentation medium, the whey medium can be con-
sidered as an economical fermentation medium for the
production of carotenoids using D. maris. Cheese whey
is considered as a promising fermentation medium for
carotenoid production; however, only a few studies have
addressed this issue to date (Ribeiro  et al., 2017; Lap-
pa et al., 2019; Bonett et al., 2020). Dietzia natronolim-
naea HS-1 (2.87 mg/l) and Rhodotorula mucilaginosa
(11.3 mg/l) are some of the microorganisms that pro-
duced carotenoid through fermentation in cheese whey
(Khodaiyan et al., 2008; Marova et al., 2017). Compared
to these strains, D. maris in the present study produced
more carotenoid pigments using cheese whey (17 mg/l). 

EC50 represents the carotenoid extract concentration
that decreases the initial DPPH concentration by 50%;
therefore, the lower the EC50 value, the higher is the
antioxidant activity (Ron et al., 2018). The results of the
antioxidant activity of D. maris carotenoid extract revea-
led EC50 3.30 mg/ml in the DPPH assay and EC50

28.46 of the DPPH test reported in previous studies for
Pseudomonas argentinensis (31.13 mg/ml), Serratia ru-
bidaea (10.31 mg/ml), Arthrobacter sp. G20 (4.5 mg/ml),
Dietzia schimae (1.58 mg/ml), Rhodothermus marinus
DSM 4252T (223.1 μg/ml), and Spirulina platensis (66.6
to 204.5 μg/ml), the antioxidant activity of the strain in
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the present study was moderate (Pawar et al., 2015; Afra
et al., 2017; Zamanian and  Etemadifar, 2017; Ron et al.,
2018). All the concentrations of the carotenoid extract
in the present study showed DPPH scavenging or ferric
reducing power activities, and the antioxidant activity
increased with an increase in carotenoid concentration. 

In conclusion, D. maris is a promising industrial
strain for the production of carotenoid pigment because
this strain produced a significant amount of carotenoid.
In addition, the carotenoid extract of D. maris showed
antioxidant activity; moreover, the pigment was nontoxic
and noninhibitory to the human fibroblast cell line and
normal flora. Further studies should be conducted to
improve the biosynthesis of carotenoid production of D.
maris.

Acknowledgments

This research was supported by the University of Isfahan. 

References

Afra S., Makhdoumi A., Matin M.M., Feizy J. (2017) A novel
red pigment from marine Arthrobacter sp. G20 with spe-
cific anticancer activity. J. Appl. Microbiol. 123(5):
1228–1236.

Alcaíno J., Bravo N., Córdova P., Marcoleta A.E., Contreras
G., Barahona S., Cifuentes V. (2016) The involvement of
Mig1 from Xanthophyllomyces dendrorhous in catabolic
repression: an active mechanism contributing to the re-
gulation of carotenoid production. PloS one. 11(9):
e0162838.

Benzie I.F., Szeto Y.T. (1999) Total antioxidant capacity of
teas by the ferric reducing/antioxidant power assay. J. Agr.
Food. Chem. 47(2): 633–636.

Bogacz-Radomska L., Harasym J., Piwowar A. (2020) Com-
mercialization aspects of carotenoids. [in:] Carotenoids:
properties, processing and applications. Academic Press:
327–357.

Bonett J.E.A., de Sousa Geraldino P., Cardoso P.G., de Freitas
Coelho F., Duarte W.F. (2020) Isolation of freshwater
microalgae and outdoor cultivation using cheese whey as
substrate. Biocatal. Agric. Biotechnol. 29: 101799.

Charalampia D., Antonios K.E., Rafaela M., Skiadaresis A.,
Haralabos K., Yanniotis S. (2019) Using cheese whey for
the production of carotenoids, ergosterol and novel func-
tional foods of industrial interest though a series of opti-
mized bio-and chemical-processes. Int. J. Agric. Environ.
Biotechnol. 4(2): 529–538.

Cheng S.H., Khoo H.E., Kong K.W., Prasad K.N., Galanakis
C.M. (2020) Extraction of carotenoids and applications.
[in:] Carotenoids: properties, processing and applications. 
Academic Press: 259–288. https://doi.org/10.1016/B978-0-
12-817067-0.00008-7

Click R.E., Van Kampen C.L. (2009) Progression of Johne’s di-
sease curtailed by a probiotic. J. Dairy. Sci. 92: 4846–4851. 

El-Banna A.A., El-Razek A.M.A., El-Mahdy A.R. (2012) Some
factors affecting the production of carotenoids by Rhodo-
torula glutinis var. glutinis. Food. Nutr. Sci. 3(01): 64.

Etemadifar Z., Gholami M., Derikvand P. (2016) UV-resistant
bacteria with multiple-stress tolerance isolated from desert
areas in Iran. Geomicrobiol. J. 33(7): 1–7.

Gabani P., Singh O.V. (2013) Radiation-resistant extremo-
philes and their potential in biotechnology and thera-
peutics. Appl. Microbiol. Biot. 97(3): 993–1004.

Galal G.F., Ahmed R.F. (2020) Using of some agro-industrial
wastes for improving carotenoids production from yeast
Rhodotorula glutinis 32 and Bacteria Erwinia uredovora
DSMZ 30080. Microbiol. Res. J. Int. 15–25.

Galanakis C.M. (2016) Nutraceutical and functional food com-
ponents: Effects of innovative processing techniques. Aca-
demic Press. https://doi.org/10.1016/B978-0-12-805257-
0.00008-9

Gharibzahedi S.M.T., Razavi S.H., Mousavi S.M., Moayedi V.
(2012) High efficiency canthaxanthin production by a novel
mutant isolated from Dietzia natronolimnaea HS-1 using
central composite design analysis. Ind. Crops. Prod. 40:
345–354.

Gharibzahedi S.M.T., Razavi S.H., Mousavi S.M. (2013) Com-
parison of antioxidant and free radical scavenging activities
of biocolorant synthesized by Dietzia natronolimnaea HS-1
cells grown in batch, fed-batch and continuous cultures.
Ind. Crops. Prod. 49: 10–16.

Gharibzahedi S.M.T., Razavi S.H., Mousavi M. (2014a) Po-
tential applications and emerging trends of species of the
genus Dietzia: a review. Ann. Microbiol. 64(2): 421–429.

Gharibzahedi S.M.T., Razavi S.H., Mousavi M. (2014b) En-
zymatically hydrolysed molasses and sodium citrate as new
potentials for the improvement of canthaxanthin batch
synthesis by Dietzia natronolimnaea HS-1: A statistical
media optimisation. Czech J. Food Sci. 32(4): 326–336.

Gholami M., Etemadifar Z., Bouzari M. (2015) Isolation a new
strain of Kocuria rosea capable of tolerating extreme con-
ditions. J. Environ. Radioact. 144: 113–119.

Gilardi G.L. (1967) Morphological and biochemical chara-
cteristics of Aeromonas punctata (hydrophila, liquefaciens)
isolated from human sources. Appl. Environ. Microbiol.
15(2): 417–421.

Goswami G., Chakraborty S., Chaudhuri S., Dutta D. (2012)
Optimization of process parameters by response surface
methodology and kinetic modeling for batch production of
canthaxanthin by Dietzia maris NIT-D (accession number:
HM151403). Bioprocess. Biosyst. Eng. 35(8): 1375–1388.

Gmoser R., Ferreira J., Lundin M., Taherzadeh M., Lennartsson
P. (2018) Pigment production by the edible filamentous
fungus Neurospora intermedia. Fermentation. 4(1): 11–26.

Gyawali R., Ibrahim S.A. (2014) Natural products as antimicro-
bial agents. Food control 46: 412–429.

Hamidi M., Hejazi M.S., Nazemyieh H., Hejazi M.A., Naziri D.
(2017) Halorubrum Sp. TBZ112, an extremely halophilic



A.S. Bakhtiyari, Z. Etemadifar, M.S. Borhani, N. Zamanian206

carotenoid-producing archaeon isolated from Urmia Lake.
Pharm. Sci. 23(2): 150–158.

Irkin R. (2019) Natural fermented beverages. [in:] Natural be-
verages. Academic Press: 399–425. 

Junior J.C.R., Tamanini R., Soares B.F., de Oliveira A.M., de
Godoi Silva F., da Silva F.F., Beloti V. (2016) Efficiency of
boiling and four other methods for genomic DNA extrac-
tion of deteriorating spore-forming bacteria from milk.
Semin. Cienc. Agrar. 37(5): 3069–3078.

Khodaiyan F., Razavi S.H., Emam-Djomeh Z., Mousavi S.M.A.,
Hejazi M.A. (2007) Effect of culture conditions on cantha-
xanthin production by Dietzia natronolimnaea HS-1. J.
Microbiol. Biotechn. 17(2): 195.

Khodaiyan F., Razavi S.H., Mousavi S.M. (2008) Optimization
of canthaxanthin production by Dietzia natronolimnaea HS-
1 from cheese whey using statistical experimental me-
thods. Biochem. Eng. J. 40(3): 415–422. 

Kot A. M., Błażejak S., Kieliszek M., Gientka I., Bryś J. (2019)
Simultaneous production of lipids and carotenoids by the
red yeast Rhodotorula from waste glycerol fraction and po-
tato wastewater. Appl. Biochem. Biotechnol. 189(2):
589–607.  

Langi P., Kiokias S., Varzakas T., Proestos C. (2018) Caro-
tenoids: from plants to food and feed industries. [in:]
Microbial carotenoids. Humana Press: 57–71.

Lappa I.K., Papadaki A., Kachrimanidou V., Terpou A., Kou-
lougliotis D., Eriotou E., Kopsahelis N. (2019) Cheese
whey processing: integrated biorefinery concepts and
emerging food applications. Foods. 8(8): 347.

Liu J., Huang X.F., Lu L.J., Xu J.C., Wen Y., Yang D.H., Zhou
Q. (2009) Comparison between waste frying oil and paraf-
fin as carbon source in the production of biodemulsifier by
Dietzia sp. S-JS-1. Bioresour. Technol. 100: 6481–6487. 

Malik K., Tokkas J., Goyal S. (2012) Microbial pigments:
a review. Int. J. Microbial. Res. Technol. 1(4): 361–365.

Mapelli-Brahm P., Barba F.J., Remize F., Garcia C., Fessard
A., Mousavi Khaneghah A., Meléndez-Martínez A.J. (2020)
The impact of fermentation processes on the production,
retention and bioavailability of carotenoids: an overview.
Trends. Food. Sci. Technol. 99: 389–401.

Mitra R., Samanta A.K., Chaudhuri S., Dutta D. (2015) Growth
kinetics and carotenoid production of a newly isolated bac-
terium on glucose as a carbon source during batch fer-
mentation. [in:] Int. Conf. on Advances in Biotechnology
(BioTech) Proceedings Singapore: Global Science and
Technology Forum.

Mohana D., Thippeswamy S., Abhishe R. (2013) Antioxidant,
antibacterial, and ultraviolet-protective properties of caro-
tenoids isolated from Micrococcus spp. Radiat. Prot.
Environ. 36(4): 168–174.

Molnár J., Gyémánt N., Tanaka M., Hohmann J., Bergmann-
Leitner E., Molnár P., Ferreira M.J. (2006) Inhibition of
multidrug resistance of cancer cells by natural diterpenes,
triterpenes and carotenoids. Curr. Pharm. 12(3): 287–311.

Marova I., Szotkowski M., Vanek M., Rapta M., Byrtusova D.,
Mikheichyk N., Shapaval V. (2017) Utilization of animal fat

waste as carbon source by carotenogenic yeasts – a scre-
ening study.  Euro. Biotech. J. 1(4): 310–318.

Nabi F., Arain M. A., Rajput N., Alagawany M., Soomro J.,
Umer M., Liu J. (2020) Health benefits of carotenoids and
potential application in poultry industry: a review. J. Anim.
Physiol. Anim. Nutr. 104(6): 1809–1818.

Nakano M., Kihara M., Iehata S., Tanaka R., Maeda H., Yoshi-
kawa T. (2011) Wax ester-like compounds as biosurfac-
tants produced by Dietzia maris from n-alkane as a sole
carbon source. J. Basic. Microbiol. 51: 490–498.

Nasri Nasrabadi M.R., Razavi S. H. (2010) Enhancement of
canthaxanthin production from Dietzia natronolimnaea
HS-1 in a fed-batch process using trace elements and
statistical methods. Braz. J. Chem. Eng. 27(4): 517–529.

Novoveská L., Ross M.E., Stanley M.S., Pradelles R., Wasiolek
V., Sassi J.F. (2019) Microalgal carotenoids: a review of
production, current markets, regulations, and future di-
rection. Mar. drugs. 17(11): 640.

Ozougwu J.C. (2016) The role of reactive oxygen species and
antioxidants in oxidative stress. Int. J. Sci. Res. 3(6): 1–8.

Pawar R., Mohandass C., Sivaperumal E., Sabu E., Rajasaba-
pathy R., Jagtap T. (2015) Epiphytic marine pigmented
bacteria: a prospective source of natural antioxidants.
Braz. J. Microbiol. 46(1): 29–39. 

Ram S., Mitra M., Shah F., Tirkey S.R., Mishra S. (2020) Bac-
teria as an alternate biofactory for carotenoid production:
A review of its applications, opportunities and challenges.
J. Funct. Foods. 67: 103867.

Rezaeeyan Z., Safarpour A., Amoozegar M.A., Babavalian H.,
Tebyanian H., Shakeri F. (2017) High carotenoid produc-
tion by a halotolerant bacterium, Kocuria sp. strain QWT-
12 and anticancer activity of its carotenoid. Excli J. 16:
840–851.

Ribeiro J.E.S., Martini M., Altomonte I., Salari F., Nardoni S.,
Sorce C., Andreucci A. (2017) Production of Chlorella
protothecoides biomass, chlorophyll and carotenoids using
the dairy industry by-product scotta as a substrate. Bio-
catal. Agric. Biotechnol. 11: 207–213. 

Rodriguez-Concepcion M., Avalos J., Bonet M.L., Boronat A.,
Gomez-Gomez L., Hornero-Mendez D., Ribot J. (2018)
A global perspective on carotenoids: Metabolism, bio-
technology, and benefits for nutrition and health. Prog.
Lipid. Res. 70: 62–93.

Ron E.Y., Plaza M., Kristjansdottir T., Sardari R.R., Bjorns-
dottir S.H., Gudmundsson S., Nordberg Karlsson E. (2018)
Characterization of carotenoids in Rhodothermus marinus.
Microbiologyopen 7(1): e00536. 

Roukas T., Varzakakou M., Kotzekidou P. (2015) From cheese
whey to carotenes by Blakeslea trispora in a bubble
column reactor. Appl. Biochem. Biotechnol. 175(1):
182–193. 

Sajjad W., Ahmad M., Khan S., Ilyas S., Hasan F., Celik C.,
Shah A.A. (2017) Radio-protective and antioxidative acti-
vities of astaxanthin from newly isolated radio-resistant
bacterium Deinococcus sp. strain WMA-LM9. Ann. Micro-
biol. 67(7): 443–455.



Enhancement of carotenoids from a UV-resistant Dietzia maris strain 207

Saini R.K., Keum Y.S. (2019) Microbial platforms to produce
commercially vital carotenoids at industrial scale: an up-
dated review of critical issues. J. Ind. Microbiol. 46(5):
657–674.

Sathasivam R., Radhakrishnan R., Kim J.K., Park S.U. (2020)
An update on biosynthesis and regulation of carotenoids in
plants. S. Afr. J. Bot. 1-13. https://doi.org/10.1016/j.sajb.
2020.05.015

Sharma O.P., Bhat T.K. (2009) DPPH antioxidant assay re-
visited. Food chem. 113(4): 1202–1205.

Tao L., Yao H., Cheng Q. (2007) Genes from a Dietzia sp. for
synthesis of C40 and C50 β-cyclic carotenoids. Gene
386(1–2): 90–97.

Tian L., Xu X., Jiang L., Zhang Z., Huang H. (2019) Optimiza-
tion of fermentation conditions for carotenoid production
in the radiation-resistant strain Deinococcus xibeiensis
R13. Bioprocess. Biosyst. Eng. 42(4): 631–642.

Venil C.K., Zakaria Z.A., Ahmad W.A. (2013) Bacterial pig-
ments and their applications. Process. Biochem. 48(7):
1065–1079.

Venugopalan V., Tripathi S.K., Nahar P., Saradhi P.P., Das
R.H., Gautam H.K. (2013) Characterization of cantha-
xanthin isomers isolated from a new soil Dietzia sp. and
their antioxidant activities. J. Microbiol. Biotechnol. 23(2):
237–245. 

Xue Y., Ventosa A., Wang X., Ren P., Zhou P., Ma Y. (2008)
Bacillus aidingensis sp. nov., a moderately halophilic bacte-
rium isolated from Ai-Ding salt-lake in China. Int. J. Syst.
Evol. Micr. 58(12): 2828–2832.

Yabuzaki J. (2017) Carotenoids Database: structures, chemical
fingerprints and distribution among organisms. Database
(Oxford). bax004. doi: 10.1093/database/bax004. 

Zamanian S.N., Etemadifar Z. (2017) Radical scavengering of
pigments from novel strains of Dietzia schimae and Micro-
bacterium esteraromaticum. Prog. Biol. Sci. 6(2): 159–170.

Zhang Y., Liu Z., Sun J., Xue C., Mao X. (2018) Biotechno-
logical production of zeaxanthin by microorganisms.
Trends. Food. Sci. Technol. 71: 225–234.

Zhao Y., Guo L., Xia Y., Zhuang X., Chu W. (2019) Isolation,
identification of carotenoid-producing Rhodotorula sp.
from marine environment and optimization for carotenoid
production. Mar. Drugs. 17(3): 161.

Zheng X., Hu R., Chen D., Chen J., He W., Huang L., Xue T.
(2021) Lipid and carotenoid production by the Rhodo-
sporidium toruloides mutant in cane molasses. Bioresour.
Technol. 326: 124816.


