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Isolation and Evaluation of Extracellular Enzyme Producing Endophytic Bacteria from Curcuma caesia. Roxb.
                                   
Abstract
Aims: The present study aimed to isolate, identify, and evaluate extracellular enzyme-producing bacterial endophytes from the rhizomes of Curcuma caesia Roxb. and assess their potential for biotechnological applications. Study Design: Experimental laboratory-based study. Place and Duration of Study: Department of Biotechnology, Dr. B.R. Ambedkar University, Etcherla, Andhra Pradesh, India, during June to May 2025. Methodology: Endophytic bacteria were isolated from surface-sterilized rhizomes of Curcuma caesia and identified by morphological, biochemical, and 16S rRNA gene sequence analyses. The isolates were screened for extracellular amylase, protease, Cellulase, and lipase production using standard qualitative plate assays. Enzyme activities were quantified using the dinitrosalicylic acid (DNS) assay for amylase and Cellulase, the Folin–Ciocalteu method for protease, and the olive oil emulsion titration assay for lipase. Results: Three bacterial endophytes were identified as Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens. Enterobacter hormaechei exhibited the highest amylase (85 µg/mL; 0.000047 U/mL) and protease (70 µg/mL; 0.000039 U/mL) activities. In contrast, Bacillus amyloliquefaciens showed the highest cellulase (65 µg/mL; 0.000036 U/mL) and lipase (9.67 U/mL) activities, while Bacillus flexus displayed moderate enzyme production. The variation in enzyme activity among the isolates demonstrated their diverse hydrolytic capabilities and functional roles in the degradation of starch, proteins, cellulose, and lipids. Conclusion: The bacterial endophytes associated with Curcuma caesia possess significant extracellular enzyme-producing potential. The superior amylase and protease activities of Enterobacter hormaechei and the enhanced Cellulase and lipase production by Bacillus amyloliquefaciens indicate their potential for agricultural, industrial, and biotechnological applications. Further studies on enzyme purification, optimization of production conditions, and large-scale production are recommended to explore their commercial potential.
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1. Introduction
Endophytic bacteria are microorganisms that colonize the internal tissues of healthy plants without causing disease and establish mutually beneficial relationships with their host plants. These microorganisms enhance plant growth through various mechanisms, including biological nitrogen fixation, phytohormone production, nutrient solubilization, synthesis of antimicrobial metabolites, and secretion of extracellular hydrolytic enzymes. Owing to these beneficial characteristics, endophytic bacteria have attracted considerable attention as valuable resources for sustainable agriculture, environmental management, and industrial biotechnology. Their ability to produce diverse bioactive metabolites and enzymes has led to increasing interest in exploring medicinal plants as reservoirs of novel endophytic microorganisms [1–3].Extracellular enzymes produced by endophytic bacteria, including amylases, cellulases, proteases, and lipases, play essential roles in plant–microbe interactions by facilitating nutrient acquisition, host tissue colonization, and degradation of complex organic substrates. These enzymes also possess significant industrial importance and are extensively employed in the food, pharmaceutical, detergent, textile, leather, paper, biofuel, and waste management industries due to their high catalytic efficiency and eco-friendly nature. Consequently, the isolation of novel enzyme-producing endophytes from medicinal plants has become an important area of microbiological and biotechnological research [2,4,5].
Curcuma caesia Roxb. (Black turmeric), a member of the family Zingiberaceae, is a medicinal herb widely distributed in South and Southeast Asia. The rhizomes of C. caesia have long been used in traditional medicine for the treatment of inflammation, respiratory disorders, wounds, skin diseases, and various other ailments. Phytochemical investigations have demonstrated that the plant is rich in sesquiterpenoids, flavonoids, phenolic compounds, essential oils, and other secondary metabolites responsible for its antioxidant, antimicrobial, anti-inflammatory, ant diabetic, and anticancer activities. The unique phytochemical composition of C. caesia also provides a favorable ecological niche for diverse endophytic microorganisms capable of producing valuable enzymes and bioactive metabolites [6,7].Recent studies have highlighted the diversity of endophytic microorganisms associated with species of the genus Curcuma and their ability to produce biologically active compounds with pharmaceutical and agricultural significance. Nevertheless, investigations specifically focusing on extracellular enzyme-producing bacterial endophytes from Curcuma caesia remain limited. Most published studies have primarily emphasized the phytochemical constituents and pharmacological activities of the host plant, whereas comparatively little attention has been given to the functional characterization of its bacterial endophytes and their enzyme-producing potential. This knowledge gap warrants further investigation to identify novel bacterial strains with promising biotechnological applications [3, 7, 8].
Therefore, the present study was undertaken to isolate endophytic bacteria from the rhizomes of Curcuma caesia Roxb. Characterize the isolates using morphological, biochemical, and molecular (16S rRNA gene) analyses, and evaluate their ability to produce extracellular hydrolytic enzymes, including amylase, protease, Cellulase, and lipase. The findings of this study provide valuable insights into the diversity and functional potential of Curcuma caesia-associated bacterial endophytes and their prospective applications in agriculture, industrial biotechnology, and enzyme-based bioprocesses.
2. Materials and Methods
2.1 Isolation of Endophytic Bacteria
Fresh rhizomes of Curcuma caesia were thoroughly washed under running tap water, treated with Tween 20 for 10 min, and rinsed with sterile distilled water. Surface sterilization was performed sequentially using 70% ethanol for 60 s, 1% sodium hypochlorite for 30 s, and 0.1% mercuric chloride for 30 s, followed by several rinses with sterile distilled water to remove residual sterilizing agents [9,10]. The sterilized rhizomes were aseptically cut into approximately 0.5 cm segments and placed on nutrient agar (NA) plates. The plates were incubated at 28 ± 2 °C for 24–48 h. Emerging bacterial colonies were subcultured to obtain pure endophytic bacterial isolates. The effectiveness of surface sterilization was confirmed by plating the final rinse water on nutrient agar and monitoring for the absence of microbial growth [10, 11].
2.2 Molecular Characterization of Bacterial Endophytes by 16S rRNA Gene Sequencing
Genomic DNA was extracted from the bacterial endophytic isolates (I1, I2, and I3) and its quality was assessed by 1.0% agarose gel electrophoresis. The 16S rRNA gene was amplified using universal bacterial primers as described by Lane [316]. PCR products (~1500 bp) were confirmed by agarose gel electrophoresis, purified, and subjected to bidirectional sequencing using the BigDye Terminator v3.1 Cycle Sequencing Kit on an ABI 3730xl DNA Analyzer. The obtained sequences were assembled into consensus sequences and analyzed using the BLAST program against the NCBI GenBank database to identify closely related bacterial taxa. Phylogenetic analysis was performed using the Maximum Likelihood method based on the Tamura–Nei model in MEGA version 11 to determine the taxonomic relationships of the isolates [12]
2.3 Screening and Quantification of Extracellular Enzyme Production
The bacterial endophytic isolates were screened for extracellular enzyme production, including amylase, protease, Cellulase, and lipase, using standard plate assay methods. Amylase activity was evaluated on starch agar plates, followed by flooding with 1% iodine solution, where the formation of a clear halo around the colonies indicated starch hydrolysis [13]. Protease production was assessed on skim milk agar plates, and the appearance of a clear zone around the colonies confirmed proteolytic activity [14]. Cellulase activity was determined on carboxymethyl cellulose (CMC) agar plates, which were stained with 1% Congo red and destained with ethanol; clear halos surrounding the colonies indicated cellulose degradation [15]. Lipase production was screened on olive oil-containing medium, where hydrolysis of the lipid substrate indicated lipolytic activity [16].
For quantitative enzyme assays, bacterial isolates were cultured in their respective production media and incubated at 37 °C under optimized conditions. The culture broths were filtered and centrifuged at 5000 rpm to obtain cell-free supernatants, which served as crude enzyme extracts. Amylase and Cellulase activities were determined using the 3,5-dinitrosalicylic acid (DNS) method, employing starch and carboxymethyl cellulose as substrates, respectively. Absorbance was measured at 525 nm for amylase and 540 nm for Cellulase, and enzyme activities were calculated from maltose and glucose standard curves, respectively. Protease activity was determined by the casein hydrolysis method using Folin–Ciocalteu reagent, with absorbance measured at 660 nm, and activity was expressed based on a tyrosine standard curve [14].
Lipase activity was determined using an olive oil emulsion substrate. The crude enzyme extract was immobilized in calcium alginate beads and incubated with the substrate at 37 °C for 30 min. The released free fatty acids were titrated against 0.05 N NaOH using phenolphthalein as the indicator. Lipase activity was calculated using the following equation:
Enzyme activity (U) = (V × N × 1000) / T
Where V is the volume of NaOH consumed (mL), N is the normality of NaOH, and T is the incubation time (min) [16].
3. Results
3.1 Isolation and Molecular Identification of Bacterial Endophytes
Three bacterial endophytes were successfully isolated from the rhizomes of Curcuma caesia. Based on morphological, biochemical, and 16S rRNA gene sequence analyses, the isolates were identified as Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens. These identified isolates were subsequently used for the evaluation of extracellular enzyme production.
3.2 Screening of Bacterial Endophytes for Production of extracellular enzymes including amylase, protease, Cellulase, and lipase
Table 1. The amylase activity of the bacterial endophytic isolates was evaluated using the dinitrosalicylic acid (DNS) assay. The development of orange-red coloration following the reaction with DNS reagent confirmed the release of reducing sugars during starch hydrolysis, indicating amylase production by the isolates (Figure 2). Differences in color intensity among the reaction mixtures suggested variations in amylase activity, which were subsequently quantified by measuring the absorbance at 540 nm.
Table 1: Amylase activity of bacterial endophytes was determined using the DNS assay, with glucose employed as the standard
	S.NO
	Std Glucose
	Vol of water
	Conc. of glucose
	DNS reagent
	O.D
	Net O.D

	1
	Blank 
	1
	-
	1
	0.15
	

	2
	0.2
	0.8
	20
	1
	0.30
	0.15

	3
	0.4
	0.6
	40
	1
	0.33

	0.18

	4
	0.6
	0.4
	60
	1
	0.37
	0.22

	5
	0.8
	0.2
	80
	1
	0.40
	0.25

	6
	1
	-
	100
	1
	0.45
	0.30

	Enterobacter hormaechei
	1
	-
	
	1
	0.31
	0.29

	B. flexus 
	1
	-
	
	1
	0.34
	0.27

	B. amyloliquefaciens
	1
	-
	
	1
	0.37
	0.22


Qualitative assessment of amylase activity in bacterial endophytic isolates using the dinitrosalicylic acid (DNS) assay. The variation in color intensity of the reaction mixtures indicates differences in amylase activity among the isolates.

Figure 1.The amylase activity of the bacterial endophytic isolates based on reducing sugar production following starch hydrolysis. All three isolates, Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens, exhibited amylolytic activity, confirming their ability to produce extracellular amylase. Variations in reducing sugar production among the isolates indicated differences in their starch-degrading potential and enzyme activity.
Figure 1: Standard Glucose graph and Amylase Activity of Bacterial Endophytes              
[image: ]
Amylase activity of endophytic bacterial isolates (Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens) determined by the DNS assay based on reducing sugar production following starch hydrolysis.
Table 2. The protease activity of the bacterial endophytic isolates determined using the Folin–Ciocalteu assay with tyrosine as the standard. All three isolates, Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens, exhibited extracellular protease activity, indicating their ability to hydrolyze casein. Differences in optical density values among the isolates reflected variations in protease production, demonstrating their proteolytic potential and possible role in nutrient cycling and plant–microbe interactions.
Table 2: Protease activity of Bacterial endophytes by alkaline copper sulphate, Folin–Ciocalteu (FC) reagent assay
	S.NO
	Std Tyrosine
	Vol of Water
	Cons of Tyrosine
	Vol of (A+B)
	Vol of F.C reagent
	O.D
660 nm
	Net O.D660nm

	Blank 
	-
	1
	-
	5
	1.5
	0.06
	

	1
	0.2
	0.8
	20
	5
	1.5
	0.15
	0.09

	2
	0.4
	0.6
	40
	5
	1.5
	0.18
	0.12

	3
	0.6
	0.4
	60
	5
	1.5
	0.24
	0.18

	4
	0.8
	0.2
	80
	5
	1.5
	0.28
	0.22

	5
	1
	-
	100
	5
	1.5
	0.32
	0.26

	Enterobacter hormaechei

	
	-
	
	5
	1.5
	0.27
	0.24

	Bacillus flexus

	
	-
	
	5
	1.5
	0.30
	0.19

	Bacillus amyloliquefaciens
	
	-
	
	5
	1.5
	0.32
	0.20


Quantitative estimation of extracellular protease activity of bacterial endophytic isolates using the Folin–Ciocalteu assay with tyrosine as the standard.
Figure 2.The comparative protease activity of the bacterial endophytic isolates based on the release of tyrosine during casein hydrolysis. Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens exhibited extracellular protease activity, with variations in tyrosine release indicating differences in their proteolytic potential.
Figure 2: Standard tyrosine graph of protease activity of bacterial endophytes
[image: ]
Comparative extracellular protease activity of Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens determined by the Folin–Ciocalteu assay based on tyrosine release during casein hydrolysis.

Table 3. The Cellulase activity of the bacterial endophytic isolates was determined using the DNS assay with glucose as the standard. All three isolates, Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens, exhibited extracellular Cellulase activity, indicating their ability to hydrolyze cellulose. Variations in optical density values among the isolates reflected differences in Cellulase production, demonstrating their cellulolytic potential and possible role in cellulose degradation, nutrient cycling, and plant–microbe interactions.
Table 3: Cellulase activity of bacterial endophytes was determined using the DNS assay, with glucose employed as the standard
	S.NO
	Std Glucose ml
	Volume of 
water ml
	Conc. 
of glucose
	DNS reagent ml
	O.D
	Net O.D

	Blank 
	Blank 
	1
	-
	1
	0.06
	

	0.2
	0.2
	0.8
	20
	1
	0.18
	0.12

	0.4
	0.4
	0.6
	40
	1
	0.28

	0.22

	0.6
	0.6
	0.4
	60
	1
	0.38
	0.32

	0.8
	0.8
	0.2
	80
	1
	0.40
	0.34

	1
	1
	-
	100
	1
	0.48
	0.42

	Enterobacter hormaechei 
	1
	-
	
	1
	0.14
	0.08

	B. flexus 
	1
	-
	
	1
	0.19
	0.13

	B. amyloliquefaciens
	1
	-
	
	
	0.18
	0.12


Quantitative estimation of extracellular Cellulase activity of Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens determined by the DNS assay using glucose as the standard.

Figure 3.The cellulolytic potential of different bacterial isolates based on the release of reducing sugars during cellulose hydrolysis. The variation in Cellulase activity among Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens indicates differences in their extracellular enzyme production capability. The observed differences in activity reflect the ability of bacterial endophytes to degrade cellulose and contribute to nutrient mobilization during plant–microbe interactions.
Figure 3: Standard graph of Cellulase activity of bacterial endophytes
[image: ]
Comparative extracellular Cellulase activity of Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens determined by the DNS assay based on reducing sugar production during cellulose hydrolysis.

Figure 4.Qualitative assessment of extracellular lipase activity in Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens using an olive oil emulsion substrate. Differences in the reaction mixtures indicate variations in lipolytic activity among the bacterial endophytic isolates.
Figure 4: Lipase activity of bacterial endophytes by titration method
[image: ]
Qualitative determination of extracellular lipase activity in bacterial endophytic isolates using the olive oil emulsion titration assay.

Figure 5.The comparative lipase activity of the bacterial endophytic isolates. Bacillus amyloliquefaciens exhibited the highest lipase activity, followed by Bacillus flexus and Enterobacter hormaechei. The differences in enzyme activity among the isolates indicate variation in their extracellular lipase-producing potential, highlighting B. amyloliquefaciens as the most efficient lipase producer.
Figure 5: Lipase Immobilization: Titration Volume and Enzyme Activity of Bacterial Isolates
[image: C:\Users\mypc\Downloads\Code_Generated_Image (4).png]
  Comparative lipase activity of bacterial endophytic isolates expressed as enzyme activity (U).
5. Discussion
The present study demonstrated that the endophytic bacterial isolates Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens obtained from Curcuma caesia possess the ability to produce extracellular hydrolytic enzymes, including amylase, protease, cellulase, and lipase. The production of these enzymes indicates the metabolic versatility of the isolates and their potential role in host colonization, nutrient acquisition, and plant growth promotion. Similar observations have been reported for endophytic bacteria associated with medicinal plants, where members of the genus Bacillus are recognized as efficient producers of industrially important hydrolytic enzymes due to their high enzymatic activity and environmental adaptability [1,2].Among the isolates, Bacillus amyloliquefaciens exhibited the highest enzyme activity for all four enzymes evaluated, followed by Bacillus flexus, whereas Enterobacter hormaechei showed comparatively lower activity. The superior enzyme-producing ability of B. amyloliquefaciens is consistent with previous reports describing this species as an efficient producer of extracellular enzymes involved in starch, protein, cellulose, and lipid degradation [3,4]. These enzymes facilitate the degradation of complex organic substrates into simpler molecules, thereby enhancing nutrient availability and contributing to plant–microbe interactions. The extracellular enzymes produced by the bacterial endophytes have considerable biotechnological significance. Amylases are widely used in the food, fermentation, textile, and detergent industries, whereas proteases constitute one of the largest groups of commercially exploited enzymes for pharmaceutical, leather, and detergent applications. Cellulases are extensively employed in biomass conversion, paper manufacturing, and biofuel production, while lipases are important biocatalysts in biodiesel production, food processing, and organic synthesis [15]. The ability of the isolates to produce multiple hydrolytic enzymes highlights their potential for industrial and agricultural applications. Overall, the findings indicate that endophytic bacteria associated with Curcuma caesia represent promising sources of extracellular enzymes with broad biotechnological potential. Further studies involving enzyme purification, molecular characterization, optimization of production conditions, and large-scale fermentation are required to evaluate their commercial applicability and industrial performance.
Conclusion
The present study demonstrated that endophytic bacteria isolated from the rhizomes of Curcuma caesia possess significant extracellular enzyme-producing potential. The identified isolates, Enterobacter hormaechei, Bacillus flexus, and Bacillus amyloliquefaciens, produced amylase, protease, cellulase, and lipase, although the level of enzyme activity varied among the species. Enterobacter hormaechei exhibited comparatively higher amylase and protease activities, whereas Bacillus amyloliquefaciens showed superior cellulase and lipase production. These findings highlight the functional diversity of Curcuma caesia-associated bacterial endophytes and their potential applications in agriculture, industrial biotechnology, and enzyme-based bioprocesses. Further studies on enzyme purification, optimization of production conditions, and large-scale production are warranted to explore their commercial and biotechnological potential.
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