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1. Introduction
  

 The tendency towards health problems is 
increasing, so non-toxic resources are widely 
considered in various industrial fields. Natural 
pigments are renewable, biodegradable, 
environmentally friendly, and known for their use 
in cosmetics, food ingredients, textile dyeing, and 
pharmaceutics (Shahid et al. 2013). Actinobacteria are 
Gram-positive bacteria with 51-70%  G+C DNA content 
which can produce a wide variety of secondary 
metabolites such as pigments (Ventura et al. 2007; 
Fernandes et al. 2021). Actinobacteria can produce 
various types of pigments, including yellow to 
orange. Some familiar examples of yellowish-orange 
pigments are carotenoids, flexirubin, ankaflavin, 
and anthraquinones. Microorganisms' production 
pigments can be extracellularly or intracellularly 
(Aruldass et al. 2018). Pigments produced by bacteria 
have antioxidant capacity and protect bacteria from 
oxidative damage (Correa-Llantén et al. 2012).
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 Antioxidants are compounds that can prevent 
free radical oxidation processes. The antioxidant 
activity can be determined by DPPH assay. DPPH (α, 
α-diphenyl-β-picrylhydrazyl) free radical scavenging 
method offers the first approach for evaluating the 
antioxidant potential of a compound, an extract 
or other biological sources. In the DPPH assay, 
the compound or extract is mixed with the DPPH 
solution, and the absorbance is recorded after a 
certain period (Baliyan et al. 2022). 
 In recent, there have been several studies of 
antioxidant activity in actinobacteria in Indonesia, 
including the antioxidant activity of endophytic 
actinobacteria in mangosteen peel (Larasati et al. 
2020), Xylocarpus granatum (Ariansyah et al. 2019; 
Ratte et al. 2022), Eleutherine palmifolia (Shabira et al. 
2022). In addition, the study of pigmented bacteria 
has also been reported, including bacteria found in 
seaweed Kappahycus alvarezii (Arlita et al. 2013), 
mangrove sediment bacteria (Riyanti et al. 2019), 
and marine bacteria (Abubakar et al. 2022). However, 
to the best our knowledge studies related to the 
antioxidant activity of pigmented actinobacteria in 
Indonesia have rarely been reported. This study aimed 
to characterize pigmented actinobacteria, measure 



the antioxidant activity of extracts pigments, and 
analyze the crude extracts pigment by LC-MS.

2. Materials and Methods

2.1. Sample Collection 
 Actinobacterial isolates were obtained from 
the mangrove rhizosphere at Cengkrong Beach of 
Trenggalek East Java, Indonesia, from red soil in 
the campus (IPB University) forest, and endophytic 
actinobacterial isolates from mangosteen peel 
identified by Larasati et al. (2020). 

2.2. Isolation and Purification of Actinobacteria
 Soil samples were dried by air drying or using the 
oven at 60°C for 2 hours. About 1 g of soil sample 
was suspended in 10 mL of 0.85% NaCl and incubated 
in shaking incubators at 120 rpm for 2 hours. The 
soil suspension was then diluted 10-1 to 10-6 with 
duplicates. 100 µL of soil suspension from each 
dilution was inoculated on humic acid vitamin agar 
(HV), added with 20 ppm nalidixic acid and 50 ppm 
nystatin, and then incubated at room temperature 
for 3 weeks. Isolates showing different colony 
morphological characters were purified on ISP 2 
medium added with 20 ppm nystatin (Janatiningrum 
and Lestari 2022).

2.3. Morphological Characterization of 
Actinobacteria
 Morphological characterization of pigment-
producing actinobacteria was carried out by growing 
purified bacteria on four different media: ISP 
(International Streptomyces Project) 2, ISP 3, ISP 4, 
and YSA (Yeast Starch Agar). Characterization was 
carried out by identifying based on morphology 
colony and the aerial mycelium's pigmentation using 
a stereomicroscope. Actinobacterial spore chains 
were observed using a light microscope at 400× 
magnification (Larasati et al. 2020).

2.4. Molecular Identification of Actinobacteria
 There were five isolates of actinobacteria with 
yellowish-orange pigment which were identified 
using the 16S rRNA gene. The total bacterial 
genome was isolated using a bacterial isolation kit 
(PrestoTM Mini Kit, Geneaid). Genomic DNA was 
amplified using Polymerase Chain Reaction (PCR) 
with 16S specific primers for actinobacteria 27F 
(5'-AGAGTTTGATCCTGGCTCAG-3') (Bruce et al. 
1992) and 16Sact1114R(5'-GAGTTGACCCCGGCRGT-3')

(Martina et al. 2008). PCR reactions were carried out 
in a total volume of 50 µL, containing 2.5 µL of GoTaq 
Green (Promega) DNA polymerase enzyme, 2.5 µL 
of each primer (10 pmol), 15 µL of nuclease-free 
water, and 5 µL of template DNA. The PCR conditions 
used were pre-denaturation (95°C, 2 minutes), 
denaturation (95°C, 30 seconds), annealing (55°C, 
30 minutes), extension (72°C, 1 minute), and final 
extension (72°C, 7 min) for 30 cycles (Janatiningrum 
et al. 2018). The 16S rRNA gene sequence was 
compared to the sequence database in GenBank using 
the NCBI web. Phylogenetic trees were constructed 
using MEGA X software, bootstrap analysis of 1000 
repetitions using the neighbour-joining method 
(Felsenstein 1985; Saitou and Nei 1987). Lactobacillus 
plantarum C88 has been incorporated as an outgroup 
in the phylogenetic reconstruction.

2.5. Pigment Extraction of Actinobacteria
 Each agar culture from the five actinobacterial 
isolates was taken using a sterile plastic straw as 
many as 16 spheres (diameter = 0.7 cm), then put 
into 1,000 ml ISP2 liquid medium and incubated at 
room temperature using a rotary shaker at 100 rpm 
for 14 days. Then the liquid cultures of actinobacteria 
were centrifuged at 4,000 rpm for 30 minutes at 
4°C. The pellets were added with methanol and then 
heated in water at 50°C. Finally, the methanol layer 
was evaporated with a temperature of 50°C. 

2.6. UV-Vis Analysis of Crude Extract Pigment 
Actinobacteria
 About 0.03 g crude pigment extract of 
actinobacterial pigment was dissolved in 3 ml 
methanol, and its spectrum was measured at a 
wavelength of 190-800 nm (Passos dan Saraiva 
2019). The standard used for comparison is the UV 
Vis spectrum of 4 mg/ml β-carotene (Riyanti et al. 
2019).

2.7. Antioxidant Activity Test of Crude Extract 
Pigment Actinobacteria
 An antioxidant assay was conducted using the 
DPPH (2.2-diphenyl-1-picrylhydrazyl) method. The 
antioxidant activity test method was conducted 
based on Batubara et al. (2009). First, the DPPH 
solution was prepared by mixing 5 mg of DPPH and 
100 ml of ethanol. 1 ml of each sample of the extract 
and ascorbic acid as the positive control were then 
reacted with 1 ml of 125 µM DPPH solution. The 
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absorbance of the mixed solution was measured 
using a spectrophotometer at a wavelength of 
517 nm. Inhibition values are regressed to obtain 
Inhibitory Concentration (IC50) values.
  
2.8. LCMS Analysis
 The extract of pigment of actinobacteria 
was analysed by Ultra-Performance Liquid 
Chromatography (UPLC) coupled to a Xevo 
G2-S QToF-MS (Waters, USA) using electrospray 
ionization. Water + 5 mM Ammonium Formic (A) 
and Acetonitrile + 0.05 % Formic acid (B) was used 
for the mobile phase. 5 µL of the extract was injected 
into the LC column High Strength Silica (HSS) with 
type ACQUITY UPLC® HSS C18 (1.8 µm 2.1 × 100 mm). 
First, the mass spectrophotometry was determined 
with two-generation quadrupole time-of-flight mass 
spectrophotometry in positive ion mode. Then, the 
results were analysed using Masslynx 4.1 software.

2.9. Statistical Analysis
 Data were statistically evaluated using one-way 
analysis of variance (ANOVA) by SPSS, while the 
significant difference was verified using the Tukey 
test at P<0.05.
 

3. Results

3.1. Diversity of Pigmented Actinobacteria
 The five actinobacterial isolates used in this 
research work came from various habitats. HVA and 
HVB isolates were isolated from mangrove soil, HRA 
was from forest red soil in IPB university area, AGM 
2.2 and AGM 2.3 were endophytes actinobacterial 
isolated from mangosteen peel.
 Selected actinobacteria grow well in all media 
HRA, HVA, AGM 2.2 and AGM 2.3 isolates had dry 
colonies, aerial mycelium with a chalky texture, 
powdery and white to grey (Figure 1). Pigmentation 
of the mycelial substrate of actinobacterial isolates 
showed that the color of HRA isolates was dark 
yellow, HVA was bright yellow, HVB was orange, 
AGM 2.2 and AGM 2.3 were pale creams (Figure 2).
 Based on microscopic observations, the HVB 
isolate rarely produce spores, while the other 4 
actinobacterial isolates produced more spores. 
HVA, AGM 2.2 and AGM 2.3 isolates had spiral spore 
chains, while HRA isolates had straight to flexuous 
(rectiflexibiles) spore chain (Figure 3).

Figure 1. Pigmented actinobacteria morphology colonies in various media (top to bottom): ISP 2, ISP3, ISP4 and YSA. (A) 
HRA, (B) HVA, (C) HVB, (D) AGM2.2, (E) AGM2.3

ISP 2

ISP 3

ISP 4

YSA
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Figure 2. Pigmentation of actinobacterial substrate mycelium aged 14 days on ISP 2 media: (A) HRA, (B) HVA, (C) HVB, (D) 
AGM 2.2, (E) AGM 2.3

A B

D

C

E

Figure 3. Spore chains and actinobacterial cell shape aged 14 days on ISP 2 media: (A) HRA, (B) HVA, (C) HVB, (D) AGM 
2.2, (E) AGM 2.3
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3.2. Molecular Identity Based on 16S rRNA 
Gene
 The PCR products of the three isolates were 
detected as DNA fragments of 1,080 bp using 1% 
agarose gel electrophoresis (Figure 4).
 BLAST analysis on the 16S rRNA gene of 
pigmented actinobacteria, as shown in Table 1, 
shows that the HRA isolate had a 99.91% similarity 
value to Streptomyces gramineus JR-43. The HVA 
isolate had 99.22% similarities value to S. tendae 
ATCC 19812. The HVB isolate had 81.18% similarities 
value to Rhodococcus ruber DSM 43338. While, 2 
other isolates, i.e. AGM2.2 and AGM2.3 have been 
previously identified and show  similarities to S. 

xanthophaeus NRRL B-5414 with similarity values of 
98.95% and 99.82%, respectively. Bacteria Lactobacillus 
plantarum C88 have been incorporated as outgroups 
in phylogenetic reconstruction (Figure 5). The bar at 
the bottom of the Figure 5 provides a scale for the 
phylogenetic tree. In this case the line segment with 
the number 0.07 shows the length of branch that 
represents an amount genetic change of 0.07. On a 
phylogenetic tree, nodes represent the most recent 
common ancestor between two taxa. The numbers 
next to each node represent a measure of support for 
the node. These are given as percentages, where 100 
represents maximal support.

 
 

10,000 bp

1,500 bp

1,000 bp
± 1,080 bp

750 bp

500 bp

250 bp

Figure 4. Results of PCR amplification (±1,080 bp) using actinobacteria specific primers 27F and 16Sact1114R, 1 kb marker, 
wells 1-3, namely HRA, HVA, HVB
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3.3. Characterization of Crude Extract Pigment 
Actinobacteria
 The UV-Vis spectrum of actinobacterial pigment 
crude extract was compared to the UV-Vis spectrum of 
the β-carotene standard. The maximum wavelength 
of β-carotene is 450 nm, while at crude pigment 
extract of HRA isolates was 411 nm; HVA isolates was 
663 nm; HVB isolates 459 nm; AGM 2.2 isolate was 
663 nm; and AGM 2.3 isolate was 664 nm (Figure 6).

3.4. Antioxidant Activity of Crude Extract 
Pigment of Actinobacteria
 The activity of antioxidants was expressed in 
Inhibitory Concentration (IC50) value. HVB isolate 
pigment extract had the highest antioxidant activity 
compared to the other isolate, but not as good as the 
ascorbic acid as a positive control (Table 2).

3.5. Crude Extract Pigment Characteristics
 The HVB isolate pigment extract which had the 
highest antioxidant activity was further identified 

to determine the content of bioactive compounds 
contained in the pigment extract. LCMS analysis of 
the HVB isolate pigment extract is shown in Figure 7.
 Based on LC-MS chromatogram of crude 
pigment extract of HVB isolate, there were 
3-hydroxyhexadecanoic acid (peak 10.15), luteolin 
(peak 11.12), and n-desmethylclozapine (peak 
12.02) detected. Based on the literature, all three 
compounds have antioxidant activity. Luteolin was 
the most dominant compound found in the pigment 
extract of HVB isolates. The characteristics of the 
major compound obtained from LC-MS analysis is 
shown in Table 3.

Table 1. BLAST analysis on 16S rRNA gene of pigmented actinobacteria

Code Accession number Strain Similarity (%)Species
HRA
HVA
HVB

NR_109017.1
NR_025871.2
NR_026185.1

JR-43
ATCC 19812
DSM 43338

99.91
99.22
81.18

Streptomyces gramineus
Streptomyces tendae
Rhodococcus ruber

 
 

Figure 5. Phylogenetic tree of pigmented actinobacteria on 16S rRNA gene

Table 2. IC50 value of actinobacterial pigment crude extract

Code IC50 (µg/ml)
HRA
HVA
HVB
AGM 2.2
AGM 2.3
Ascorbic acid

141.31±4.23c

54.72±1.76b

53.38±2.15b

184.38±5.13e

168.52±7.29d

5.62±0.16a
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Figure 6. UV-Vis spectrum of actinobacterial pigment extract at a wavelength of 200-800 nm: (A) HRA, (B) HVA, (C) HVB, 
(D) AGM 2.2, (E) AGM 2.3, (F) β-carotene
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4. Discussion

 Most of the actinobacteria colonies belonged 
to the genus of Streptomyces. Streptomyces 
characteristics rough surface colony, powdery 
textured, lumpy and granular, white or gray in 
color, and able to produce various kinds of pigments 
(Gebreyohannes et al. 2013). The difference in 
aerial mycelium and substrate mycelium colour is 
affected by the characteristics of species, source 
of carbon and nitrogen in the growth medium (Li 
et al. 2016). Streptomyces has a tiny spore and is 
composed of three types of spore chains, straight to 
flexuous (rectiflexibiles), open loop (Relinaculam-
Apertum), and open or closed spiral (Spira) (Barka 
et al. 2016). HVA, AGM 2.2, and AGM 2.3 isolates 
had spiral spore chain types, while HRA isolates had 
rectiflexibiles spore chain types. HVB isolates have 
the characteristics of rod-shaped cells and reddish-
orange color. Bacteria of the genus Rhodococcus 
have various colony surface characteristics, such as 
rough, smooth, and mucoid, and have various colony 
pigmentations, yellow, pink, salmon, orange, or red, 
and some variants are colourless (Bell et al. 1998; 
Yamshchikov et al. 2010).

 Further identification using a molecular approach 
was conducted by 16S rRNA gene. Based on BLAST 
analysis, HRA, HVA, AGM 2.2, and AGM 2.3 isolates 
showed a closed relationship to Streptomyces, while 
the HVB isolate was closed to Rhodococcus. The 
phylogenetic tree results showed that HRA isolates 
had similarities with S. gramineus and HVA had 
similarities with S. tendae. While HVB isolates had 
low similarities with R. ruber, which may be further 
studied for its novelty. According to Larasati et al. 
(2020) AGM2.3 and AGM 2.3 isolates were in the same 
group and were closely related to S. xanthophaeus. As 
outgroup, L. plantarum C88 belong to gram-positive 
bacteria which has antioxidant activities (Zhang 
et al. 2013). Streptomyces is the largest genus in 
actinobacteria phylum and widely used in the health 
sector because it can produce various secondary 
metabolites. Streptomyces gramineus JR-43 has 
antibacterial activity against the pathogenic bacteria 
(Lee et al. 2012). Streptomyces tendae can produce 
ferulic acid (Ferreira et al. 2007). The antioxidant 
action mechanism of ferulic acid is complex, mainly 
based on inhibiting the formation of reactive oxygen 
species (ROS) and neutralize free radicals (Zduńska et 
al. 2018). Streptomyces xantophaeus has antioxidant 
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Figure 7. LC-MS chromatogram of crude pigment extract of HVB isolates

Table 3 Major compounds found in HVB isolate crude pigment extract by LC-MS analysis
Compound Formula Retention time (min) Biological activity (reference)Molecular weight (g/mol)
Luteolin
Hydroxyhexadecanoic acid
N-Desmethylclozapine

C15H10O6
C16H32O3
C17H17CIN4

11.12
10.15
12.02

Antioxidant (Lin et al. 2008)
Antioxidant (Lim et al. 2023)
Antioxidant (Caruso et al. 

2020) and Antipsychotics 
(Natesan et al. 2006)

286.24
272.42
312.80
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53.38 µg/ml.  The HVB isolate was closed relationship 
to Rhodococcus. Carotenoids in Rhodococcus cells 
are thought to have an antioxidant role (Zheng 
et al. 2013). Other studies from Madhukar (2021) 
reported that the carotenoids found in the pigment 
extract of R. kroppenstedtii isolates have antioxidant 
activity 67.0±0.2 mg AA/g. Based on the results of 
statistical analysis, the average IC50 value of the five 
actinobacterial pigment extracts showed a significant 
difference (P<0.05) to ascorbic acid.
 The chemical profile of crude extract pigment of 
HVB identified by LC-MS. Based on the result, the 
crude extract pigment of HVB was rich in luteolin 
(C15H10O6). Luteolin is a secondary metabolite that 
belongs to the group of flavonoids with diverse 
biological activities, such as antioxidant, anticancer 
(Lin et al. 2008; Kang et al. 2017). According to Lin 
et al. (2008) multiple mechanisms may underlie 
luteolin’s antioxidant effect including by ROS 
scavenger through its oxidation, inhibits ROS-
generating oxidase, exerting its antioxidant effect by 
protecting or enhancing endogenous antioxidants, 
inhibiting the enzymes that catalyse oxidation of 
the cellular components and therefore inhibit lipo-
oxygenase reaction.
 In conclusion, the crude pigment extract from 
the five isolates has antioxidant activity, and HVB 
isolates produce the highest activity. The antioxidant 
activity of HVB isolates may be due to the presence 
of luteolin as its major compound of crude extract 
pigment.
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