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ORIGINAL RESEARCH

Abstract The Nile tilapia (Oreochromis niloticus) culture is particularly susceptible to disease outbreaks, 
particularly infection by Streptococcus agalactiae bacteria. This study aimed to determine the efficacy of 
extracts of common indigo (Indigofera tinctoria) in inhibiting S. agalactiae. A completely randomized design 
(CRD) was carried out using pellet feed sprayed with varying concentration levels of the indigo extract: 0%, 
0.1%, 0.5%, and 1%. The sample received the feed for eight weeks. The samples were analyzed to evaluate 
the effect of common indigo extract on growth performance, hematological parameters, biochemical 
parameters, and lysozyme activities. The results showed that the Nile tilapia fed pellet feed sprayed with 
0.5% concentrated indigo extract exhibited the highest inhibition of S. agalactiae. The hematology results 
showed statistically higher (P<0.05) total red blood cells, hemoglobin counts, and hematocrit in the sample 
fed the pellet feed sprayed with the indigo extract than those in the control group. The sample fed pellet 
sprayed with 0.5% concentrated indigo extract exhibited statistically higher (P<0.05) white blood cells 
and a higher percentage of lymphocytes than those in other groups. In terms of biochemistry in blood, the 
sample fed pellet feed sprayed with 1% concentrated indigo extract exhibited statistically higher aspartate 
aminotransferase (AST) than those in other groups. The sample fed pellet feed sprayed with 0.5% and 1% 
concentrated indigo extracts exhibited statistically higher alkaline phosphatase (ALP) and total protein than 
those in other groups. Immunity test in blood showed that the sample fed pellet feed sprayed with 0.5% 
concentrated indigo extract exhibited statistically higher lysozyme in serum than those in other groups. 
The sample that was fed pellet feed sprayed with 0.1% and 0.5% exhibited statistically higher (P<0.05) 
immunoglobulin M levels than those in other groups. Overall, this study showed that the indigo extract 
could inhibit S. agalactiae and increase immunity in Nile tilapia.
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Introduction

Nile tilapia (Oreochromis niloticus) is a freshwater fish that is widely cultured because of its pleasant flavor, 
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ease to raise, rapid growth, and ability to adapt well to any surrounding environment. (FAO 2018).  Now-
adays, the Nile tilapia culture has become highly populated and overfed. This has led to the accumulation 
of waste and the outbreak of bacterial diseases (Ding et al. 2021). Streptococcus agalactiae is a major 
pathogen, leading to the outbreak of diseases in Nile tilapia (Belton et al. 2009) and significant economic 
loss (Zhang et al. 2017).  After S. agalactiae bacteria have colonized and multiplied in fish, they can infect 
different parts of the fish either externally (skin, fins, gills) or in the gastrointestinal tissues. The bacteria can 
also invade internal tissues and the circulatory system, resulting in a septicemic state induced by bacterial 
toxins. S. agalactiae produces numerous virulence factors that evade the host immune system’s detection 
(Doan et al. 2022). Typically, fish farmers have prevented and treated diseases using antibiotics, causing the 
emergence of antibiotic residues in the environment (Rico et al. 2014). This fact has prompted researchers 
to investigate alternatives to the use of antibiotics. Many studies have applied local herbs as supplements 
for aquaculture, which has increased growth rate, immunity, and resistance to infectious diseases (Gabriel 
2019; Soltani et al. 2019). Utilizing natural herbs or herbal extracts to treat bacterial infections in aquatic 
animals is widely popular because they are inexpensive and environmentally friendly, without chemical 
residues. Besides, they can be adapted for other purposes as well (Jadhav et al. 2006; Ding et al. 2021). 
Some studies found that many herbs can be used to treat diseases in shrimp and fish (Doan et al. 2020; Ding 
et al. 2021).

Indigofera tinctoria L. (Fabaceae Family), a tropical shrub, is one of the natural sources of indigo dye. 
In northeastern Thailand, local people use I. tinctoria to make natural indigo dye. The traditional method 
is used to extract indigo dye from I. tinctoria leaves and trunks to produce pure indigo dye (Pattanaik et 
al. 2019). Due to storage and waste management restrictions, most producers discard a significant amount 
of the indigo waste that is generated during the process. I. tinctoria has been well-documented in both 
ancient Chinese and Indian pharmacopeia. It contains major chemical components such as total phenolics, 
flavonoids, and terpenoids (Srinivasan et al. 2015; Rahman et al. 2018). Indigo extract possesses antioxi-
dant (Anusuya and Manian 2013) and anti-inflammatory properties (Campos et al. 2018). The extract can 
interfere with parasite development (Singh et al. 2015) and inhibit bacterial infections (Vijayan et al. 2018). 
It can also enhance innate as well as adaptive immune responses (Boothapandi and Ramamibai 2016).

Utilizing extracts from indigo residues is one of the alternatives to antibiotics or chemical products 
for inhibiting bacterial infections in Nile tilapia and other aquatic animals. This research aims to study the 
effectiveness of crude extracts from common indigo (I. tinctoria) in inhibiting S. agalactiae in Nile tilapia 
as an alternative to antibiotics and chemical products. The results are expected to show that extracts from 
common indigo are effective in inhibiting S. agalactiae in Nile tilapia, and they are widely applied, which 
will not only reduce environmental impacts from and consumer exposure to antibiotics and chemical prod-
uct residues but also increase the economic value of indigo residues as well. 

Materials and methods

Ethical approval for animal use

This study was carried out in strict compliance with the recommendations for the use of animals regulated 
by the Institute of Animals for Scientific Purposes Development (IAD) of Thailand. In this research, fish 
handling and experimental protocols were approved by the ethics committee at Rajamangala University of 
Technology Isan, Thailand (Approval number: 21/2022).

Preparation of crude extracts from common indigo

Fresh indigo waste (from the dye extraction process) was collected from the indigo dye enterprise group 
in Phangkhon, Sakon Nakon, Thailand. Indigo waste was air dried and put in a hot air oven at 60ºC for 72 
h. The dry indigo waste was finely ground into powder and mixed with three solvents, including aqueous, 
50% ethanol, and 95% ethanol at an indigo-to-solvent ratio of 1:3, with three replications for each solvent. 
The samples were then soaked for seven days. The samples were subsequently filtered with filter paper and 
concentrated with a rotary evaporator. The crude extracts were kept at 4ºC.
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Calculation of the percentage yield of extracts

The following equation determined the extracts’ percentage yield:   
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Calculation of the percentage yield of extracts 
 
The following equation determined the extracts' percentage yield:        

𝑌𝑌ield (%dry basis or %db) = W1 × 100
W2  

Where W1 is the weight of the dried extracts and W2 is the weight of initial sample before extraction.

Chemical analysis of I. tinctoria extracts

Chemical composition analysis of I. tinctoria extracts was carried out using a Gas Chromatography 
Mass Spectrometry (GC-MS) technique, following the method described by Jemmali et al. (2016). 
To assess the antioxidant potential of I. tinctoria, different methods, including DPPH and ABTS assays, 
were employed. The 2,2-Diphenyl-1-picrylhydrazyl  (DPPH) free radical scavenging activity of I. 
tinctoria was measured by the method described by Singh et al. (2018), while ascorbic acid was used 
as a standard antioxidant compound. Antioxidant capacity was calculated using an equation described 
by Mensor et al. (2001) and measured in terms of half-maximal inhibitory concentration (IC50). The 
2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) scavenging activity of I. tinctoria was 
measured by the method described by Wang et al. (2017) and calculated using the following equation:
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of turbidity of the solution in the test tubes were observed and compared to the control group. MIC 
was first observed in the first test tube that gave a clear solution. The MBC for all other test tubes 
that gave a clear solution was calculated. Next, the bacteria were enumerated using a spread plate 
technique on TSA and incubated at 37ºC. After 24 hours, any concentrations that allowed the bacteria 
to grow on TSA were the concentrations that could not kill the bacteria but only inhibit it. The MBC 
was regarded as the lowest concentration of the extracts that inhibited bacterial growth on TSA.

Lethal concentration of indigo extracts required to kill 50% of Nile tilapia (LC50)

The Nile tilapia fries in size 5 cm were stocked in a glass tank with an aerator, and the fish were not 
fed 24 h before the experiment. The lethal concentration of the indigo extracts needed to kill 50% of 
Nile tilapia fries in 96 h (96-h LC50) was evaluated. The treatment was divided into five groups and a 
control group with three replications, each group with ten fries. The mortality rate was recorded every 
24 h until 96 h. Before the experiment began and at each 24-hour interval until 96 hours, the dead fish 
were removed and the water’s temperature, pH, dissolved oxygen, electric conductivity, and ammo-
nia level were recorded. The 96-h LC50 was calculated using these data with a computer program. 

Fish and experimental design

The Nile tilapia fries, with weighting 18.95±0.48 g, were stocked in a cement tank at the Division of 
Fisheries, Rajamangala University of Technology Isan, Sakon Nakhon Campus. The water was con-
tinuously aerated. Floating pelleted feed was provided twice a day, in the morning and evening, for 
seven days. The feed was coated with fish oil, sprayed with 500 mg/L indigo extract, and allowed to 
dry indoors before feeding. The indigo extract was extracted using a 95% ethanol solvent. 

In the experiment, 60 fries were put in a 300 L fiber tank filled with water that had been processed 
with chlorine. A Completely Randomized Design (CRD) was conducted by dividing the experiment 
into four treatments with three replications each. The details can be described as follows: the first 
experimental set was the control group, which used typical pellet feed. The second experimental set 
used pellet feed that was sprayed with 0.1% concentrated indigo extract. The third experimental set 
used pellet feed that was sprayed with 0.5% concentrated indigo extract. The last experimental set 
used pellet feed that was sprayed with 1.0% concentrated indigo extract. Fish were fed until satiation 
was reached twice a day, in the morning and evening (at 8.00 AM and 17.00 PM), for eight weeks. 
During the experiment, fish weights and survival rates were recorded every two weeks. For each ex-
periment, fresh pellet feed was prepared for every meal.  

Bacterial challenge study

After eight weeks, antimicrobial activity testing against S. agalactiae was conducted on the sample in 
all experimental groups (three replications). In each experimental set, ten fish were injected at their 
belly with 0.1 mL of 108 CFU.mL-1 concentrated S. agalactiae. The sample in the control group was 
divided into two subgroups. The sample in the first subgroup was injected with 0.85% normal saline 
(negative control) (Schaperclaus et al. 1992). The sample in the other subgroup was injected with 108 
CFU.mL-1 concentrated S. agalactiae (positive control). The mortality rate of the sample was record-
ed every day for 14 days. The relative percent survival (RPS) in each experimental group was calculated 
according to the method described by Amend (1981) using the following formula:
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Blood sample and serum biochemical analysis 
 
After eight weeks, the blood samples were collected from three fish per tank (nine fish per experimental group). 
Anesthesia was provided to the sample using 150 mg/L of concentrated MS-222 (Tricaine methanesulfonate). 
For each sample, 1 mL of blood was taken from the caudal vein using a 25G needle. The blood samples were 
divided into two parts. The first part was collected in heparinized syringes for the evaluation of hematological 
parameters. The second part involved a serum sample using syringes without anticoagulant, which was 
allowed to clot at 4ºC for 6 h and subsequently centrifuged at 5000 rpm for 15 min at 4ºC.  The serum 
samples were stored at -20ºC (Wangahat et al. 2022a) for serum biochemical analysis and lysozyme 
activities.   
Total red blood cell (RBC) and total white blood cell (WBC) counts were performed using a standard 
Neubauer hemocytometer chamber (Stoskopf 2015). Hemoglobin contents (Hb) (g/dL) were measured by 
blending blood samples with Drabkin’s reagent, and the absorbance of mixtures was measured at 540 nm 
wavelength on a spectrophotometer (Blaxhall and Daisley 1973). The hematocrit (Ht) was determined by 
filling hematocrit capillary tubes. Ht values were recorded using a centrifuge combo -reader (Wangahat et 
al. 2022a).  
Total protein in the blood (g/dL) was assessed using the Biuret-blank method (Zheng et al. 2017). An 
albumin blood test was performed using the Bromocresol Green Method (Moreira et al. 2018). Globulin 
(g/dL) was calculated as the difference between total protein and albumin. Colorimetric determination of 
alanine aminotransferase (ALT, U/L) and aspartate aminotransferase (AST, U/L) was applied (Bergmeyer 
et al. 1978). The alkaline phosphatase (ALP, U/L) test was done following the method of McComb et al. 
(1981). Serum lysozyme activity (U/mL) was measured as the ability to hydrolyze Gram-positive 
Micrococcus lysodeikticus bacteria, which was determined by the decrease in turbidity at 450 nm of 
Micrococcus lysodeikticus cells using a microplate reader (Zahran et al. 2018 ). Immunoglobulin M (IgM, 
g/dL) was analyzed following the method described by Siwicki and Anderson (1993).  
 
Growth performance and water quality analysis 

Blood sample and serum biochemical analysis

After eight weeks, the blood samples were collected from three fish per tank (nine fish per experimental 
group). Anesthesia was provided to the sample using 150 mg/L of concentrated MS-222 (Tricaine meth-
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anesulfonate). For each sample, 1 mL of blood was taken from the caudal vein using a 25G needle. The 
blood samples were divided into two parts. The first part was collected in heparinized syringes for the 
evaluation of hematological parameters. The second part involved a serum sample using syringes 
without anticoagulant, which was allowed to clot at 4ºC for 6 h and subsequently centrifuged at 5000 
rpm for 15 min at 4ºC.  The serum samples were stored at -20ºC (Wangahat et al. 2022a) for serum 
biochemical analysis and lysozyme activities.  

Total red blood cell (RBC) and total white blood cell (WBC) counts were performed using a 
standard Neubauer hemocytometer chamber (Stoskopf 2015). Hemoglobin contents (Hb) (g/dL) were 
measured by blending blood samples with Drabkin’s reagent, and the absorbance of mixtures was 
measured at 540 nm wavelength on a spectrophotometer (Blaxhall and Daisley 1973). The hematocrit 
(Ht) was determined by filling hematocrit capillary tubes. Ht values were recorded using a centrifuge 
combo-reader (Wangahat et al. 2022a). 

Total protein in the blood (g/dL) was assessed using the Biuret-blank method (Zheng et al. 2017). 
An albumin blood test was performed using the Bromocresol green method (Moreira et al. 2018). 
Globulin (g/dL) was calculated as the difference between total protein and albumin. Colorimetric 
determination of alanine aminotransferase (ALT, U/L) and aspartate aminotransferase (AST, U/L) 
was applied (Bergmeyer et al. 1978). The alkaline phosphatase (ALP, U/L) test was done following 
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hydrolyze Gram-positive Micrococcus lysodeikticus bacteria, which was determined by the decrease 
in turbidity at 450 nm of Micrococcus lysodeikticus cells using a microplate reader (Zahran et al. 
2018). Immunoglobulin M (IgM, g/dL) was analyzed following the method described by Siwicki and 
Anderson (1993).

Growth performance and water quality analysis

The total number, individual body length, and weight of fish from each tank were measured and used 
to calculate the survival rate and growth performance. Here is the list of calculations required (Bagenal 
1978):
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Multi Probe System (YSI 556, USA) every 15 days. The phenate method was used to determine ammonia 
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Results

Effect of extraction solvents on the yield of crude extracts

Different solvents used in the extraction process resulted in different physical appearances and per-
centages of yield extraction. Aqueous solvent generated blue-green a powder-like extract with a 
yield of 10.05±1.31%, while 50% ethanol solvent created a blue-green viscous extract with a yield of 
10.78±4.56%, and 95% ethanol solvent produced a bright blue-green and viscous extract with a yield 
of 4.31±0.78%. The study found that 95% ethanol produced less extract compared to other solvents. 
The results were statistically significant (P<0.05).

Chemical analysis of I. tinctoria extracts

GC-MS analysis of I. tinctoria extracts

The GC-MS analysis was used to detect phytochemical compounds in the extracts. The analysis re-
vealed that the aqueous extract contained cyclotrisiloxane, hexamethyl (17%); silanediol, dimeth-
yl (12.61%); cyclotetrasiloxane, octamethyl (10.99%); and dodecanoic acid, 1,2,3-propanetriyl ester 
(10.15%) (Table 1). The 50% ethanol extract contained cyclotrisiloxane, hexamethyl (32.01%); cy-
clotetrasiloxane, octamethyl (24.87%); silanediol, dimethyl (22.05%); and cyclopentasiloxane, deca-
methyl (8.70%) (Table 2). The 95% ethanol extract contained dodecanoic acid, 1,2,3-propanetriyl ester 
(Table 3). These vital compounds found in the indigo extracts exhibited antimicrobial, antibacterial, 
antioxidant, antifungal, and antiviral properties, which play a critical role in the scavenging of free 
radicals. 

Antioxidant activity of I. tinctoria extracts

The antioxidant activity test using the DPPH assay method revealed that the 95% ethanol extract 
yielded the best antioxidant activity. The differences were statistically significant when compared 
to the 50% ethanol and aqueous extracts (P<0.05) (Table 4). All the indigo extracts exhibited higher 
antioxidant activity than the IC50 of ascorbic acid (94.89±0.02 µg/mL) which was a standard antioxidant. 
Likewise, the antioxidant activity test using the ABTS assay method revealed that the 95% ethanol ex-
tract yielded the best antioxidant activity (Table 4).
Table 1 GC-MS analysis of aqueous extract of common indigo (I. tinctoria). 

Peak# R. Time Area% Name of the compound Biological activity References 
1 3.153 12.61 Silanediol, dimethyl Treatment of 

dermatological disorder, 
acne immunological 
disorder and viral 
infection 

Femi-Adepoju et al. 
(2018) 

2 3.651 17.69 Cyclotrisiloxane, hexamethyl Antimicrobial, 
antibacterial, antioxidant 
activity, play a critical 
role in scavenging of free 
radicals  

Keskin et al. (2012) 
Musini et al. (2013) 
(Prakash and Vuppu 
2014) 

3 5.370 1.81 Oxime-, methoxy-phenyl Antimicrobial, 
antioxidant 

Patil et al. (2012), 
Ozen and Tas (2009) 

4 6.443 10.99 Cyclotetrasiloxane, octamethyl Antifungal, antibacterial, 
antioxidant 

Rizwana et al. (2016) 

5 7.987 3.67 Cyclopentasiloxane, decamethyl Antimicrobial Keskin et al. (2012) 
12 26.186 10.15 Dodecanoic acid, 1,2,3-

propanetriyl ester 
Antioxidant, 
antimicrobial, 
antiviral, candidicide, 
antiarthritic, 
hepatoprotective  

Sujatha et al. (2020), 
Achi and Ohaeri 
(2015) 13 26.302 7.06 Dodecanoic acid, 1,2,3-

propanetriyl ester 

 

  

Table 1 GC-MS analysis of aqueous extract of common indigo (I. tinctoria)
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Total phenolic content and total flavonoid content

The total phenolic content and total flavonoid content of common indigo extract are illustrated in Table 5. 

 

Table 2 GC-MS analysis of 50% ethanol extract of common indigo (I. tinctoria). 

Peak# R. Time Area% Name of the compound Biological activity References 
1 3.213 22.05 Silanediol, dimethyl Treatment of 

dermatological disorder, 
acne immunological 
disorder and viral infection 

Femi-Adepoju et 
al. (2018) 

2 3.671 32.01 Cyclotrisiloxane, hexamethyl Antimicrobial, antibacterial, 
antioxidant activity, play a 
critical role in scavenging 
of free radicals  

Keskin et al. 
(2012) 
Musini et al. 
(2013) 
(Prakash and 
Vuppu 2014) 

3 5.414 4.03 Oxime-, methoxy-phenyl Antimicrobial, antioxidant Patil et al. (2012), 
Ozen and Tas 
(2009) 

4 6.442 24.87 Cyclotetrasiloxane, octamethyl Antifungal, antibacterial, 
antioxidant 

Rizwana et al. 
(2016) 

5 7.454 0.89 Cyclotrisiloxane, hexamethyl As mentioned,  
6 7.985 8.70 Cyclopentasiloxane, decamethyl Antimicrobial, antioxidant, 

antibacterial 
Ismail et al. 
(2020) 

7 8.581 0.65 Cyclotetrasiloxane, octamethyl As mentioned,  
8 9.084 2.46 Cyclohexasiloxane, dodecamethyl Antimicrobial, antioxidant, 

antibacterial 
Ismail et al. 
(2020) 

9 9.408 0.93 Cyclopentasiloxane, decamethyl As mentioned,  
10 9.920 0.87 Cycloheptasiloxane, tetradecamethyl Antifungal Moustafa et al. 

(2013) 
11 10.150 0.82 Cyclohexasiloxane, dodecamethyl As mentioned,  
12 10.619 0.40 Cyclooctasiloxane, hexadecamethyl Antimicrobial Keskin et al. 

(2012) 

 

  

 

Table 3 GC-MS analysis of 95% ethanol extract of common indigo (I. tinctoria). 

Peak# R. Time Area% Name of the compound   
1 10.562 0.29 Hexadecane Antimicrobial and antioxidant 

activity 
Yogeswari et al. (2012)  

2 12.020 0.65 Hexadecanoic acid, ethyl ester Antioxidant Tyagi and Agarwal (2016) 
3 12.644 0.61 Z,Z-8,10-Hexadecadien-1-ol No activity reported Banakar and Jayaraj (2018) 
4 38.540 1.20 Dodecanoic acid, 1,2,3-propanetriyl ester Antioxidant, antimicrobial, 

antiviral, candidicide, 
antiarthritic, hepatoprotective  

Sujatha et al. (2020), Achi and 
Ohaeri (2015) 5 38.660 2.98 Dodecanoic acid, 1,2,3-propanetriyl ester 

7 38.923 3.47 Dodecanoic acid, 1,2,3-propanetriyl ester 
8 39.020 8.63 Dodecanoic acid, 1,2,3-propanetriyl ester 
9 39.230 7.51 Dodecanoic acid, 1,2,3-propanetriyl ester 
10 39.381 15.79 Dodecanoic acid, 1,2,3-propanetriyl ester 

 

  

 

Table 4 Antioxidant activity of common indigo (I. tinctoria) extract. 

Extraction solvent 
Antioxidant activity 

DPPH assay IC50 (µg/mL) ABTS assay IC50 (µg/mL) 
Aqueous 91.09±0.39c 4.10±0.15b 

50% Ethanol 87.96±0.98b 4.02±0.01b 
95% Ethanol 78.78±0.03a 2.58±0.01a 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

Table 2 GC-MS analysis of 50% ethanol extract of common indigo (I. tinctoria)

Table 3 GC-MS analysis of 95% ethanol extract of common indigo (I. tinctoria)

Table 4 Antioxidant activity of common indigo (I. tinctoria) extract

The values shown as Mean±SD with different superscript letters in a column are significantly different (P<0.05)

 

Table 5 Total phenolic content and total flavonoid content of common indigo (I. tinctoria) 

extract. 

Extraction solvent Total phenolic content (mg GAE/g E) Total flavonoid content (mg QE/g DW) 
Aqueous 4.60±0.00a 0.122±0.001a 
50% Ethanol 6.47±0.00b  0.128±0.002a 
95% Ethanol 7.47±0.67c 0.443±0.011b 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 
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The 95% ethanol extract contained the highest phenolic and total flavonoid contents. The results were 
statistically significant (P<0.05) when compared to extracts that used the other solvents.

Antimicrobial activity testing of common indigo (I. tinctoria) against S. agalactiae

Evaluation of the antimicrobial activity 

The antimicrobial activity testing of the common indigo against S. agalactiae using the agar disk diffusion 
method revealed that the 50% and 95% ethanol extracts exhibited a statistical difference in their ability to 
inhibit bacterial growth (P<0.05). The 95% ethanol extract possessed the best ability to inhibit S. agalactiae 
growth (Table 6).

Based on the MIC value derived from this experiment, the 95% ethanol extract possessed the best 
ability to inhibit S. agalactiae growth with an MIC value equal to 250 mg/mL, followed by the 50% eth-
anol extract with an MIC value equal to 500 mg/mL, and the aqueous extract with an MIC value equal to 
1,000 mg/mL. The MBC was derived from the bacteria from the test tube that demonstrated no growth of 
S. agalactiae by a spread plate technique on TSA. The study showed that S. agalactiae could be killed by 
the 95% ethanol extract with concentration levels of 1000 mg/mL and 500 mg/mL and the 50% ethanol 
extract with concentration levels of 500 mg/mL. Based on these preliminary trials, the 95% ethanol ex-
tract with concentration levels of 500 mg/mL was selected to test the effectiveness of the indigo extract 
in inhibiting S. agalactiae growth in Nile tilapia fries because it possessed the best performance in killing 
S. agalactiae.

Lethal concentration of indigo extracts required to kill 50% of Nile tilapia (LC50) in 96 h

The result showed that the mortality rates of Nile tilapia in the experiments that used 0, 2000, 4000, 6000, 
8000, and 10000 mg/L concentrated indigo extracts were statistically different (P<0.05). The highest con-
centration level required to kill 100% of the fish in 96 h was equal to 10000 mg/L (Table 7). The concentra-
tion level required to kill 50% of the fish in 96 h was 4902 mg/L. The cumulative death rate is represented 
in the following equation: 
y= 0.0102x (R2=0.9766)

The safe concentration level of the indigo extracts was calculated based on the application factor of 
0.1 according to Chen et al. (1990), which was equal to 490.2 mg/L.	

 

Table 6 Inhibition zone against S. agalactiae growth.              

Extraction solvent Inhibition zone (mm)  
Ampicillin (100 µg/mL)                                                                        22.83±1.81a 
Aqueous                                                                      0.49±0.36b 
50% Ethanol                                                                      3.88±1.41c 
95% Ethanol                                                                      8.20±1.27d 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

 

Table 7 Cumulative death rate of Nile tilapia exposed to different levels of concentrations of indigo 

extract for 96 h. 

Concentration of 
common indigo 
extract (mg/L) 

Lethal concentration (%) 
0 h 24 h 48 h 72 h 96 h 

0 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 0.00±0.00a 
2,000 0.00±0.00a 0.00±0.00a 0.00±0.00a 10.00±0.00b 16.67±5.77b 
4,000 0.00±0.00a 0.00±0.00a 0.00±0.00a 16.67±5.77b 30.00±10.00c 

6,000 0.00±0.00a 43.33±5.77b 53.33±5.77b 60.00±10.00c 66.67±5.77d 
8,000 0.00±0.00a 53.33±5.77c 76.67±5.77c 83.33±11.55d 86.67±5.77e 
10,000 0.00±0.00a 100.00±0.00d 100.00±0.00d 100.00±0.00e 100.00±0.00f 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

Table 6 Inhibition zone against S. agalactiae growth

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05)

Table 7 Cumulative death rate of Nile tilapia exposed to different levels of concentrations of indigo extract for 96 h

The values shown as Mean±SD with different superscript letters in a column are significantly different (P<0.05)
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Bacterial (S. agalactiae) challenge study in Nile tilapia

Mortality rate and relative percent survival of Nile tilapia

This bacterial challenge study in Nile tilapia was divided into 4 experimental groups and carried out by inject-
ing 0.1 mL of 108 CFU.mL-1 concentrated S. agalactiae into the fish belly. The sample in the control group 
was divided into two subgroups. The sample in the first subgroup was injected with 0.85% normal saline (a 
negative control). The sample in the other subgroup was only injected with 108 CFU.mL-1 concentrated S. 
agalactiae (a positive control). The results revealed that the fish that consumed pellet feed sprayed with indigo 
extracts exhibited higher survival rate than the control groups that did not receive any indigo extracts. The fish 
that consumed pellet feed sprayed with 0.5% concentrated pellet feed exhibited a higher antimicrobial activity 
against S. agalactiae, with a 70% mortality rate and a relative percent survival of 36.67%. The results were 
statistically significant when compared to other experimental groups (P<0.05) (Table 8).

Hematology, biochemistry, and immunology in fish blood

Total red blood cells, hemoglobin counts, and hematocrit of fish that received pellet feed sprayed 
with the indigo extract were statistically higher than those of the control group (P<0.05). The results 
showed no differences among the experimental groups that received pellet feed sprayed with different 
concentrations of the indigo extract. White blood cells and the percentage of lymphocytes in fish that 
received pellet feed sprayed with the 0.5% concentrated indigo extract were statistically higher than 
those of the control group (P<0.05). However, the results showed no statistical differences in neutro-
phils or eosinophils among all experimental groups (Table 9).

The biochemical parameters of Nile tilapia blood fed with different types of feed are displayed in 
Table 10. Fish that received pellet feed sprayed with 1% concentrated indigo extract exhibited statis-

 

Table 8 Mortality rate and relative percent survival of Nile tilapia exposed to S. agalactiae in 

different experimental groups for the bacterial challenge study. 

Experimental group Mortality rate (%) Relative percent survival (%) 
Control group, injected with 0.85% NaCl (negative control) 0.00±0.00d 100±0.00a 
Control group, injected with 108 CFU.mL-1 concentrated bacteria (positive control) 100±0.00a 0.00±0.00d 
Pellet feed sprayed with 0.1 % concentrated indigo extract 76.67±5.77b 23.33±5.77c 
Pellet feed sprayed with 0.5 % concentrated indigo extract 70.00±10.00c 36.67±10.00b 
Pellet feed sprayed with 1.0 % concentrated indigo extract 73.33±5.77b 26.67±5.77c 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

 

Table 9 Hematological parameters of Nile tilapia fed with different feed for 8 weeks.  

Parameter Control group (0%) 
Pellet feed sprayed with indigo extract 

0.1% Concentration 0.5% Concentration 1% Concentration 
Hematocrit (%) 17.67±1.52a 19.67±2.08ab 22.67±2.51ab 24.00±4.00b 
Haemoglobin (g/dL) 5.80±0.26a 5.97±0.42ab 7.27±0.68ab 7.60±1.45b 
RBC (x106 cells/mm3) 2.37±0.06a 2.53±0.58ab 2.73±1.52b 2.83±0.32b 
WBC (x103 cells/mm3) 1.39±1.00a 1.52±1.25a 1.90±0.92b 1.36±1.02a 
Lymphocytes (%) 5.67±1.15a 7.67±2.08a 16.33±1.52c 11.67±2.08b 
Neutrophils (%) 88.67±3.51a 91.67±2.51a 92.67±3.21a 87.33±5.13a 
Eosinophils (%) 0.33±0.57a 0.33±0.57a 0.33±0.57a 0.33±0.57a 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

 

Table 10 Biochemical parameters in Nile tilapia blood fed with different feed for 8 weeks.  

Parameter Control group (0%) 
Pellet feed sprayed with indigo extract 

0.1% Concentration 0.5% Concentration 1% Concentration 
ALT (U/L) 19.33±1.53a 21.33±3.21a 25.33±7.02a  26.33±3.79a 

AST (U/L) 34.00±7.81a 35.67±6.51a 41.00±5.57ab  48.33±3.51b 

ALP (U/L) 36.00±8.54a 36.33±6.66a  51.00±7.21b 51.33±2.08b 
Total protein (g/dL) 2.67±0.27a 3.06±0.33ab 3.35±3.23b 3.23±0.22b 
Albumin (g/dL) 1.41±0.29a 1.42±0.14a 1.43±0.07a 1.51±0.26a 
Globulin (g/dL) 0.36±0.11a 0.41±0.05a 0.41±0.67a 0.38±0.09a 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

  

Table 8 Mortality rate and relative percent survival of Nile tilapia exposed to S. agalactiae in different experimental groups for the 
bacterial challenge study.

Table 9 Hematological parameters of Nile tilapia fed with different feed for 8 weeks

The values shown as Mean±SD with different superscript letters in a column are significantly different (P<0.05)

Table 10 Biochemical parameters in Nile tilapia blood fed with different feed for 8 weeks

The values shown as Mean±SD with different superscript letters in a column are significantly different (P<0.05)
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tically higher AST than those in other experimental groups (P<0.05). Fish that received pellet feed 
sprayed with 0.5% and 1% concentrated indigo extracts exhibited statistically higher ALP and total 
protein than those in other experimental groups (P<0.05). However, the results showed no statistical 
differences in ALT, albumin, or globulin among all experimental groups (P<0.05).

This research analyzed immunity in the blood of fish that received different types of feed for eight 
weeks. The results revealed that fish that received feed sprayed with 0.5% concentrated indigo ex-
tract exhibited statistically higher levels of lysozyme in their blood than those in other experimental 
groups (P<0.05) (Fig. 1). Fish that received feed sprayed with 0.1% and 0.5% concentrated indigo 
extracts exhibited statistically higher IgM than those in other groups (P<0.05) (Fig. 2).

Nile tilapia growth and water quality

After eight weeks, the results showed that fish fed with feed sprayed with 0.5% concentrated indigo extract 
exhibited a higher final weight, increased weight, average daily gain (ADG), and feed conversion ratio (FCR) than 
those in the control group (P<0.05). However, these were not statistically different from those in the experimental 
groups that used feed sprayed with 0.1% and 1% concentrated indigo extract. In addition, the results showed no 
statistical differences in survival rate or fish output among all experimental groups (P<0.05) (Table 11).

In terms of water quality, the results showed no statistical differences in pH, dissolved oxygen, 

 

Fig. 1 Serum lysozyme activity of Nile 

tilapia fed with different feed for 8 weeks. 

 

  

 

Fig. 2 Immunoglobulin M (IgM) in Nile 

tilapia blood fed with different feed in 8 

weeks. 

 

Fig. 1 Serum lysozyme activity of Nile tilapia fed with different feed for 8 weeks. The values displayed in the graph as Mean±SD with 
difference letters are significantly different (P<0.05).

Fig. 2 Immunoglobulin M (IgM) in Nile tilapia blood fed with different feed in 8 weeks. The values displayed in the graph as 
Mean±SD with difference letters are significantly different (P<0.05).

 

Table 11 Initial weight, final weight, increased weight, average daily gain, feed conversion 

ratio, survival rate, and fish output. 

Parameter Control group (0%) 
Pellet feed sprayed with indigo extract 

0.1% Concentration 0.5% Concentration 1% Concentration 
Initial weight (g) 18.75±0.57a 19.00±0.35a 18.85±0.85a 19.20±0.49a 

Final weight (g) 34.33±0.11a 35.98±0.53ab 38.25±1.70b  36.95±2.19ab 

Weight gain (g) 15.58±0.67a 16.98±0.18ab 19.05±1.20b  18.10±1.34ab 
ADG (g/fish/day) 0.260±0.011a 0.283±0.003ab 0.318±0.020b  0.302±0.022ab 
FCR 2.10±0.09a 1.94±0.02ab 1.78±0.11b  1.95±0.14ab 
Survival rate (%)  81.82±5.14a 84.55±1.29a 86.36±1.29a 85.45±5.14a 
Fish output (g/tank) 1,545±102a 1,673±50a 1,800±188a  1,754±78a 

 

The values shown as Mean±SD with different superscript letters in a column are significantly different (p<0.05). 

 

Table 11 Initial weight, final weight, increased weight, average daily gain, feed conversion ratio, survival rate, and fish 
output.

The values shown as Mean±SD with different superscript letters in a column are significantly different (P<0.05)
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temperature, ammonia, nitrite, or nitrate among all experimental groups (P<0.05). In this entire 
experiment, pH ranged between 7.43 and 7.69, dissolved oxygen ranged between 6.32 and 8.29 mg/L, 
the temperature ranged between 26.00 and 28.79 °C, ammonia ranged between 0.095 and 0.279 mg-N/L, 
nitrite concentration ranged between 0.031 and 0.553 mg-N/L, and nitrate concentration ranged between 
0.020 and 0.167 mg-N/L.

Discussion

This research aimed to study the utilization of indigo extracts in inhibiting bacterial infection in Nile tila-
pia. The results showed that the 95% ethanol indigo extract exhibited the highest ability to kill S. agalacti-
ae. The results from the bacterial challenge study revealed that Nile Tilapia that consumed feed sprayed 
with 0.5% concentrated indigo extract could best inhibit S. agalactiae. Indigo extracts could inhibit 
bacteria because they contain phytochemical components including alkaloids, flavonoids, tannins, 
phenols, saponins, glycosides, and terpenoids that possess antioxidant potential (Chandra et al. 2014; 
Srinivasan et al. 2016; Vijayan et al. 2018). The results from the GC-MS analysis, total phenolic con-
tent, total flavonoid content, and antioxidant activity testing revealed various vital compounds in the indigo 
extracts that exhibited antimicrobial, antibacterial, and antioxidant activity properties. The results showed 
that 95% ethanol extract exhibited higher total phenolic content and total flavonoid content and conse-
quently, the highest antioxidant activity. Previous research has shown that various plants contain secondary 
metabolites and other components that can inhibit bacteria (Cluz et al. 2019; Zofia et al. 2020).

Hematology results showed that the Nile tilapia in the group that ate pellet food sprayed with indigo 
extract had more red blood cells, more hemoglobin, and a higher hematocrit than those in the control group. 
However, there were no statistical differences among the experimental groups that received pellet 
feed sprayed with different concentrations of the indigo extract. White blood cells and the percentage of 
lymphocytes in fish that received pellet feed sprayed with the 0.5% concentrated indigo extract were 
statistically higher than those of other experimental groups. Hematological parameters, including 
total red blood cells, hemoglobin counts, hematocrit, total white blood cells, and types of white blood 
cells, are widely used for assessing the health status and antioxidative capacity of fish when adapting to the 
environment (Kim et al. 2021). Various studies found that mixing herbs with fish feed could help improve 
the hematological parameters of many types of fish (Adel et al. 2015; Dadras et al. 2016; Ebrahimi et 
al. 2020). 

This study revealed that indigo extracts could help improve the hematological parameters of Nile ti-
lapia. The study showed that the total white blood cells and the percentage of lymphocytes in fish that 
received pellet feed sprayed with the 0.5% concentrated indigo extract for eight weeks were statisti-
cally higher than those of other experimental groups. Leukocytes are part of the immune system, and 
white blood cells can be an indication of aquatic animal health. This research aligns with Boothapan-
di and Ramanibai (2016), who found that I. tinctoria extract could increase pinocytic activity, which 
could further enhance the phagocytic activity of macrophages. Macrophages play a dominant role 
in phagocytosis, which carries out the intracellular killing of antigen (Delcenserie et al. 2008). Fur-
thermore, some previous studies also used plant extracts such as turmeric (Abdelrazek et al. 2017), 
bael fruit (Aegle marmelos) (Wangkahat et al. 2022b), jujube leaves (Ziziphus mauritiana) (Asely et 
al. 2020), and miswak (Salvadora persica) (El-latif et al. 2021) to increase immunity in Nile tilapia. 
Sadeghi et al. (2021) also found that herbs could boost immunity and increase white blood cells in 
common carp. Overall, this research found that using pellet feed sprayed with indigo extract could 
help boost innate immunity in Nile tilapia.

Blood biochemistry is important for assessing pathology and indicating fish health (Casanovas 
et al. 2021). The amount of ALT, AST, and ALP is an indication of illness and reflects the level of 
liver injury in fish (Zhang et al. 2020). The fish provided with pellet feed sprayed with 1% concen-
trated indigo extract exhibited statistically higher AST than those in other groups. The fish provided 
with 0.5% and 1% concentrated indigo extracts exhibited statistically higher ALP than those in other 
groups. This study found higher ALT, AST, and ALP than the normal values found in Nile tilapia 
blood in Wangkahat et al. (2022a) and Monir et al. (2020) reports. This can be interpreted as meaning 
that using higher indigo extract concentrations could affect liver cells.
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Total protein, albumin, and globulin are used in assessing nutritional status or diagnosing liver 
and kidney abnormalities and other diseases. Globulins are a group of proteins in the blood that play 
an important role in liver function, blood clotting, and immune responses (Wangkahat et al. 2022a). 
Higher total protein levels reflect improved responses to the innate immune system (Hassaan et al. 
2021). In this study, fish that received 0.5% and 1% concentrated indigo extracts exhibited statisti-
cally higher total protein than those in the control group. This illustrates the ability of indigo extract 
to boost immunity.

The innate immune response in fish is typically assessed by the release of bactericidal or hydro-
lyzing enzymes called lysozymes in fish serum. Lysozyme is an important enzyme for the innate 
immune system. It is produced by a monocyte, macrophages, and neutrophils (Saurabh and Sahoo 
2008; Carbone and Faggio 2016). This enzyme breaks down bacterial cell walls through cell lysis. 
Lysozyme activity can boost leucocytes and macrophages, which causes phagocytosis (Magnadottir 
2006). It possesses the ability to kill bacteria and plays an important role in inhibiting the spread 
of bacteria, especially gram-positive (Tahmasebi-Kohyani et al. 2011). Based on the results of this 
study, fish that received feed sprayed with 0.5% concentrated indigo extract exhibited statistically 
higher levels of lysozyme in their blood than those in other experimental groups. The results showed 
that fish that received feed sprayed with 0.1% and 0.5% concentrated indigo extract exhibited statis-
tically higher IgM than those in other experimental groups. This shows that fish that received feed 
mixed with indigo extracts had higher innate immunity than those in the groups that received feed 
without indigo extracts. This aligns with Boothapandi and Ramanibai (2016), who found that I. tinc-
toria extracts enhanced innate as well as adaptive immune response.

In this study, Nile tilapia were provided pellet feed sprayed with different concentration levels 
(0%, 0.1%, 0.5%, and 1%) of the indigo extract for eight weeks. The results showed that the final 
weight, weight gain, ADG, and FCR were statistically higher in the sample that received pellet feed 
sprayed with 0.5% concentrated indigo extract than those in the control group. This could be because 
indigo extract contains tannins and saponins, which typically lead to less feed consumption. Tannins 
can interfere with the digestive system (Halawany 2012). Receiving high levels of tannins can sup-
press enzyme activity, including amylase, lipase, and protease, in the digestive system, causing slow 
growth in fish (Omnes et al. 2017). In addition, regularly consuming herbs that contain bioactive 
compounds such as saponins could cause too much of an immune response that could obstruct the 
metabolism of fish (Talpur and Ikhwanuddin et al. 2013).

Conclusion

This study found that the 95% ethanol indigo extract could best inhibit S. agalactiae growth. The best 
hematological parameters, immunity, and growth of Nile tilapia were obtained when pellet feed was 
sprayed with 0.5% concentrated indigo extract. The results revealed that indigo extracts could inhibit 
S. agalactiae and increase immunity in Nile tilapia. However, common indigo extract may be used in 
essential oil or powder form, but experimental studies of the effectiveness of indigo extracts in inhibiting 
bacterial infection in fish are still limited. To ensure safe and effective use of the common indigo extract, 
further studies are needed on how it enters the body when used in fish feed as a powder, essential oil, or 
capsule. These studies will also help to better understand how common indigo extract works to improve 
fish health.
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