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ABSTRACT 

 
Pectinase is used in a variety of industries, including fruit juice production, textile processing, papermaking, 

biodegumming, coffee and tea manufacturing, medicines, feed, and nutraceuticals. The demand for pectinase 
enzymes grows year after year. Industrial applications require high-activity enzymes that can increase considerable 
product yields while also improving based on needs and byproduct use. Indonesia's industry continues to rely on 
imported pectinase enzymes. Indonesia, on the other hand, possesses megabiodiversity, particularly marine 
microorganisms, which have the potential to provide new enzymes with high activity for industrial applications. This 
work aims to undertake bioprospecting of marine actinomycetes producing pectinase enzymes that have the capacity 
to hydrolyze pectin polymer, both from commercial and biomass sources. A total of 20 marine actinomycetes isolates 
from sediment, seawater, and sponges were bioprospected, and one isolate was selected with high pectinase activity 
(BLH 1.20), which was then used to characterize pH, temperature, hydrolysis analysis on pectin polymers, and isolate 
identification using 16s rRNA analysis. The selected isolate (BLH 1.20) performed best in a sodium phosphate buffer 
with a pH of 6.0 and a temperature of 30°C, achieving an activity of 5.4 U/mL. The 16S rRNA analysis revealed that the 
isolate is from the genus Streptomyces and the species Streptomyces sampsonii. 
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INTRODUCTION 
 

Indonesian marine ecosystems are home to a 
varied range of hitherto unknown microorganisms. 
Researchers are studying marine bacteria that can 
withstand extreme climatic conditions to collect and find 
new products, such as possible enzymes (Amador et 
al. 2003). Marine actinomycetes have been reported to 
play an important role in a variety of applications, 
particularly the production of secondary metabolites 
and commercial/industrial enzymes 
(Boovaragamoorthy et al. 2019). The vast majority of 
actinomycetes have been isolated from soil and 
compost. However, information on actinomycetes from 
saline settings is scarce. The search and discovery of 
new enzymes derived from actinomycetes has 
received a lot of attention recently due to the growing 

need for applications in a variety of industries, including 
the food industry. Streptomyces are particularly useful 
in a variety of industrial applications due to their 
capacity to produce a wide range of potential enzymes 
such as protease, amylase, lipase, pectinase, 
cellulase, xylanase, glutaminase, and asparaginase 
(Al-Dhabi et al. 2019, 2020). 

Our earlier search looked at marine Streptomyces 
from Indonesian water as prospective enzyme makers, 
including lipase (Agustriana et al. 2023), xylanase 
(Nadhifah et al. 2023), mannanase (Putri et al. 2024), 
and alginate lyase (Jimat et al. 2024). Pectinase has 
been shown to have potential in a variety of industrial 
applications, including food, animal feed, textiles, pulp 
and paper, and energy (Abdollahzadeh et al. 2020). 
Pectinolytic enzymes convert pectin-containing 
substrates into monomeric sugars and 
pectioligosaccharides. Continuing our previous 
research, the current study aims to bioprospect marine 
actinomycetes from Indonesian water with the goal of 
selecting and identifying the most promising pectinase 
producers among the collection of marine 
actinomycetes, particularly those with the potential to 
develop for biotechnology, industrial applications, and 
functional foods. This research adds to marine 
bioprospecting in Indonesia, particularly in 
biotechnology and industry. 
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METHODS 
 

Re-Culture of Marine Actinomycetes Isolates 
In this work, marine actinomycetes were isolated 

from sediments, saltwater, and sponges from the 
Lembeh Strait in North Sulawesi (Atikana et al. 2025). 
In this investigation, 20 marine actinomycetes were re-
cultivated from glycerol stock by streaking one loop 
needle of each isolate on the surface of marine ISP2 
agar media (1% malt extract, 0.4% yeast extract, 0.4% 
D-glucose, 3% Bacto agar, and 3% Marine ART SF-1). 
The isolates were then cultured at 28°C for four days. 
These four-day-old isolates were re-cultured in 10 mL 
of liquid ISP2 medium (1% malt extract, 0.4% yeast 
extract, 0.4% D-glucose, and 3% marine ART SF-1). 
This pre-culture phase was carried out over three days 
in a shaker incubator at 190 rpm and 28°C. 
 
Culture/Fermentation of Marine Actinomycetes  

The culture (fermentation) technique involved taking 
1 mL of the three-day-old pre-cultured isolates and 
placing them in each test tube containing 10 mL of 
liquid ISP2 culture media with 2.5% bagasse as a 
substrate. The test tube was then sealed and incubated 
in a shaker incubator at 190 rpm and 28°C for seven 
days. The supernatant was then harvested seven times 
by transferring 1.5 mL of culture results to 1.5 mL 
Eppendorf tubes. The culture results were centrifuged 
at 12,000 rpm at 4°C for 20 min. The supernatant was 
collected and transferred to a sterile 1.5 mL Eppendorf 
tube for further analysis at 4°C. 
 
Preparation of Double-Layered Pectin Agar Media 

Prior to pectinase screening, a double-layered 
pectin agar media was created in two steps: the bottom 
layer and the top layer. The lower layer contains 0.5% 
Bacto agar and 50 mM sodium phosphate buffer pH 
7.0, whereas the upper layer contains 1.7% soft agar, 
50 mM sodium phosphate buffer pH 7.0, and 0.5% 
apple pectin substrate. 
 
Preliminary Screening of Pectinase-Producing 
Actinomycetes 

To screen for pectinase producers among marine 
actinomycetes, 5 µL of supernatant was inoculated on 
double-layered pectin agar media and incubated for 3 
days at 37°C. This screening was performed using a 
previously described procedure (Rahmani et al. 2018). 
After incubation, the Lugol dye was applied, and a clear 
zone formed to demonstrate enzyme activity. The clear 
zone results were promptly photographed and 
documented. 

Re-culturing actinomycetes BLH 1−20 and 
producing pectinase. The preliminary screening selects 
the most likely pectinase manufacturers. The chosen 
isolate (BLH 1-20) was recultivated from glycerol stock 
using ISP2 agar media. This culture was incubated at 
28°C for four days. Prior to pectinase synthesis, the 

BLH 1-20 was precultured by transferring a single 
colony from the four-day-old culture to 50 mL of liquid 
ISP2 media. The fermentation took place in a shaker 
incubator with 190 rpm agitation at 28°C for three days. 
A total of 10 mL of preculture was mixed into 100 mL of 
liquid ISP2 culture media. The fermentation took place 
in a shaker incubator with 190 rpm agitation at 28 °C 
for four days. The supernatant was collected by 
centrifugation at 12,000 rpm and 4 °C for 15 min. 
 
Pectinase Activity of BLH 1–20 

The activity of pectinase was evaluated using a 
previously reported methodology. 250 µL of diluted 
enzyme was mixed with 250 µL of 0.5% pectin 
substrate in 50 mM sodium acetate buffer (pH 6.0). The 
enzyme reaction was carried out at 30°C for 15 min. To 
stop the reaction, add 750 µL of DNS solution to the 
enzyme mixture and heat it in a water bath at 99°C for 
10 min. The enzyme combination was then incubated 
in ice water for 10 min before being quantified using a 
spectrophotometer at 540 nm. 
 
Pectinase Characterization of BLH 1-20 

Characterization of pectinase comprises 
determining the optimal pH and temperature for BLH 1-
20. Enzyme activity was measured using previously 
reported techniques (Miller 1959; Rahmani et al. 2017). 
The pH optimum was determined using pH buffers 
ranging from 3.0 to 10.0, including pH buffers 3.0−5.0 
(50 mM citrate buffer), 4.0−6.0 (50 mM acetate buffer), 
6.0−8.0 (50 mM phosphate buffer), 7.0−9.0 (50 mM 
Tris-HCl buffer), and 8.0−9.0 (50 mM glycine-NaOH 
buffer). The temperature test range used, from 30 C to 
90°C, was conducted out at the optimal pH. 
 
Hydrolysis of Pectin Polysaccharides with 
Pectinase Derived from Isolate BLH 1-20 

Pectinase hydrolysis was performed on commercial 
substrates (orange and apple) and pectin biomass 
obtained from cocoa peel, sugarcane bagasse, and 
orange peel. The pectinase hydrolysis technique 
began by preparing a 1% substrate solution from each 
pectin substrate, up to 2.5 mL, which was then vortexed 
until evenly mixed. The substrate solution was 
combined with 7.5 mL of pectinase to create a reaction 
volume of 10 mL. The enzymatic hydrolysis procedure 
used a 1:3 ratio, and the reaction mixture was 
incubated at 30°C with 150 rpm agitation for 72 h. 
Hours 1, 4, 24, 68, and 72 were sampled serially with 
0.1 mL. Hour 0 was completed without the addition of 
enzymes or incubation on the substrate. The hydrolysis 
findings were inactivated at 90°C for 10 min before 
being centrifuged at 13,000 rpm at 4°C for 15 min. The 
liquid was taken for TLC analysis. 
 
Thin Layer Chromatography Analysis 

TLC is a qualitative study of a sample that detects 
components depending on their polarity. The pectin 
standards used in TLC testing were galacturonic acid 
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(D1), digalacturonic acid (D2), and trigalacturonic acid 
(D3). The TLC method used in this work follows a 
previously published procedure (Rahmani et al. 2017). 
5 µL of hydrolysis sample and 5 µL of standard solution 
(1000 ppm) were put to a silica plate, followed by TLC 
analysis to determine the product. The pattern on the 
silica plate shows the type of oligosaccharide 
generated by pectinase. 
 
Molecular Identification of Isolate BLH 1-20 

Actinomycetes BLH 1−20 were identified using 16S 
rRNA sequences, following the Hamada et al. (2015) 
technique. DNA was extracted using Promega's 
Wizard Genomic DNA Purification kit. The extracted 
DNA was used as a template for PCR with Emerald 
Amp GT PCR Master Mix and a total reaction volume 
of 100 µL. The primers used were: 9F 
(5'AGRGTTTGATCMTGGCTCAG3') and 1510R 
(5'TACGGYTACCTTGTTAYGACTT3'). The 
sequencing analysis was carried out with the 
cooperation of Apical Scientific Laboratory (Selangor, 
Malaysia), and PT Genetics Science (Tangerang, 
Banten, Indonesia). The sequences of the forward and 
reverse sequencing findings for the 16S rRNA gene 
were aligned with BioEdit software version 7.2.6. The 
identity of the BLH 1−20 isolate was validated using 
BLAST on the GeneBank/NCBI database, and the 
resulting nucleotide sequence is registered under 
accession number MT280078. 

MegaX version 10.2.5 (Kumar et al. 2018) was used 
to construct a phylogenetic tree by comparing the 
genomes of BLH 1−20 to multiple sequences from 
different typical strains for Streptomyces species, with 
Deferribacter thermophilus serving as the outgroup. 
Several representative strains in this investigation were 
chosen based on the list of prokaryotic names in one 
nomenclature (LPSN; http://www.bacterio.net, Parte 

2014). The phylogenetic tree was created using the 
Maximum Likelihood (ML) approach, 100 bootstraps, 
and the Tamura-Nei model (Nei and Kumar 2000; 
Guindon and Gascuel 2003; Tamura et al. 2004; Wiens 
et al. 2008; Yoshida and Nei 2016). Before creating the 
phylogenetic tree, the best phylogenetic model was 
chosen using MegaX's statistical analysis (Kumar et al. 
2018). 

 
 

RESULTS AND DISCUSSION 
 
Marine Actinomycetes from Indonesia are Potential 
Producers of Pectinase 

The National Research and Innovation Agency's 
Research Center for Applied Microbiology gathered 20 
marine actinomycete isolates to conduct 
bioprospecting for pectinase-producing bacteria. The 
screening method was carried out by staining iodine-
Lugol dye on double-layer pectin agar medium. In 
addition, a commercial pectin substrate derived from 
apple peel was used in the screening procedure.  

Pectin polysaccharides consist of D-galacturonic 
acid units linked by α-(1,4) linkages (Bharadwaj and 
Udupa 2019). After three days of incubation at 37°C, a 
brown tint will appear and can be stained using Lugol's 
iodine solution. The brown color is caused by a 
complex combination containing pectin 
polysaccharides from the substrate and Lugol's iodine. 
The pectin hydrolysis process in the crude extract 
inoculation region degrades the pectin into monomer 
units that are unable to form a color complex, resulting 
in a clear zone.  

This work demonstrated the value of diameter of the 
clear zone of 20 marine actinomycetes from Indonesia 
that have capacity to produce pectinase (Table 1). 

Table 1 Diameter of the clear zone of pectinase producing marine actinomycetes at three pH levels 

Isolates code Sources 
Diameter of the clear zone at pH levels (mm) 

pH 5.0 pH 6 pH 7 

BLH 1–1 Marine sediment 10.55 14.25 32.9 
BLH 1–3 Marine sediment 10.05 13.4 31 
BLH 1–3(1) Marine sediment 10.35 15.7 30.85 
BLH 1–5 Marine sediment 9.7 13.2 31.5 
BLH 1–11 Marine sediment 10.05 14.2 36.65 
BLH 1–7 Marine sediment 7.4 18.65 39.1 
BLH 1–12 Marine sediment 9.15 14.25 33.6 
BLH 1–20 Marine sediment 11.2 16.3 36.75 
BLH 3–7 Marine sediment 9.5 14.7 32.1 
BLH 3–8 Marine sediment 10.05 15.9 32.8 
BLH 3–16 Marine sediment 9.75 15.1 30.95 
BLH 3–25(2) Marine sediment 9.05 14.25 31.8 
BLH 5–26 Marine sediment 11.45 15.35 31.05 
BLH 5–31 Marine sediment 10 15.85 30.75 
BLH 5–36 Marine sediment 9.8 35.2 41.55 
BLH 9–3 Marine sediment 6.1 8.4 16.55 
BLH 12–1(K) Marine sediment 9.9 14.4 29.4 
BLB 8–1 Sea water – 5.15 11.6 
BLC 17–1 Sponge animal – 7 13.6 
BLC 17–3 Sponge animal – 8.55 13.15 
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Among all, isolate BLH 1-20 was the most promising 
producer, hence it was chosen for further investigation. 
This work validates prior research that found 
actinomycetes from the Lembeh Strait to be 
prospective enzyme producers (Agustriana et al. 2023, 
Nadhifah et al. 2023, Putri et al. 2024, Jimat et al. 
2024).  

. 
Characterization of Isolate BLH 1-20 

The best pH for isolate BLH 1-20 growth was 
obtained in media with acetic acid buffer pH 6.0, with 
an activity value of 5.14 U/mL (Figure 1A). The 
confirmation test identified the pectinase enzyme 
generated by BLH 1−20 as an acid pectinase. This 
finding is consistent with another study that found that 
the pectinase enzyme produced from the bacteria 
Klebsiella oxytoca af-Ga had an optimal pH of 6.0 
(Ganeshprasad et al. 2022). Furthermore, acid 
pectinase enzymes have been widely used in the food 
industry, particularly for clarifying fruit juice and 
creating wine. Hence, the enzyme developed in this 
work has additional applications in the food sector. 

The optimal temperature for isolated BLH 1−20 
growth was 30°C, with an activity value of 5.4 U/mL 
(Figure 1B). Similar findings were reported in a study of 

pectinase activity in Enterobacter sp. MF84, which was 
also optimal at 30°C (Abdollahzadeh et al. 2020). 
However, the pectinase activity of isolate BLH 1-20 
decreased at temperatures ranging from 40°C to 90°C 
(Figure 1B).  
 
Thin Layer Chromatography Analysis 

Oligosaccharide compounds arising from pectinase 
hydrolysis of pectin were determined on a variety of 
substrates including apple peel/biomass, oranges, 
chocolate, and sugarcane bagasse, as well as 
commercial pectin such as apple pectin (Sigma) and 
orange pectin (Sigma). The isolate BLH 1−20 degraded 
pectinase on both commercial and biomass pectin 
substrates (Figures 2 and 3). However, to provide the 
best conditions for pectin degradation, the pectin 
oligosaccharide products must be optimized using the 
BLH 1-20 isolate. A thick area in the standard range D2 
indicates degradation of commercial oranges after one 
hour. Spots D2 and D4 formed because of cocoa peel 
pectin biomass degradation after 1 and 4 h, 
respectively. While apple pectin degradation spot D2 
appeared at 4 and 24 h, sugarcane bagasse biomass 
developed spot D1 at 1 to 48 h (Figure 3). 

 

 
Figure 1 The optimum pH (A) and temperature (B) for pectinase activity from BLH Isolate 1–20. The optimal pH was 

determined using 0,5% pectin substrate at temperature 30⁰C while the optimal temperature was determined using 
0,5% pectin substrate in acetic acid at a pH of 6.0 

 
  

 
Figure 2 Thin layer chromatograms of pectinase hydrolysis results on various pectin polymers for 72 h: (A) commercial apple 

pectin, (B) commercial orange pectin, and (C) cocoa skin pectin biomass.  
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Molecular Identification Confirms Isolate BLH 1–20 
as Streptomyces sampsonii 

The Sanger sequencing of the 16S rRNA gene 
revealed that the isolate BLH 1–20 was 99.70% similar 
to Streptomyces sampsonii. The identification was also 
verified by the phylogenetic tree, which places BLH 1-
20 in the same branch as Streptomyces sampsonii 
(Figure 4). Previous research has shown that maritime 
Streptomyces from Indonesia have the potential to 
create essential enzymes (Agustriana et al. 2023, 
Nadhifah et al. 2023: Putri et al. 2024: Jimat et al. 
2024). 
 
 

CONCLUSION 
 

Marine actinomycetes found in Indonesian seas 
have the potential to manufacture pectinase. This study 
chose Streptomyces BLH 1-20 as the most promising 
enzyme producer since it demonstrated the highest 
pectinase activity. Characterization of BLH 1-20 
revealed that isolates grew well at a sodium phosphate 
buffer pH of 6.0 and a temperature of 30 °C, with an 
activity of 5.4 U/mL. To achieve properly degraded 
products, the reaction conditions in the pectinase 
hydrolysis process must be optimized using various 
pectin polysaccharides (commercial and biomass).  
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