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Antibacterial efficacy of herbal extracts against multi-drug-resistant pathogens   causing  white faeces syndrome in white leg shrimp (Litopenaeus vannamei) in Haryana
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1. ABSTRACT 
Vannamei shrimp (Litopenaeus vannamei) is most demanding animal food. It is facing a tremendous loss due to bacterial diseases. The study aimed to determine the antibacterial activity, minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of plant extracts from indigenous herbal plants associated with white faeces syndrome (WFS). Globally, WFS is a gastrointestinal ailment affecting penaeid shrimp, resulting in significant losses in both productivity and revenue. Multi-drug-resistant (MDR) pathogen-driven bacterial infections pose a concern for the aquaculture of Vannamei shrimp (Litopenaeus vannamei). In this study, ten bacterial pathogens were isolated and identified from shrimp farms in Haryana, India. The antibiotic resistance was also investigated against twenty antibiotics, and the antibacterial activities of Curcuma longa, Phyllanthus amarus, and Tinospora cordifolia were evaluated. The isolates reported MDR and were identified as Shewanella algae and as Vibrio panuliri strains using 16S rRNA ribotyping. Resazurin-based turbidimetric assays demonstrated strong antibacterial activity, with MBCs of 0.80–12.88 𝜇g/ml and minimum inhibitory concentrations (MICs) of 0.39 –12.75 𝜇g/ml, making them an environmentally friendly substitute for antibiotics. These results demonstrate the critical need for innovative approaches to fight MDR infections and emphasize the potential of herbal extracts as long-term disease control measures in prawn aquaculture.
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3. INTRODUCTION
The global economic and political stability strongly depends on access to nutritious, affordable and safe food for the rapidly growing populations. Besides other food-producing sectors, capture and culture fisheries have played essential roles in global food and nutritional security. The aquaculture of vannamei shrimp (Litopenaeus vannamei) is necessary to the world's seafood production, promoting both food and economic security. In India, shrimp is also the primary aquaculture commodity. In the year 2019-20, frozen shrimp was the most significant contributor to India's total fisheries export earnings of Rs. 46,662.85 crore, both in terms of quantity (51%) and trade value (73%) (Handbook of Fisheries Statistics 2020). In 2021, shrimp production was 400,000 tonnes, while in 2022, it was estimated to be only 340,000 tonnes (Anonymous 2022). 
It has been estimated that microbial infections cost the global aquaculture industry more than US$ 6.0 billion annually due to economic losses (Mishra et al. 2018). Major pathogens of fishes are viruses, fungi, parasites, molds, and bacteria, where bacterial pathogens constitute one of the major etiological agents of infectious diseases adversely affecting aquaculture fisheries and leading to huge economic losses (Meyer 1991; Dahiya et al., 2009; Dahiya et al., 2012). The bacterial pathogens which are considered to be the most important in aquaculture disease management are Aeromonas spp., Edwardsiella spp., Flavobacterium spp., Lactococcus spp.,Pseudomonas spp., Streptococcus spp., and Vibrio spp. (Nokhwal et al., 2022).
Bacterial infections, on the other hand, result in significant financial losses due to lower yields and higher management expenses (Lightner 2012). Many pathogens found in shrimp farms, such as Vibrio and Shewanella species, are multidrug-resistant (MDR), rendering traditional antibiotics less effective (Rebouças et al., 2011; Mohammed et al., 2025). 

[bookmark: _GoBack]Novel treatment approaches are required due to the emergence of MDR. Herbal remedies lack the side effects commonly associated with synthetic drugs and exhibit significant therapeutic potential in treating various infectious diseases in shrimps (Aminzare et al., 2015). Curcuma longa (Turmeric), Phyllanthus amarus (Bhui amla), and Tinospora cordifolia (Giloy) herbal extracts have shown promise as antibacterial agents due to their effectiveness, limited potential for resistance, and environmental friendliness (Huang, 2020). The need for new antimicrobial agents is critical. However, it is suspected that new families of antimicrobial agents will have a limited life expectancy (Marasini et al., 2015). Plants contain various secondary metabolites, including alkaloids, tannins, flavonoids, and phenolic compounds, which possess antimicrobial properties (Djeussi et al., 2013). This is an environmentally friendly method for reducing the growth of pathogenic bacteria.
Conducted at the College of Fisheries Science and Department of Zoology, CCS Haryana Agricultural University, Hisar, this study aims to isolate and characterize bacterial pathogens from Vannamei shrimp farms in Haryana, India, assess their antibiotic resistance profiles, and evaluate the antibacterial efficacy of these herbal extracts as sustainable tools for disease management.

4. [bookmark: _Hlk199855566]MATERIALS AND METHODS
4.1 SURVEY SITES
[bookmark: _Hlk199785825]Shrimp farms were visited in the Hisar district. Samples were taken from the following locations: Mirka, Landhari, Bagla, Panihari, and Gandhinagar locations near Hisar District (Haryana)
4.2 SAMPLE COLLECTION
The water samples and lesion swabs from diseased shrimp were collected from shrimp farms in Mirkan, Landhari, Gandhinagar, Panihari, and Bagla villages, Hisar, Haryana. Samples were stored in sterile glass tubes at 4°C and transported to the laboratory for immediate processing.

4.3 Bacterial Isolation and Identification
Bacterial isolation is performed using the serial dilution technique. Thiosulfate-Citrate-Bile Salts-Sucrose (TCBS) agar was used to cultivate the isolates for 24 to 48 hours at 30°C. The morphological, biochemical, and molecular characterisations were used to identify the isolated bacterium. The shape, edge, elevation, and colour of the colonies were noted. Gramme staining, oxidase, and catalase assays were among the primary biochemical tests; supplementary tests evaluated urease, citrate utilisation, motility, and indole production.
 The 16S rRNA gene was amplified by PCR for molecular identification, and the BLAST and SILVA databases were used to analyse the sequencing results. MEGA10™ software was used to establish phylogenetic links using the neighbour-joining approach (Ravikant et al., 2009).
4.4 [bookmark: _Hlk199855659][bookmark: _Hlk199855592]  Antibiotic Susceptibility Testing
4.4.1 Disc Diffusion Method      			
To test the susceptibility of the different isolates to various antibiotics, antimicrobial discs commercially available from Himedia were used. Twenty different antibiotics were examined, using the Antibiotic disc DE032-1 PKTM (HiMedia™ Mumbai, India). The inocula were prepared by growing the various bacterial species on separate agar plates and then transferring them with an inoculating loop into 3 mL of normal saline in a test tube. Then, the bacterial culture was spread on Nutrient Agar (NA) plates using a spreader. The antibiotic discs were applied to the surface of the inoculated agar, and the plates were incubated overnight at 37 °C ± 2 °C in a BOD incubator. The diameter of the zone of inhibition was observed and measured (Kirby and Bauer 1960).

4.4.2 Antibacterial Activity of Herbal Extract
Ethanol extracts of C. longa, P. amarus, and T. cordifolia were prepared from dried plant material. Antibacterial activity was assessed via resazurin-based turbidimetric assays in 96-well microtiter plates, with extract concentrations ranging from C1:2 to C1:1024. Plates were incubated at 30°C for 24 hours, with colour changes from purple to pink indicating bacterial growth and activity. The Minimum Inhibitory Concenteration (MIC) and Minimum Bactericidal Concenteration (MBC) concentration of herbal extracts were tested and calculated (Veiga et al., 2019). 

5 [bookmark: _Hlk199855695]Results and discussion 
5.1 Bacterial Isolation and Identification
Ten bacterial isolates were characterised and identified as Shewanella algae strains and Vibrio panuliri strains. All were Gram-negative, rod-shaped, facultatively anaerobic bacteria that grew on TCBS agar. Shewanella colonies were round, irregular, convex, and green, while Vibrio colonies were round, circular, slightly raised, and yellowish. Biochemical tests showed all isolates were oxidase-positive, motile, and citrate-positive, with all catalase-positive. Indole tests were positive for Vibrio but negative for Shewanella (Tables 1 and 2).
5.2 Molecular Identification
 The identification of ten isolates using 16S rRNA was confirmed by PCR amplifying the 16S rRNA gene (Table 2). The bacterial isolates were identified using the Silva and BLAST databases (Table 2). According to BLAST, five isolates (1,2,7,9 and 10) were identified:  S. Algae strains, and five isolates (3,4,5,6 and 8) as V. panuliri strains. 16S rRNA sequencing confirmed identities with 93–100% query coverage and 78.62–85.40% sequence identity. Phylogenetic analysis was performed by the computer program MEGA10™. It shows the percentage nucleotide divergence and similarity of 16S rRNA for S. algae strains as an outgroup, while V. panuliri strains serve as a second outgroup. These results indicate that S. algae strain HAUAAHM7 and S. algae strain HAUAAHM10 are more closely related to S. algae strain HAUAAHM2 and S. algae strain HAUAAHM9 than to S. algae strain HAUAAHM1. In the second outgroup, V. panuliri strain HAUAAHM6 is closely related to V.panuliri strain HAUAAHM8 than to V. panuliri strain HAUAAHM4, and V.panuliri strain HAUAAHM5 is closely related to V. panuliri strain HAUAAHM3, respectively.
[bookmark: _Hlk199870733]
	Table 1:  Primary biochemical tests for bacterial isolates characterisation


	Sr.no
	Isolates
	Shape
	Margin
	Elevation
	Colour
	Gram Staining
	Shape
	Oxidase
	Catalase
	Urease test
	Citrate test
	Motility test
	Indole test

	1.
	1
	Round
	Irregular
	Convex
	Green
	-
	Rods
	+
	+
	-
	+
	Motile
	-

	2.
	2
	Round
	Irregular
	Convex
	Green
	-
	Rods
	+
	+
	-
	+
	Motile
	-

	3.
	3
	Round
	Circular
	Slightly Raised
	Yellowish
	-
	Straight Rods
	+
	+
	-
	+
	Motile
	+

	4.
	4
	Round
	Circular
	Slightly Raised
	Large yellow
	-
	Bent Rods
	+
	+
	-
	+
	Motile
	+

	5.
	5
	Round
	Circular
	Slightly Raised
	Yellow
	-
	Straight Rods
	+
	+
	-
	+
	Motile
	+

	6.
	6
	Round
	Circular
	Slightly Raised
	Yellow
	-
	Straight Rods
	+
	+
	-
	+
	Motile
	+

	7.
	7
	Round
	Irregular
	Convex
	Green
	-
	Rods
	+
	+
	-
	+
	Motile
	-

	8.
	8
	Round
	Circular
	Slightly Raised
	Large yellow
	-
	Rods
	+
	+
	-
	+
	Motile
	+

	9.
	9
	Round
	Irregular
	Convex
	Green
	-
	Rods
	+
	+
	-
	+
	Motile
	-

	10.
	10
	Round
	Irregular
	Convex
	Green
	-
	Rods
	+
	+
	-
	+
	Motile
	-





	Table 2: Molecular identification of bacterial isolates according to the Silva and NCBI databases


	Sr. No.
	NCBI Data Base

	
	Sample code
	Query coverage (%)
	Percentage identity (%)
	Species Identification

	1
	Shewanella algae HAUAAHM1
	96%
	79.67%
	Shewanella algae

	2
	Shewanella algae HAUAAHM2
	93%
	80.57%
	Shewanella algae

	3
	Vibrio panuliri HAUAAHM3
	100%
	85.40%
	Vibrio panuliri

	4
	Vibrio panuliri HAUAAHM4
	100%
	81.10%
	Vibrio panuliri

	5
	Vibrio panuliri HAUAAHM5
	100%
	81.45%
	Vibrio panuliri

	6
	Vibrio panuliri HAUAAHM6
	100%
	78.77%
	Vibrio panuliri

	7
	Shewanella algae HAUAAHM7
	99%
	80.56%
	Shewanella algae

	8
	Vibrio panuliri HAUAAHM8
	100%
	78.62%
	Vibrio panuliri

	9
	Shewanella algae HAUAAHM9
	93%
	80.84%
	Shewanella algae

	10
	Shewanella algae HAUAAHM10
	99%
	81.60%
	Shewanella algae




5.3 Antibiotic susceptibility 



All isolates exhibited MDR,  and depicted the multiple drug-resistant (MDR) profiles of eight bacterial isolates from brackish water and Vannamei, revealing significant antibiotic resistance across both Shewanella algae and V. panuliri strains. S. algae strains HAUAAHM1, HAUAAHM2, and HAUAAHM7 exhibit resistance to a wide range of antibiotics, including Vancomycin, Cephalothin, Novobiocin, Teicoplanin, Azithromycin, Linezolid, Oxacillin, Amoxicillin, Penicillin, Clindamycin, Tetracycline, Methicillin, and Augmentin. Notably, S. algae strain HAUAAHM7 is resistant to eight antibiotics, reflecting significant MDR traits (Table 3).





	Table 3:  Antibiotic disc diffusion test for bacterial isolates (zone of inhibition in mm)

	Isolate No. →

Antibiotics (conc.) ↓
	1
	2
	3
	4
	5
	6
	7
	8

	
	Shewanella algae strain HAUAAHM1
	Shewanella algae strain HAUAAHM2
	Vibrio panuliri strain HAUAAHM3
	Vibrio panuliri strain HAUAAHM4
	Vibrio panuliri strain HAUAAHM5
	Vibrio panuliri strain HAUAAHM6
	Shewanella algae strain HAUAAH M7
	Vibrio panuliri strain HAUAAHM8

	Oxacillin
(OX) 1mcg
	5
	-
	-
	-
	-
	-
	-
	-

	Amoxicillin (AMP) 10 mcg
	10
	-
	9
	8
	12
	-
	8
	5

	Clarithromycin (CLR) 15 mcg
	
9
	
11
	
7
	
8
	
10
	
-
	
8
	
-

	Gentamicin (GEN) 10mcg
	
17
	
16
	
-
	
-
	
-
	
8
	
16
	
14

	Augmentin (AMC) 30 mcg
	
16
	
-
	
8
	
6
	
5
	
-
	
-
	
-

	Vancomycin (VA) 30 mcg
	
-
	
-
	
-
	
8
	
7
	
-
	
6
	
10

	Cephalothin (CEP) 30 mcg
	
-
	
-
	
10
	
12
	
10
	
-
	
-
	
13

	Amikacin 
(AK) 30 mcg
	17
	15
	-
	-
	-
	14
	11
	14

	Novobiocin 
(NV) 5 mcg
	
-
	
-
	
11
	
14
	
11
	
-
	
-
	
15

	Erythromycin (E) 15 mcg
	
13
	
13
	
11
	
13
	
8
	
-
	
8
	
-

	Teicoplanin (TEI) 10 mcg
	
-
	
-
	
-
	
-
	
-
	
-
	
-
	
6

	Co-Trimoxazole (COT) 25 mcg
	
10
	
9
	
14
	
10
	
13
	
6
	
11
	
-

	Panicillin 
(P)10 units
	
15
	
-
	
14
	
7
	
6
	
8
	
13
	
5

	Azithromycin (AZM) 15 mcg
	
-
	
17
	
-
	
-
	
-
	
9
	
-
	
-

	Ofloxacin 
(OF) 5 mcg
	
19
	
12
	
-
	
15
	
16
	
16
	
18
	
10

	Methicillin
(MET)5 mcg
	
6
	
7
	
-
	
-
	
6
	
-
	
-
	
10

	Linezolid 
(LZ) 30 mcg
	-
	-
	14
	5
	7
	9
	6
	10

	Clindamycin
(CD) 2 mcg
	
10
	
-
	
12
	
10
	
13
	
-
	
8
	
12

	Tetracycline
(TE)30 mcg
	
9
	
9
	
-
	
14
	
15
	
15
	
-
	
14

	Chloramphenicol (C) 30 mcg
	
14
	
8
	
17
	
12
	
20
	
7
	
11
	
10




	[image: D:\Thesis\photos\zone of inhibition\Shushant\SV7.JPG]
	[image: D:\Thesis\photos\zone of inhibition\Shushant\SV8..jpeg]
	[image: C:\Users\DELL\Downloads\WhatsApp Image 2024-07-22 at 8.24.31 AM.jpeg]

	Plate1: Shewanella algae strain HAUAAHM7
	Plate2: Vibrio panuliri  strain HAUAAHM8
	Plate3: HIMEDIA antibiotic Discs



5.4 ANTIBACTERIAL ACTIVITY OF HERBAL EXTRACT
Microtitre plate-based antibacterial assay incorporating resazurin as an indicator was used to study the antimicrpbial activity of herbal extrats (Sarkar et al., 2007; Petiti et al., 2024) . Herbal extracts showed dose-dependent antibacterial activity. C. longa was most effective, with MICs of 0.39 𝜇g/ml (HAUAAHM8) and MBCs of 0.80 𝜇g/ml to 6.38 𝜇g/ml. Phyllanthus extract showed moderate activity, with MIC values ranging from 1.61–6.48 µg/ml, while Tinospora extract displayed a broader range (0.80–12.75 µg/ml), with the highest MIC against Shewanella algae strain HAUAAHM7.
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	Plate 4: Resazurin-based turbidimetric assay of Tinospora cordifolia extract against different strains of  S.species (A-D) and V. panuliri (E-H)
	Plate 5: Resazurin-based turbidimetric assay of Phylanthus extract against different strains of   S.species (A-D) and V. panuliri (E-H)
	Plate 6: Resazurin based turbidimetric assay of Curcuma longa extract against different strains of   S.species (A-D) and V. panuliri (E-H)




	Table 4:  MIC and MBC herbal extract against the isolated bacteria from vannamei shrimp

	Sr no.
	
Isolate No.
	MIC ( µg/ml)
	MBC (µg/ml)

	
	
	Phylanthus extract
	C. longa extract
	Giloy extract
	Phylanthus extract
	C. longa extract
	Giloy extract

	1
	Shewanella algae strain HAUAAHM1
	3.22
	0.39
	3.19
	6.44
	0.80
	6.31

	2
	Shewanella algae strain HAUAAHM2
	3.22
	0.39
	3.19
	6.44
	0.80
	6.31

	3
	Vibrio panuliri strain HAUAAHM3
	1.61
	1.58
	1.59
	3.22
	3.19
	3.19

	4
	Vibrio panuliri strain HAUAAHM4
	3.22
	1.58
	1.59
	6.22
	3.19
	3.19

	5
	Vibrio panuliri strain HAUAAHM5
	1.61
	0.39
	0.80
	3.22
	0.80
	1.58

	6
	Vibrio panuliri strain HAUAAHM6
	3.22
	0.39
	1.59
	6.44
	0.80
	3.19

	7
	Shewanella algae strain HAUAAHM7
	1.61
	0.79
	12.75
	3.22
	1.59
	6.31

	8
	Vibrio panuliri strain HAUAAHM8
	1.61
	3.16
	6.38
	3.22
	6.38
	12.63

	9
	Shewanella algae strain HAUAAHM9
	6.48
	0.39
	3.19
	12.88
	0.80
	6.31

	10
	Shewanella algae strain HAUAAHM10
	3.22
	0.39
	3.19
	6.44
	0.80
	6.31




The study isolated ten bacterial strains on TCBS agar, identifying five as Vibrio spp. and five as Shewanella spp. Vibrio isolates formed smooth, yellowish, circular colonies, while Shewanella isolates produced irregular, green colonies. Both genera were Gram-negative, motile, catalase- and oxidase-positive rods. These findings align with Tseng et al. (2018), who reported similar characteristics in Shewanella species. Studies conducted by Jammal, et al. (2017) found that Shewanella species, which are known to produce hemolysin and form biofilms, cause septicemia and muscle necrosis, while Vibrio species, including V. panuliri, drive vibriosis and white feces syndrome, leading to high shrimp mortality according to studies conducted by Lightner, (2012) 
The widespread MDR observed, particularly in V. panuliri HAUAAHM6 (resistant to 12 antibiotics) and S. algae HAUAAHM7 (resistant to eight), reflects plasmid-mediated resistance mechanisms, corroborating prior studies by Rebouças et al. (2011) and Hossain et al. (2012). This resistance underscores the need for alternative strategies and the declining efficacy of antibiotics.
Herbal extracts from C. longa, P. amarus, and T. cordifolia offer a viable solution. C. longa exhibited superior antibacterial activity, with MICs as low as 0.39 𝜇g/ml and MBCs as low as 0.80 𝜇g/ml with Phylanthus extract MICs of 1.61 𝜇g/ml. T. cordifolia, with MICs as low as 0.80 𝜇g/ml against Vibrio. The dose-dependent inhibition at C1:64 dilution suggests practical applicability, with C. longa's efficacy at low concentrations indicating cost-effectiveness. Vanichkul et al. (2010) reported similar results, where turmeric (C. longa) extract was added to shrimp feed as an immunoenhancer, resulting in resistance against the pathogenic V. harveyi. Unlike antibiotics, these extracts are less likely to induce resistance, thereby enhancing their sustainability (Phuong et al., 2019).
MDR pathogens threaten not only shrimp production but also human health through potential environmental or clinical transfer (Letchumanan et al., 2015, Suyamud et al., 2024). Herbal extracts provide a sustainable approach to disease management, mitigating the adverse effects of antibiotic overuse. Future research should prioritise field trials, formulation optimisation, and biosecurity integration to enhance shrimp farming resilience.
6  CONCLUSION
This study highlights the significant issue of antibiotic resistance by confirming the presence of V. panuliri and MDR S. algae in Vannamei shrimp farms. Extracts from C. longa, P. amarus, and T. cordifolia showed potent antibacterial activity; C. longa was particularly effective (MICs: 0.39–3.16 𝜇g/ml), making it a sustainable, environmentally benign substitute for antibiotics that lessened the adverse effects of MDR infections on the economy and environment. Sustainable aquaculture depends on incorporating these treatments into prawn production in addition to regular resistance testing. To provide scalable disease management options, further research should confirm in vivo efficacy, refine formulations, and investigate synergistic treatments, such as bacteriophages or probiotics, to enhance the effectiveness of these approaches.
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