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Abstract        

The present study was conducted to determine the effective herbal 

extracts of Phyllanthus urinaria and Combretum quadrangulare 

incorporated into the diets on the health of whiteleg shrimp 

(Litopenaeus vannamei). A commercially available feed diet was 

incorporated with a concentration of 1% P.urinaria, 1% 

C.quadrangulare,1% of a mixture of both 1% P. urinaria and 1% 

C. quadrangulare Kurz (experimental diets), and no herbal extract 

(control treatment). Shrimps (1.05±0.33 g) in triplicate groups 

were fed with the supplemented diets for 4 weeks in a 500 L tank 

with a stocking density of 70 shrimp/tank. Hematological and 

immunological parameters (Total hemocyte count, granular cells, 

hyaline cells, phenoloxidase activity-PO, and immune gene 

expressions) were evaluated after the feeding trial. The results 

showed that after 4 weeks of dietary herbal supplementation of 1% 

P. urinaria (PUE), and 1% mixture of P. urinaria and C. 

quadrangulare (PUE-CQE) significantly enhanced hematological 

and immunological parameters (total hemocyte count, granular 

and hyaline cells, phenoloxidase, lysozyme, and Penaeidin-3). 

After being challenged against V. parahaemolyticus, cumulative 

mortality of shrimp in treatment of a 1% mixture of P. urinaria 

and C. quadrangulare (PUE-CQE) was lower compared to the 

positive control at 43.6% and 66.7% respectively and the 

difference was statistically significant (p<0.05). Dietary herbal-

supplemented treatments of 1% CQE and 1% PUE were slightly 

lower than the positive control at 55.6% and 59.5% respectively 

hence no significant difference (p>0.05). This shows that all the 

herbal treatments lowered the susceptibility and increased 

protection against V. parahaemolyticus compared to the positive 

control. In summary, the results indicate that P. urinaria and C. 

quadrangulare dietary herbal extracts have beneficial impacts on 

immune responses and disease resistance in whiteleg shrimp 

(Litopenaeus vannamei) against V. parahaemolyticus. 

 

Keywords: Combretum quadrangulare, disease resistance, innate immunity, 

Phyllanthus urinaria, Litopenaeus vannamei, Vibrio parahaemolyticus. 
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CHAPTER 1: INTRODUCTION 

1.1 Problem statement 

The most preferred seafood globally is whiteleg shrimp (Litopenaeus vannamei), thus, shrimp 

farming has expanded drastically since 1970s (De Silva et al., 2018), having an annual 

production of nearly 4 million metric tonnes in 2019 (Anh et al., 2019). Global shrimp and 

prawns trade represents a major source of foreign exchange earnings for many developing 

countries in Asia and Latin America; valued at USD 24.7 billion in 2020 (FAO, 2022). 

Although L. vannamei is not indigenous to Asia, it is currently mainly produced (about 80%) 

by Asian countries. The world aquaculture production of L. vannamei achieved over 5.8 

million tonnes in 2020 (FAO, 2022). 

Whiteleg shrimp is a tropical marine species cultivated across the world in different culture 

systems (Li et al., 2017). L. vannamei has desirable characteristics, such as prolific growth 

and wide demand in the global market. L. vannamei offers outstanding advantages, such as 

domestication and genetic selection for growth rate, disease resistance, and rapid maturation 

(De Silva et al., 2021).  Its production has increased recently due to its high economic 

returns, but it has also been plagued by disease outbreaks. Compared to P. monodon, L. 

vannamei is the preferred choice for processing because of its higher meat yield (around 

66%–68 (Liao and Chein,2011; El-saadony et al., 2022). Globally, resistance to pathogens is 

the main obstacle to the sustainable development of whiteleg shrimp farms (FAO, 2020). 

Devastating shrimp pathogens, including Enterocytozoon hepatopenaei (EHP) and Vibrio 

parahaemolyticus (VPH) (Soto-Rodriguez et al., 2015), are the cause of significant economic 

losses to shrimp producers (Han et al., 2020). Because of culture intensification according to 

Thitamadee et al. (2016), the global shrimp farming industry has been affected by 

reoccurring infections. Acute hepatopancreatic necrosis disease (AHPND) is caused by a 

pathogenic isolate of Vibrio parahaemolyticus (VPH) (Joshi et al ., 2014), AHPND alone 

throughout several Asian states and in Mexico across the period of 2009 to 2016 was 

estimated to be US$ 23.58 billion (Hien et al., 2016).  

The changing global regulatory controls and frameworks on the use of antibiotics in 

aquaculture have necessitated much interest in the development of functional aquafeeds (Ng 

et al., 2023). Reduction in the use of synthetic antibiotics is a priority due to the high 

incidence of resistant bacteria (Vibrio) in the whiteleg shrimp, (L.vannamei) with 



Page 3 of 37 

 

Jan 5, 2024  https://afri.et/helix/article/view/128 

recommendations to use therapeutic potential of herbal medicines and other natural 

alternatives (Syahidah et al., 2015; Macusi et al., 2022 ) as well use of functional feed 

additives to enhance shrimp growth and resistance to AHPND (Soowannayan et al., 2019; 

Kumar et al., 2020; Isnani et al., 2021) An increasing number of reports show the bactericidal 

activity of natural treatments in the aquaculture sector to fight pathogenic agents (Tang et al., 

2020; Naylor et al., 2021). Studies have revealed that Vibrio bacteria causing AHPND have 

now shown antibiotic resistance to a wide range of antibiotics (Lai et al., 2015). 

It is under this background this study was done to identify the beneficial impacts on immune 

responses and disease resistance of whiteleg shrimp-fed dietary herbal extracts. It should be 

noted that no previous research on using Phyllanthus urinaria Linn and Combretum 

quadrangulare Kurz has been done before. P. urinaria and C. quadrangulare Kurz are 

among the medicinal plants that can be used to enhance the growth performance, immune 

system, and disease resistance of cultured animals (Awad et al., 2017; Sivakumar et al.,  

2017; Isnani et al., 2021; Tran et al., 2021; Men et al., 2022). 

 This study is the first to determine the effectiveness of P. urinaria and C. quadrangulare 

Kurz extracts on the enhancement of resistance to Vibrio parahaemolyticus and acute 

hepatopancreatic necrosis disease in L. vannamei. This study was done to determine the 

immune parameters and disease resistance to acute hepatopancreatic necrosis disease of 

whiteleg shrimp fed on a diet containing P. urinaria Linn and C. quadrangulare Kurz 

extracts. 

1.2 Research objectives 

The study aimed to determine the effectiveness of diets supplemented with plant extracts on 

the health of whiteleg shrimp (L. vannamei). 

1.3 Research contents 

Effects of dietary supplementation of herbal extracts on innate immunity of whiteleg shrimp. 

Effects of dietary supplementation of herbal extracts on the resistance against Vibrio 

parahaemolyticus in whiteleg shrimp. 
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Time and location 

This study was conducted in the Fish pathology wet laboratory at the Faculty of Aquatic 

Pathology, College of Aquaculture and Fisheries, Can Tho University from September to 

December 2022. 

3.2 Materials  

- A system of 500-L composite tanks, glass tanks, air aerators, media for bacteria 

culture, formal, chlorine, and brine water. 

- Whiteleg shrimp with mean bodyweight each (1.05±0.33 g) negative for V. 

parahaemolyticus were selected for the experiments. 

- P. urinaria (whole plant) and C. quadrangulare (leaves) were collected in the 

Mekong delta. 

- The commercial pellet (Grobest) containing 40% crude protein covered with/without 

squid oil and herbal extracts.  

- Vibrio parahaemolyticus used for the challenge experiment was selected from the 

microbial collection of the College of Aquaculture and Fisheries, Can Tho University.  

3.2.1 Herbal extracts preparation 

The collected plants were washed, shade dried, chopped into small pieces, and crushed using 

a blender. The grounded materials were soaked in methanol with a ratio of 1kg: 10L for 3 

days at room temperature. The herbal extracts were filtered through Whatman filter paper and 

concentrated by use of a rotary evaporator with a water bath set at 48
0
 C

 
to remove the 

solvents (Mariita et al., 2011).  

 

Figure 3.1: Shade-dried leaves and sample herbal extract of  P. urinaria and C. 

quadrangulare leaves. 
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 3.2.2 Preparation of experimental diets 

Four diets were prepared by supplementing the herbal extracts at 0% (Control), 1% (P. 

urinaria), 1% (C. quandrangulare), and 1% (mixed herbal extract, P. urinaria, and C. 

quandrangulare). The concentration of the herbal extracts was selected based on a previous 

study by Huyen et al. (2020). These herbal extracts (1%) were dissolved with DMSO (0.4g of 

herbal extract in 1mL DMSO)  and were coated with commercial pellets, 20 % ethanol (of 

mixture of both DMSO and herbal extracts) was added to all treatments to increase the 

volume of herbal extract  and applied in experimental feed using a dropper. These pellets 

were kept at room temperature for 30 minutes to allow absorption of the extract and 

evaporation of ethanol. Then, the pellets were coated with 2% squid oil (Chirawithayaboon et 

al., 2020) to prevent the dispersion of the extract into the water and reduce the smell. The 

experimental diets were kept in plastic bags at 4
o
C for feeding trials after being air dried for 

30 minutes.  

3.3 Feeding experiment 

3.3.1 Experimental design 

The shrimps were acclimatized to the laboratory conditions for 3 days before starting the 

experiment. Whiteleg shrimp with a mean body weight of (1.05±0.33 g) were stocked in 

500L tanks containing 400L of water. The stocking density was 70 shrimp/tank. There were 4 

treatments with 3 replications. These treatments were identified as follows: 

Treatment 1: Commercial pellet without herbal extract (Control)  

Treatment 2: Commercial pellet supplemented with 1% P. urinaria (PUE) 

Treatment 3: Commercial pellet supplemented with 1% C. quadrangulare Kurz (CQE) 

Treatment 4: Commercial pellet supplemented with 1% of a mixture of both P. urinaria and 

C. quadrangulare Kurz (PUE-CQE) 

The feeding regime with the experimental diets was 5%-7% of body weight for 4 weeks. The 

frequency of feeding was 4 times per day (7:00,11.00,14.00,18.00h). 

3.3.2 Monitoring 

Continuous aeration was provided in the rearing tanks in addition to the water replenishment 

by changing 50% of the water used weekly with chlorine-free water with salinity (15 ‰), 
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throughout the experimental feeding period. Dead shrimp, uneaten food, and fecal matter 

were removed through siphoning daily to maintain high standards of hygiene. 

Water quality parameters were measured regularly and maintained as follows: Water 

temperature (27-30
o
C), salinity (15 ‰), pH (8-8.5), and dissolved oxygen (4.75 mg L

-1
), 

daily, were measured twice a day (morning -07.00h and evening -05.00h, every day), and 

alkalinity (110 CaCaCO3 mg L
-1

) was monitored every week. These parameters were 

checked using portable Oxy-guard, and Sera Test Kits. 

3.4 Analytical methods for immune parameters 

After the 4-week of feeding experiment, nine shrimps from each treatment were randomly 

sampled for hematological and immunological parameters such as Total hemocyte count 

(THC), differential hemocyte count (DHC), Phenoloxidase activity (PO), Panaeidin (PEN) 

and Lysozyme (LSZ). 

3.4.1 Total hemocyte count (THC)  

Hemolymph (100µL of individual shrimp was withdrawn from the pleopod base of the first 

abdominal segment with a sterile 1-mL syringe and mixed gently with 900µL of sterilized 

anticoagulant (trisodium citrate 30mM, NaCl 338mM, glucose 115mM, EDTA 10 mph 7). A 

volume of 10 µL of the anticoagulant-hemolymph mixture was placed in a Neubauer 

hemocytometer to count the hemocyte under a light microscope at 40× and repeated 2 times 

(Le Moullac et al., 1997a). 

3.4.2 Differential Hemocyte Count (DHC)  

Anticoagulant-hemolymph mixture was used for the identification and enumeration of 

hyaline cells, semi-granular cells, and granular cells based on the methods described by Le 

Moullac et al. (1997b). To obtain smears, the hemolymph was centrifuged at 5000 rpm for 5 

min at 4℃, the supernatant was discarded, and the pellet was rinsed once with the formalin-

AS pH 4·6 (1:10) and resuspended gently in the same solution. A drop of the hemocyte 

suspension was spread on glass slides, fixed for 5 min in ethanol, air-dried, and stained with 

Giemsa for 30 min then, stained slides were rinsed in acetone, and xylene, then, were washed 

in distilled water, air-dried, and cells were observed and counted (200 cells/sample) under a 

light microscope ×100. DHC was calculated as the Density of each hemocyte (cell mL
-1

) = 

Number of each hemocyte ×THC/200. 
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3.4.3 Phenoloxidase activity (PO) 

L-Dihydroxyphenylalanine (L-DOPA) was used to measure total phenoloxidase activity  

(Hernandez-Lopez et al., 1996). Hemolymph (200 µL) was collected from the ventral sinus 

of the shrimp and mixed with 900 µL of the sterile anticoagulant solution. Haemolymph 

withdrawn in anticoagulant was centrifuged at 2500 rpm for 20 min at 4℃. The supernatant 

was discarded, and the pellet was rinsed and suspended gently in 1000 µL Cacodylate Citrate 

buffer solution (pH 7), and slightly mixed. The samples were centrifuged again at the same 

condition, the supernatant discarded, and the pellet was rinsed in 200 μL Cacodylate Citrate 

buffer solution (pH 7), and slightly mixed. The suspension of 100 µL was incubated with 50 

μL Trypsin solution (mL mg
-1

) and Cacodyte Citrate buffer solution (pH 7) (control tube). A 

50 μL aliquot of L-DOPA was added, then 800 μL Cacodylate Citrate buffer solution (pH 

7.0) and measured using a spectrophotometer at 490 nm. 

3.4.4 Immune-Related Gene Expressions  

Expressions of the immune-related gene were conducted using target genes such as 

Penaeidin-3 (PEN), Lysozyme (LSZ), and Beta-actin as the reference gene.  

3.4.4.1 RNA extraction  

An RNAzol reagent was used to extract RNA from the hemolymph. 250µL of hemolymph 

was taken from an eppendorf tube containing 250 µL of cold RNAzol (Molecular Research 

Center, Inc. USA) and homogenized. 100 µL of distilled water was added to the eppendorf 

tube and centrifuged at 10,500 rpm for 15 minutes at 4°C. The supernatant (300µL) was then 

transferred to a new eppendorf tube containing 300 µL isopropanol and centrifuged for 10 

minutes at 4°C at 10,500 rpm. The supernatant was discarded, and the pellet was maintained. 

Next, 200 µL of 75% ethanol was added, and the pellet was centrifuged at 3,600 rpm for 5 

minutes at 4°C. The supernatant was then discarded. Twice in a row. The eppendorf tube was 

turned upside -down and the pellet was air-dried. After that, 100 µL of DEPC water was 

added, mixed, and stored at -80°C until use (Wang et al., 2008). 

3.4.4.2 cDNA synthesis 

The cDNA was obtained using the SensiFast cDNA synthesis kit (Bioline). Before use, the 

solutions were vortexed and centrifuged. The master mix was then prepared and gently 

by mixing DNase/RNase-free water, 5X TransAmp Buffer, reverse transcriptase, and 1 µL of 

RNA. Then, before adding the RNA template, an aliquot of the master mix was placed in 

each tube and incubated at 25°C for 10 minutes (primer annealing), 45°C for 15 minutes 
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(reverse transcription), 85°C for 5 minutes (inactivating), and cDNA was stored at -20°C 

until use (Schmittgen and Livak 2008). 

Using a Real-time PCR cycler (Biorad), the generated cDNA was utilized as a template to 

assess the relative expression of lysozyme (LSZ) and penaeidin-3 (PEN) in hemolymph 

samples. and the gene-specific primers listed in Table 3.1 with β-actin as an internal control 

to calculate fold change in the target genes (Wang et al., 2008). 

3.4.4.3 Real-time PCR 

The concentration of cDNA was determined and diluted. The PCR master mix was then 

prepared and gently mixed, consisting of distilled water, 1x of ROX mix, 0.5 µM F primer, 

0.5 µM R primer, and cDNA. After that, an aliquot of the master mix was added to each tube 

and incubated for 1 cycle at 95°C for 3 minutes (polymerase activation), 95°C for 15 seconds 

(denaturation), and 40 cycles at 56°C for 30 seconds (annealing) and 72°C for 30 seconds 

(extension).  The critical threshold (Ct) quantifies of the target genes were standardized with 

quantities (Ct) of β-actin using the 2
−ΔΔ

Ct method (Schmittgen and Livak, 2008). 

Table 3.1: Primers used for RT-qPCR in the present study. 

Gene Primer sequences (5’ to 3’) GenBank # 
Products 

(bp) 

Lysozyme F: GGA CTA CGG CAT CTT CCA GA 

R: ATC GGA CAT CAG ATC GGA AC 

AY170126 

 

97 

Penaeidin-3  F: CAC CCT TCG TGA GAC CTT TG 

R: AAT ATC CCT TTC CCA CGT GAC 

Y14926 

 

121 

β-actin F: CCA CGA GAC CAC CTA CAAC 

R: AGC GAG GGC AGT GAT TTC 

AF300705 142 

3.5 Challenge experiment 

3.5.1 Vibrio parahaemolyticus challenge test 

After 4 weeks of herbal supplementation, the challenge experiment was set up with 5 

treatments,3 replicates per treatment, and 15 shrimps per tank. The shrimp feeding 

experiment was challenged with V. parahaemolyticus by immersion method (Tran et al., 
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2013). Briefly, experimental shrimp were challenged by immersion in bacteria solution at a 

concentration that lethal dose of 50% of the experimental shrimp, and the dose of the bacteria 

was (1.4 × 10
7
 CFU/mL). The negative control shrimp was immersed in nutrient broth. The 

challenged shrimp were fed with respective treatment diets twice a day throughout the 

challenge period. Removal of wastes and uneaten feed was conducted daily. The mortality 

rate was recorded daily for 14 days of the challenge test. Moribund shrimps were collected 

for V. parahaemolyticus confirmation by PCR method with primer sets adapted from Dangtip 

et al. (2015). 

3.5.2 PCR method for detection of V. parahaemolyticus 

Vibrio parahaemolyticus was isolated from the hepatopancreas of moribund shrimp using 

TCBS agar. Then, DNA was extracted from the isolated bacteria in the TCBS agar, then 

utilized for PCR to identify bacteria V. parahaemolyticus using chemical composition 

reaction and thermal cycling conditions performed according to the method of Dangtip et al. 

(2015). Electrophoresis results were recorded with a reader gel, based on the 100 bp DNA 

scale to determine the molecular weight, in which the sample had a line of 1269 bp (product 

PCR product step 1) and 230 bp (step PCR product 2) samples infected with V. 

parahaemolyticus and samples, not product line is negative, not infected with V. 

parahaemolyticus. 

3.6 Data analysis 

The data was analyzed using Microsoft Excel 2016, SPSS -21(SPSS Inc., Chicago, Illinois, 

USA). A one-way analysis of Variance (ANOVA<0.05) was used to calculate and compare 

the data. Duncan’s test was used in multiple comparisons to assess the differences between 

treatment means at a 95% confidence level. Comparison of differences between groups after 

the 4-week herbal dietary feeding experiment and after infection was performed using the 

Independent-Sample t-Test. Statistical significance of the differences requires that the p 

values are less than 0.05. 

 

CHAPTER 4: RESULTS AND DISCUSSIONS  
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4.1 Results  

4.1.1 Effect of dietary supplementation of herbal extracts on immunological parameters 

of white leg shrimp  

Following the four-week feeding trial, shrimp supplemented with 1% P. urinaria, 1% C. 

quadrangulare, and 1% of a mixture of both P. urinaria and C. quadrangulare Kurz 

(supplement treatments), and no herbal extract (control treatment) were evaluated for non-

specific immune parameters such as THC, granular cell-GC, hyaline cell -HC, PO, and 

immune genes. 

4.1.1 .1 Hematological Parameters  

Total hemocyte count (THC)  

Among the three supplement diets, THC value was obtained at the highest value in PUE 

treatment (1% P. urinaria) (0.068±0.026 x 10
5
 cell/mL), followed by PUE-CQE treatment 

(1% mixture of P. urinaria and C. quadrangulare) (0.059±0.031 x 10
5
 cell/mL), then CQE 

treatment (1% C. quadrangulare) at (0.040±0.021x 10
5 

cell/mL). Notably, the CQE treatment 

(1% C.quadrangulare) exhibited lower THC compared with the control treatment. However, 

there was a significant difference (p<0.05) between 1% P.urinaria treatment and control as 

shown in Table 4.1. 

Among the three supplement diets, HC was obtained at the highest value in PUE treatment 

(1% P. urinaria, followed by PUE-CQE treatment (1% mixture of P. urinaria and C. 

quadrangulare), then CQE treatment (1% C.quadrangulare. However, there was a 

statistically significant difference (p<0.05) between 1% PUE treatment and control as shown 

in Table 4.1. 

Table 4.1: Hematological parameters of L. vannamei after being fed with supplemented diets 

of 1% P. urinaria extracts (PUE),1% C. quadrangulare extracts (CQE),1% mixture of P. 

urinaria and C. quadrangulare extracts (PUE-CQE), and no herbal extracts (control) after 4 

weeks of herbal supplementation (× 10
5 

cell/mL). 

Treatment THC GC HC 

CONTROL 0.042±0.019
a 

0.009±0.005
a 

0.032±0.014
a 

1% PUE 0.068±0.026
b 

0.013±0.008
a 

0.055±0.020
b 
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1% CQE 0.040±0.021
a 

0.007±0.004
a 

0.033±0.017
a 

1% PUE-CQE 0.059±0.031
ab 

0.011±0.006
a 

0.049±0.026
ab 

Values presented as mean ± S.D (n=9). Values on the same column with the same 

superscript ( 
a, ab, b 

) indicate no significant difference p<0.05) 

Differential Hemocyte Count (DHC)  

Among the three supplement diets, the highest value for hyaline cells was recorded highest in 

PUE treatment (1% P. urinaria ) (0.055±0.020 x 10
5
 cell/mL), followed by PUE-CQE 

treatment (1% mixture of P. urinaria and C. quadrangulare) (0.049±0.026 x 10
5
 cell/mL), 

then CQE treatment (1% C. quadrangulare) at (0.033±0.017 x 10
5
 cell/mL). However, there 

was a statistically significant difference (p<0.05) between 1% PUE treatment and control as 

shown in Table 4.1. 

Among the three supplement diets, GC was obtained at the highest value in PUE treatment 

(1% P. urinaria); PUE treatment (1% P. urinaria) (0.013±0.008 x 10
5
 cell/mL), followed by 

PUE-CQE treatment (1% mixture of P. urinaria and C. quadrangulare) (0.011±0.006x 10
5
 

cell/mL), then CQE treatment (1% C. quadrangulare) at (0.007±0.004 x 10
5
 cell/mL). 

Notably, the CQE treatment (1% C. quadrangulare ) exhibited lower GC compared with the 

control treatment (0.009±0.005
 

x 10
5
 cell/mL). However, there were no statistically 

significant differences (p>0.05) among the supplement treatments as shown in Table 4.1. 

4.1.1.2 Immunological parameters 

Phenoloxidase (PO) activity  

The phenoloxidase activity of the shrimp after 4 weeks of dietary herbal supplementation has 

been shown in Table 4.2. The PUE treatment (1% P. urinaria), showed higher PO activity 

(0.081±0.029) compared to the other treatments, followed by a 1% mixture of P. urinaria and 

C. quadrangulare extracts (PUE-CQE) and (0.061±0.021), then 1% C. quadrangulare dietary 

herbal extract (CQE) Notably CQE treatment had a lower PO activity compared with control 

treatment (0.061±0.013) However, the difference was statistically significant (p<0.05) 

between 1% PUE treatment and 1% CQE treatment  
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Table 4.2: PO activity of L. vannamei after being fed with herbal dietary supplementation of 

1% P. urinaria extracts (PUE),1% C. quadrangulare extracts (CQE),1% mixture of P. 

urinaria and C. quadrangulare extracts (PUE-CQE), and no herbal extracts (control) after 4 

weeks. 

Treatment PO (490nm) 

CONTROL 0.061±0.013
ab

 

1% PUE 0.081 ± 0.029
b 

1% CQE 0.056 ± 0.015a
 

1% (PUE -CQE) 0.061 ±0.021
ab 

Values presented as mean ± S.D (n=9). Values on the same column with the same superscript 

( 
a, ab, b

) indicate no significant difference among treatments (p<0.05). 

Immune gene expressions -Lysozyme  

To determine the transcriptional responses of L. vannamei to dietary herbal supplementation 

of P. urinaria, C. quadrangulare, and a mixture of both P. urinaria and C. quadrangulare, 

mRNA expressions of two-immune related genes (Lysozyme and Penaeidin -3) were 

assessed. 

After 4 weeks of dietary herbal supplementation, the mRNA expression of Lysozyme was 

found to be upregulated after herbal dietary supplementation of 1% P. urinaria (PUE) as 

shown in Figure 4.1. Specifically, PUE treatment had higher Lysozyme expression PUE-

(1.508±0.308), than control (1.005±0.126), CQE-(0.581± 0.132), and PUE-CQE 

(0.589±0.110) had lower than control. These expressions were  significantly different 

(p>0.05) 
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Figure 4.1: Relative mRNA expressions of Lysozyme of L. vannamei, after being fed with 

dietary herbal extracts of 1% P. urinaria extracts (PUE),1% C. quadrangulare extracts 

(CQE),1% mixture of P. urinaria and C. quadrangulare extracts (PUE-CQE), and no herbal 

extracts (control) after 4 weeks by RT- PCR. All the samples were normalized using β-actin 

expression as an internal control. Relative levels of lysozyme mRNA were analyzed by the 

2
−ΔΔCt 

method (the Ct value of the Lysozyme gene minus the Ct value of the β-actin gene) 

method. Data are presented as mean) ± S.D (n=9).The same superscript letters (
a,b,c

) indicate 

there was no significant difference among the treatments (p>0.05). 

Immune gene expression -Penaeidin -3 The expression of penaeidin-3 after 4 weeks of 

dietary herbal supplementation was found upregulated in the supplemented treatments; 1% 

CQE-(0.617±0.128) and 1% mixture of PUE-CQE at (0.728±0.208),1%PUE had a slight 

increase of (1.231±0.355) than control (1.002±0.072) and the difference was found to be 

statistically significant (p<0.05), as shown in Figure 4.2. 
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Figure 4.2: Relative mRNA expressions of penaeidin-3 of L.vannamei. Relative mRNA 

expressions of Penaeidin -3 of L. vannamei after being fed with dietary herbal extracts of 1% 

P. urinaria extracts (PUE),1% C. quadrangulare extracts (CQE),1% mixture of P. urinaria 

and C. quadrangulare extracts (PUE-CQE), and no herbal extracts (control) after 4 weeks by 

RT- PCR. All samples were normalized using β-actin expression as an internal control. 

Relative levels of Penaeidin -3 mRNA were analyzed by the 2
−ΔΔCt 

method (the Ct value of 

the Penaeidin -3 gene minus the Ct value of the β-actin gene) method.  Data are presented as 

mean ± S.D (n=9). The same superscript letters (
a,b,c

) indicate there was no significant 

difference among the treatments (p>0.05). After 4 weeks of dietary herbal supplementation 

indicate a significant difference except for 1% CQE treatment and 1% PUE-CQE (p>0.05). 

4.1.2 Effects of dietary supplementation of herbal extracts on disease resistance against 

Vibrio parahaemolyticus in whiteleg shrimp  

The shrimp’s cumulative mortality in the dietary herbal-supplemented treatment of a 1% 

mixture of PUE-CQE was significantly lower compared to the positive control at 43.6% and 

66.7% respectively and the difference was statistically significant (p<0.05). Dietary herbal-

supplemented treatments of 1% CQE and 1% PUE were slightly lower than the positive 

control at 55.6% and 59.5% respectively hence no significant difference (p>0.05). 
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Figure 4.3: Cumulative mortality of L. vannamei challenged with VPH,14 days post-

challenge fed 1% P. urinaria extracts (PUE),1% C. quadrangulare extracts (CQE),1% 

mixture of P. urinaria and C. quadrangulare extracts (PUE-CQE), and no herbal extracts 

(control). 

During the 14 days challenge experiment, shrimps were observed, and recorded the clinical 

signs and sampled for PCR detection of challenged bacteria. The clinical signs observed were 

soft shells, empty gut, and pale color of the hepatopancreas in all treatments immersed with 

bacteria in Figure 4.4A as compared to Figure 4.4B showing healthy shrimp at the end of the 

dietary herbal supplementation experiment period. 

 

A
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Figure 4.4: Signs of the experimental shrimp. A) Shrimp post-infection with VPH, pale, small 

hepatopancreas and empty gut (black arrow); B) Heathy shrimp at the end of the dietary 

herbal supplementation experiment period, gut visible with feed and clear hepatopancreas 

organ. 

The experimental shrimp were also collected and detected for the presence of V. 

parahaemolyticus by PCR method (Figure 4.5). Figure 4.5 showed that the challenge shrimp 

of the supplement treatments (1% PUE; 1% CQE; 1% PUE-CQE) and positive treatment 

(lanes 1, 2, 3, and 4) were detected and obtained a bright positive band for V. 

parahaemolyticus at 230 bp. On the other hand, the negative control shrimp (lane 5) was not 

experimentally infected with V. parahaemolyticus and did not show bright bands. The results 

concluded that the shrimp mortality in the challenge test was caused by V. parahaemolyticus. 

 

 

 

Figure 4.5: PCR results of the challenge test of the experimental shrimp post-infection with 

Vibrio parahaemolyticus. Lane M: DNA marker; and lane 1, 2, 3, 4, 5: shrimp DNA isolated 

from five treatments of the challenge experiments. 

4.2. Discussion  

The application of dietary herbal extracts in aquaculture has been described in various 

studies. Thus, findings proved that herbal extract is effective in the immune response and 

disease resistance of different species of cultured shrimp (Syahidah et al., 2015; Prathomya et 

al., 2019; Santhosh et al., 2023). The present study was designed to determine the effective 
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herbal extracts incorporated in the diets on the health of whiteleg shrimp (L. vannamei) with 

specificity on the use of P. urinaria and C. quadrangulare against V.parahaemolyticus. 

Despite crustaceans like shrimps not possessing a true adaptive immune system, they have 

well-orchestrated innate defense mechanisms based on non-self-recognition which provide a 

non-specific, yet highly effective, response to pathogen invasion, other biotic and abiotic 

stressors (Medzhitov and Janeway, 2000). They highly depend on their cellular and humoral 

components to render protection against invading pathogens (Kulkarni et al., 2021). Cellular 

immune responses include phagocytosis, nodulation, and encapsulation leading to 

melanization and are complemented by humoral responses such as secretion of clotting 

proteins, agglutinins, antimicrobial peptides (AMPs), proteinase inhibitors, and reactive 

intermediates of oxygen or nitrogen. Cellular and humoral immune responses are mainly 

produced by the hemolymph and hemocytes of shrimp (Tassanakajon et al., 2013). 

As part of the immune system, shrimp hemocytes are responsible for inducing a range of 

cellular and humoral responses such as clotting and lysing pathogens as well as wound 

healing. According to the established classification, crustacean hemocytes are differentiated 

as hyaline cells, semi-granular cells (SGCs), and granular cells (GCs) (Lin and Söderhäll, 

2011). Many biomarkers predominantly biochemical and cellular measures such as THC and 

DHC of hemolymph are considered to gauge immunosuppression and immunocompetence in 

shellfish and crustaceans in general. Such measures range from the immune cell (hemocyte) 

counts to enzymic activities and metabolite quantitation (Coates and Söderhäll, 2021). In the 

present study, the THC of shrimp in PUE treatment (1% P.urinaria) and PUE-CQE treatment 

(1%mixture of P. urinaria and C. quadrangulare) was higher than and CQE treatment (1% 

C.quadrangulare) and control treatment. However, the difference was statistically significant 

(p<0.05) between 1% P.urinaria and control treatments. Previous studies show that in L. 

vannamei, an increasing number of (THC and DHC) granular and hyaline cells might be 

caused by the rapid maturation of hemocytes after new cells are discharged to maintain the 

hemocyte pool (Sequeira et al., 1996; Johansson et al., 2000). 

It has also been hypothesized that the decrease in THC is due to changes in shrimp's 

physiological conditions, such as increased susceptibility to bacterial infection (Ford et al., 

1993). Pipe and Cole (1995) reported that a decrease in THC could be caused by cell lysis or an 

increase in cells from hemolymph to tissues. In addition, Söderhäll and Cerenius (1992) stated 

that phagocytosis is thought to be one of the most important mechanisms for cellular defense. 

Granular cells have a crucial role in phagocytosis due to their ability to kill intracellularly 
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(Maftuch et al., 2013). In Hose and Martin (1989), granular hemocytes are capable of 

phagocytosis of foreign material, though the frequency is less than that of smaller hemocytes. 

The percentage increase in a particular compartment can be due to the recruitment of cells from 

non-circulating compartments of the hemolymph, induced cellular proliferation, or rapid 

differentiation in response to antigenic challenge (Aladaileh et al., 2008). Astragalus 

membranaceus, Codonopsis pilosula, and Glycyrrhiza uralensis supplementation improved the 

THC and granulocyte count in L. vannamei (Prathomya et al., 2019). Supplementing shrimp 

with herbal extracts of Boerhaavia diffusa as well produced similar results of improving THC 

and granulocytes (Chithambaran and David,2014), P.amarus (Ngo et al., 2020), P.urinaria and 

T.cattapa enhanced innate immunity and THC in P.vannamei as reported by Isnani et 

al.(2021). White leg shrimp fed with dietary fed with Gynura bicolor extract also enhanced the 

non-specific immune response specifically through an increase in total hemocyte count. A 

study by Abidin et al. (2022) showed Moringa oleifera leaf extract enhanced immune response, 

and resistance against Vibrio alginolyticus and V.parahaemolyticus in whiteleg shrimp 

(Penaeus vannamei) where THC increased too. Syzygium cumini leaf powder enhanced the 

non-specific immunity of L. vannamei (Boone 1921) and defense against a virulent strain of 

Vibrio parahaemolyticus through enhancement of lysozyme and phagocytotic activity (Prabu et 

al., 2018). Dietary supplementation with Salvinia Cucculata increased THC in L. vannamei and 

improved innate immunity against V.parahaemolyticus (Santhosh et al., 2023). Also, Ulva 

lactuta extract increased total hemocyte count (THC) and phagocytic when given to L. 

vannamei (Suleman et al., 2018). 

Invertebrates undergo melanization due to the action of phenoloxidase (PO) which is 

controlled by the phenoloxidase enzyme. The PO enzyme results from the activation of the 

proPO enzyme (Söderhäll and Cerenius, 1992; Johansson and Söderhäll, 1996), which plays 

an important role in the invertebrate immune system in allowing a rapid response to pathogen 

infection (Amparyup et al., 2013).  ProPO activation, induced by pattern-recognition proteins 

(PRPs) that recognize microorganisms, triggers a serine protease cascade, eventually leading 

to the cleavage of the inactive proPO to the active PO that functions to produce the melanin 

and toxic reactive intermediates against invading pathogens ( odr  guez and Le  oullac, 

2000). In this current study, the shrimp fed a 1% P. urinaria dietary herbal extract (PUE) and 

1% mixture of P. urinaria and C. quadrangulare (PUE- CQE) showed higher PO activity 

compared to 1% C. quadrangulare dietary herbal extract (CQE) and control treatment. 

According to Chang et al. (2012), dietary administration of zingerone significantly increased 
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phenoloxidase levels in shrimp increasing their resistance to Vibrio alginolyticus in L. 

vannamei. Also immune, and antioxidant enzyme activities significantly improved in the 

treated groups than the untreated in a study conducted to determine the effects of dietary 

black garlic supplementation in L.vannamei and its resistance to Vibrio parahaemolyticus 

.T.cattapa herbal extract in a dietary feed of shrimp shown increased PO as reported by 

Isnani et al. (2021) in L.vannamei and fish as reported by Yakubu et al. (2020). Similarly, the 

Supplementation of P.amarus extract in a diet was found to enhance the PO activity of 

L.vannamei in two feeding experiments (Ngo et al., 2020). 

This study evaluated the penaeidin-3 and lysozyme transcript regulation in shrimp fed with 

plant immunostimulants from C.quadrangulare and P.urinaria. Past reports on the effect of 

immunostimulant extracted from several plants enhanced lysozyme gene  ( El-Asely et al ., 

2011; Chang et al ., 2012 ) and penaeidin gene expression (Sivagnanavelmurugan et al ., 

2014; Isnani et al., 2021) in cultured shrimps. Lysozyme is an important antibacterial protein 

produced by shrimp hemocytes, within tissues of L. vannamei in response to a pathogen 

challenge (Burge et al., 2007) and it acts as a non-specific innate immunity molecule against 

invading molecules and can hydrolyze bacterial’s cell wall (Prager and Jolles, 1996; Wang et 

al., 2008 ). After 4 weeks of dietary herbal supplementation, the mRNA expression of 

lysozyme was found to be upregulated after herbal dietary supplementation of 1% P. urinaria 

extracts (PUE), while 1% C. quadrangulare (CQE), and 1% mixture of both P. urinaria and 

C. quadrangulare was downregulated. Upregulated lysozyme gene expression was reported 

in red swamp crayfish (Procambarus clarkii) after being fed with dietary glycyrrhizic acid 

(Liu et al., 2021). Lysozyme levels were found to be significantly higher in L. vannamei after 

feeding on diets supplemented with Indian ginseng (Withania somnifera), which improved 

immune responses and disease resistance(Abdel-Tawwab et al., 2022). Dietary administration 

of Gynura bicolor water extract enhanced immune response by increasing lysozyme among 

other immune parameters against Vibrio alginolyticus and white spot syndrome virus in L. 

vannamei (Wu et al., 2015). Moreover, penaeidins are members of antimicrobial peptides 

originally isolated from Litopenaeus vannamei hemolymph. They are present in a stored form 

in the granulocytes and secreted after microbial stimulation (Song and Li, 2014). The 

penaeidin gene is associated with local defense from the release of hemocytes and binds to 

cuticle surfaces of the shrimp by directing granulocyte migration towards the inflammatory 

foci which assists in the inflammatory responses (Destoumieux et al., 2000) and they are also 

involved in the wound-healing process. penaeidin-positive granulocytes are functionally 
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similar to vertebrate neutrophils and are also the subtype of hemocytes that appear first in the 

wound tissue and release AMPs (Song and Li, 2014). After 4 weeks of dietary herbal 

supplementation, the expression of penaeidin-3 was found slightly upregulated in treatment 

1%PUE compared to the other treatments, with no statistical significance. The upregulation 

of the penaeidin -3 gene in response to immunostimulant takes up the tank of energy and 

transcriptional machinery in hemocytes (Wang et al., 2008).In which the upregulation of this 

gene might cause resource competition with other genes in expression and result in slowing 

down and stopping the transcription of the other genes that appears the downregulation of the 

gene. Abdel et al. (2021) recorded an upregulated relative expression of panaeidin -4 in all 

treatments that were supplemented with Sargassum polycystum and nucleotides fed to 

L.vannamei. A study by Trejo-Flores et al. (2018) reported that mRNA expression of the 

Panaeidin 4 gene was significantly upregulated at 6hr and 12 hr after P.vannamei was fed 

Aloe vera. Yu-Ping-Feng polysaccharides (YPS) upregulated the penaeidin gene significantly 

in a study done by Su et al. (2020) on the immune response, intestinal microbiota, disease 

resistance, and growth performance of L. vannamei. In another study by Isnani et al. (2021), 

the expression of penaeidin-3 was upregulated in the supplemented treatments of P.urinaria 

and T.catappa compared to P.vannamei. Apple cider vinegar and propionic acid upregulated 

lysozyme and penaeidin -3 in L. vannamei in a study done by Pourmozaffar et al. (2017). 

Under the attack of pathogens, aquatic animals with a good immune performance show low 

cumulative mortality and it has also been demonstrated that many natural herbs or their 

extracts can be used as prospective immunostimulants against pathogen infection in 

aquaculture (Huang et al., 2018). According to Andrino et al. (2012), survival after a 

challenge with certain pathogens is usually considered a measure of disease resistance. VP 

strains have different virulence as some of them are less virulent strains and do not induce 

100% mortality, and mortality rates also rise more slowly than they do for the more virulent 

strains (Soto-Rodriguez et al., 2015). Also, the pathological signs recorded from infected 

shrimp are similar pathological signs as those recorded by Soto-Rodriguez et al. (2015) 

which include lethargy, empty gut, pale and aqueous hepatopancreas, expanded 

chromatophores, and erratic swimming (Hong et al., 2016). Additionally, environmental 

suppression by exposure to high concentrations of nitrite and ammonia inhibits the immune 

responses of P. vannamei and increases their susceptibility to V. parahaemolyticus, 

eventually leading to increased mortality (Ge et al. 2014). After the feed diet experiment 

shrimp were challenged with V.parahaemolyticus and observed for the mortality rate, the 
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positive control experiment showed the highest mortality of 66.7%, CQE -59.5%, PUE-

55.6%, PUE-CQE-43.6%. This means the survival rate of the negative control was the 

highest at 75.6%, while the survival rate of the positive control experiment was the lowest at 

33.3%. This illustrates that all the herbal treatments lowered the susceptibility and increased 

protection against VPH compared to the positive control. The positive control having the 

highest mortality compared with the supplemented diets depicts that the immunological 

parameters reduced their defense ability after some time. Additionally, P. urinaria crude 

extract has a slight effect on growth promotion, but it does not affect to increment in the 

survival rate of Pacific white shrimp as reported by Charoendat et al. (2019). Results from 

Isnani et al. (2021) showed a slightly higher survival rate after dietary supplementation with 

P. urinaria compared to the positive control after challenge infection with WSSV. In a study 

done to analyze antioxidant, and antibacterial activities of ethanol extract from Combretum 

quadrangulare collected in Vietnam, it was reported that Combretum quadrangulare Kurz 

contains bioactive compounds such as alkaloids, flavonoids, steroids, and triterpenoids, 

tannins, and phenolics. In addition to that, the extract from Combretum quadrangulare Kurz 

also can fight against the bacteria causing diseases in aquatic animals such as Edwardsiella 

ictaluri, Aeromonas hydrophila, and Streptococcus agalactiae (Men et al., 2022). A study by 

Tran et al . (2021) reported that C. quadrangulare methanol extracts possess a significantly 

strong and broad spectrum of antimicrobial activity against the three bacterial pathogens such 

as E. ictaluri, A. hydrophila, and S. agalactiae and recommended the plant for further 

research to use in combating fish bacterial diseases. From this study, the use of mixed dietary 

herbal extracts of PUE-CQE, increased the cumulative survival rate to 56.4%, higher than P. 

urinaria at 44.4 % and C.quadrangulare at 40.5%. 

The present study has shown that incorporating P. urinaria and C. quadrangulare extracts in 

the diet was able to increase THC, DHC, expression of lysozyme and penaeidin-3, and 

resistance of L.vannamei against VPH. These findings might pave way for discovering 

potential uses of C. quadrangulare in aquaculture. These findings may also help in 

identifying the best type of P.urinaria plant to use, the green-stemmed or the purple red -

stemmed. The findings may also help in developing a mixed PUE-CQE cheap, organic, safe, 

and readily available antiviral drug against VPH to prevent massive fatalities as well as huge 

losses witnessed when an outbreak occurs in the shrimp aquaculture industry. 

CHAPTER 5:CONCLUSION AND RECOMMENDATIONS 
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5.1 Conclusion 

The present study demonstrates dietary herbal supplementation of Litopenaeus vannamei 

with P. urinaria and C. quadrangulare can enhance innate immunity. Several hematological 

and immunological parameters were increased such as THC ( for 1%PUE and 1% PUE-

CQE), HC (for 1%PUE and 1% PUE - CQE), expression of lysozyme (for 1% PUE) and 

penaeidin-3 (for 1%PUE), and resistance of L. vannamei against bacteria, 

V.parahaemolyticus. 

In summary, the results indicate that 1% of a mixture of P.urinaria and C.quadrangulare 

dietary herbal extracts have beneficial impacts on disease resistance in whiteleg shrimp 

(Litopenaeus vannamei) against V.parahaemolyticus. 

5.2 Recommendations 

The utilization of P. urinaria and C. quadrangulare extracts as sources of immunostimulant 

in disease prevention in shrimp culture. 

Further studies need to be done on methanolic (C. quadrangulare and P.urinaria) extracts to 

determine their antibacterial activity against other disease-resistant pathogens in shrimp. 

A comparative study to determine P.urinaria subspecies with a better performance against 

V.parahaemolyticus between the green stem plant and the purple-red plant. 
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