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A B S T R A C T                                                                                                                                       A R T I C L E   I N F O 

 
This study assessed the impact of dietary Myristica fragrans (MF) extract on the 

growth, immune function, body composition, and disease resistance in juvenile 

prawn Macrobrachium rosenbergii. Fifteen prawns (2.1 ± 0.25 g) in each tank 

were given either a control diet or diets with 0.025% (T1) or 0.05% (T2) MF 

extract. Each treatment was done in three tanks (total n = 135 prawns) and the 

prawns were fed 5% of their body weight every day for eight weeks. Vibrio 

parahaemolyticus (106 CFU/mL) was used to challenge M. rosenbergii after the 

feeding experiment, and they were observed for 14 days post challenge. Prawns 

fed the T1 diet showed significantly improved growth performance (FW, AWG, 

SGR, PER, and FCR), higher protein and ash content, and elevated digestive 

enzyme activities (amylase and protease) compared to the control and T2 groups. 

Immune parameters (THC, HCT, RB, proPO, SOD, and superoxide anion 

generation) exhibited a significant elevation in the MF-supplemented groups, both 

prior to and following bacterial exposure. Post-infection, T1 had the highest 

survival (86.4%), T2 reached 72.85%, and the control suffered complete mortality 

(100%) by day 14. These findings indicate a dose-dependent response, with the 

lower inclusion level (0.025%) being more effective than the higher dose. This 

study provides preliminary evidence for the optimized use of MF extract in 

enhancing growth and innate immunity of M. rosenbergii under Vibrio challenge 

conditions. However, its application as a replacement for synthetic additives 

requires further validation. 
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Introduction 

Aquaculture plays a crucial role in the global food 

landscape, bolstering food security, sustaining 

livelihoods, and aiding economic growth. Bangladesh 

stands out as a prominent player in aquaculture, exporting 

fish, shrimp, and various aquatic products, which play a 

prominent role in enhancing nutritional health and driving 

economic development (Haque et al., 2025; Salam et al., 

2025). FAO (2024) reports showed that worldwide 

aquaculture production touched a new record of 130.9 

million tonnes in 2022, valued at USD 312.8 billion, 

highlighting the industry's expanding contribution to the 

world's animal protein needs. Over half of Bangladesh's 

total fish output for both domestic and export markets 

come from inland fisheries, which include capture and  

 

culture-based systems (Chakraborty, 2021; 

Shamsuzzaman et al., 2020). Of the many species raised, 

M. rosenbergii, the giant freshwater prawn, has become 

well-known because of its nutritional value, economic 

viability, and adaptability to polyculture methods. Due to 

its tropical climate and abundant water supplies, 

Bangladesh has one of the best suitable environments for 

M. rosenbergii culture in the world, and this culture 

creates employment in rural areas. Nowadays, this is the 

country's second-largest source of foreign currency 

earnings, behind the ready-made clothing industry 

(Ahmed et al., 2008, 2010, 2018). 
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However, crustaceans are more vulnerable to infectious 

illnesses than vertebrates since they only have innate 

defenses and lack adaptive immunity (Ghosh et al., 

2021). The emergence and spread of opportunistic 

pathogens, especially Gram-negative bacteria like Vibrio 

parahaemolyticus, a known cause of gastrointestinal 

disorders in humans and systemic infections in aquatic 

species, have been aided by intensified farming practices, 

careless antibiotic use, and inadequate biosecurity 

measures (Wang et al., 2024; Das et al., 2009). In 

crustacean aquaculture, Vibrio spp. are among the most 

critical pathogens responsible for mass mortality events, 

leading to severe economic losses in M. rosenbergii 

farming systems through septicemia, hepatopancreatic 

damage, and immune suppression (Manchanayake et al., 

2023; Valente and Wan, 2021; Rao et al., 2015). Such 

infections' survival poses issues with public health and 

antibiotic resistance in addition to compromising output 

and profitability (Ina-Salwany et al., 2019; Saurabh and 

Sahoo, 2008).  

Despite the fact that antibiotics have long been used 

to control bacterial outbreaks and improve aquaculture 

species' development performance, their abuse has 

resulted in the spread of resistant bacterial strains and 

environmental pollution (Nigam et al., 2014). The world 

is moving toward safer, more environmentally friendly 

alternatives as a result of regulatory restrictions, 

environmental concerns, and rising consumer knowledge. 

The immunostimulant, growth-promoting, and 

antibacterial properties of natural bioactive compounds 

originating from medicinal plants, herbs, and spices are 

being investigated more and more in aquaculture 

(AftabUddin et al., 2018; Defoirdt et al., 2011). Among 

these, the traditionally prized spice and medicinal plant 

nutmeg (Myristica fragrans) has garnered attention 

because of its phytochemical diversity and proven 

pharmacological qualities, such as antibacterial, 

antioxidant, and anti-inflammatory effects (Naeem et al., 

2016; Nikolic et al., 2021; Matulyte et al., 2020). Nutmeg 

contains several bioactive compounds, including 

myristicin, eugenol, safrole, and various phenolic and 

flavonoid constituents (Devi, 2024; Trifan et al., 2023; 

Antasionasti et al., 2021; Ha et al., 2020;). These 

compounds are known to exert antimicrobial effects 

through disruption of bacterial cell membranes, inhibition 

of quorum sensing, and modulation of oxidative stress 

pathways. In addition, these bioactive components may 

also enhance innate immunity by activating the 

prophenoloxidase (proPO) cascade and reactive oxygen 

species (ROS)-mediated defense mechanisms (Kaur et 

al., 2025; Cruz et al., 2024; Trifan et al., 2023; Khairan et 

al., 2023; Ashokkumar et al., 2022; Barman et al., 2021; 

Antasionasti et al., 2021).  In many finfish species, 

including Clarias gariepinus and Cyprinus carpio, 

dietary inclusion of M. fragrans has been linked to better 

growth performance, increased feed consumption, and 

decreased mortality (Morsy, 2016; Lanari et al., 2018).  

However, despite these findings, there remains a lack 

of systematic studies evaluating the dose-dependent 

effects of M. fragrans extract on immune modulation and 

disease resistance in freshwater prawns, particularly 

under Vibrio challenge conditions. Moreover, the 

mechanistic linkage between nutmeg-derived 

phytochemicals and crustacean immune pathways is still 

poorly understood.  Despite these encouraging results, 

there are still few thorough assessments of its potential in 

crab aquaculture, especially when pathogenic stress is 

present. Therefore, the present study hypothesized that 

dietary supplementation with M. fragrans extract would 

enhance growth performance, stimulate innate immune 

responses, and improve resistance against V. 

parahaemolyticus infection in M. rosenbergii in a dose-

dependent manner. The aim of this research is to assess 

the effect of Myristica fragrans (nutmeg) extracts on M. 

rosenbergii's growth performance, immunological 

response, and disease resistance in response to V. 

parahaemolyticus challenge. Additionally, by lowering 

dependency on artificial antimicrobials, the study aims to 

investigate nutmeg's potential as a natural dietary 

supplement to support sustainable aquaculture operations. 

Materials and Methods 

Making of Myristica fragrans ethanolic extract 

Fresh seeds of M. fragrans were obtained from a local 

market (Khulna). The seeds underwent shade drying at 

ambient temperatures ranging from 25 to 30°C until they 

reached a brittle state, signifying that they were fully 

desiccated. After drying, the seeds were processed into a 

fine powder with the help of a blender, resulting in a 

particle size of around 500 µm. A 100 g amount of the 

powdered nutmeg was mixed with ethanol at a solid-to-

solvent ratio of 1:10 (w/v). The blend was kept at room 

temperature (25°C) and subjected to periodic sonication 

(30 min every 6 h) for a total of 24 hours at 40°C to 

improve the solubilization of phytochemicals. The 

resulting slurry underwent vacuum filtration using filter 

paper to isolate the ethanolic extract from the solid 

residues. This filtrate underwent into a rotary evaporator 

(Hahnvapor, Hahnshin, Korea) at 60–70 rpm and 40°C 

for a duration of 20–30 minutes to eliminate the solvent. 

The percentage yield of the extract was calculated as 

(weight of dried extract / initial dry weight of sample) × 

100. The extraction yield (%) was calculated based on 

dry weight and the extract was stored at 4°C in sterile 

containers until further use to prevent photodegradation 

and preserve stability. 

 

Evaluation of the extract's toxicity  

The toxicity of the ethanolic extract was evaluated 

through the Brine Shrimp Lethality Assay (BSLA), a 

well-established preliminary technique for assessing the 

cytotoxic potential of bioactive compounds (Borja et al., 

2016). The experiment was conducted in accordance with 

established protocols, incorporating certain modifications 

to accommodate the unique conditions of the laboratory. 

One gram (1g) Artemia spp. Cysts were incubated in the 

prepared artificial seawater (35 ppt) with continuous 

aeration with maintaining a controlled temperature of 25–

28 °C for a duration of 24 hours. A stock solution 

prepared from the extract was prepared at a concentration 

of 100 mg/mL in dimethyl sulfoxide (DMSO), with two-

fold serial dilution series (spanning from 1:2 to 1:64) was 

established. In the process of toxicity screening, 2 µL 

from each test concentration was introduced into 198 µL 

of artificial seawater within separate wells of a 96-well 



Nasrin et al.                                                                                                         Khulna University Studies Special Issue 7(1):xx-xx:2026 

 

3 

plate with triplicate. The plates were kept at a 

temperature range of 25–28 °C in constant light for a 

duration of 24 hours. Clarkson introduced a toxicity index 

to evaluate and categorize the toxic potential of plant 

extracts (Hamidi et al., 2014). Following the exposure 

period, the count of both surviving and deceased nauplii 

in each well was documented with the aid of a 

stereomicroscope. The formula of calculating mortality 

percentage was: 

“𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 (%) =
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 𝑛𝑎𝑢𝑝𝑎𝑙𝑙𝑖

𝑇𝑜𝑡𝑎𝑙 𝑛𝑎𝑢𝑝𝑎𝑙𝑙𝑖
 × 100” 

Table 1: Toxicity level assessment of Artemia spp. 

exposed to extract-supplemented diets 

 The toxicity index proposed by Clarkson was used to 

classify the toxicity level of the plant extracts (Hamidi et 

al., 2014). The LC50 value of the extract was found to be 

88 ± 9.05 µg/mL, indicating that it falls within the low-

toxicity category (Table 1). 

 

Collection and maintenance of experimental M. 

rosenbergii 

Juvenile M. rosenbergii, with an initial weight of 2.1 ± 

0.25 g, were obtained from a commercial hatchery 

located in Monirampur, Jessore, and were transported to 

the laboratory under aerated conditions. Upon arrival, the 

prawns experienced a careful adjustment period to reduce 

stress and prevent any loss during transport. A 7-day 

acclimatization period was maintained prior to the 

initiation of the feeding trial. To ensure proper 

maintenance, prawns were placed in 80 L tanks, each 

equipped with a 200W submersible heater (RS Electrical) 

and a single air stone to provide continuous aeration. 

Before use, the water underwent UV treatment to reduce 

microbial contamination. Initially, each tank contained 15 

prawns, with extra individuals ready to take the place of 

any that might perish during the 7-day acclimation 

period. Prawns received daily feed at 5–10% of their 

body weight (Sadia et al., 2024), and any uneaten feed 

and waste were siphoned out prior to each feeding 

session. The quality of the water was maintained by daily 

replacing 25% of the tank's water with UV-treated water. 

Environmental parameters were monitored at daily basis 

at a continuous range of temperature (28–31°C), pH (7.8–

8.5), dissolved oxygen (>6 mg/L), salinity (0–1 ppt), and 

ammonia (<0.1 mg/L), ensuring optimal conditions for 

health and experimental consistency (Ghosh et al., 

2024b). All experimental procedures were conducted 

following standard aquaculture animal handling 

guidelines to minimize stress and ensure welfare. 

Experimental design 

Control group (C) and two treatment groups were 

randomly allocated to the prawns, with each treatment 

conducted in triplicate (three replicate tanks per group). 

Randomization was performed using a simple random 

allocation method to ensure unbiased distribution of 

individuals among treatments. As the LC50 value fell 

within the low-toxicity range, the control group was fed a 

basic meal devoid of any supplements including plant 

extracts. The feed supplemented with 0.25g/kg (0.025%) 

of M. fragrans extract was given to Treatment-1 (T1), 

Treatment-2 (T2) got a greater supplementation level of 

0.5g/kg (0.05%) feed. The selected inclusion levels 

(0.025% and 0.05%) were based on preliminary trials and 

previously reported effective ranges of phytogenic 

additives in aquaculture species. The prawns were fed the 

experimental diets for 8 weeks under the assigned 

treatment conditions. An ethanolic extract of M. fragrans 

was incorporated into a nutritionally formulated 

experimental diet containing 33% crude protein, 8% 

crude fat, and 12% moisture, following the methodology 

established by Balasubramanian et al.; (2008a). Initially, 

a predetermined amount of extract was dissolved in 

ethanol, and the resulting solution was uniformly sprayed 

onto the feed to ensure thorough coating and homogenous 

mixing with the feed ingredients. These pellets were 

initially air-dried and subsequently oven-dried at 40°C to 

ensure uniform moisture reduction and stability of the 

bioactive compounds. A control diet, identical in 

nutritional composition but devoid of the extract, was 

also prepared. To prevent rapid leaching of the extract 

upon immersion in water, all diets were coated with a thin 

layer of edible gel, (gelatin-based coating following 

standard aquafeed coating procedures), effectively 

enhancing the retention of active compounds during 

feeding trials. Pellet stability and leaching loss were 

assessed following standard aquafeed evaluation 

protocols.  The stocking density of juvenile prawns was 

15 per tank and observed for 14 days after the challenge 

and given an intramuscular injection of 100 µL of V. 

parahaemolyticus (106 CFU/mL in PBS; Ghosh et al., 

2024b) into the dorso-lateral area of the third abdominal 

segment after 8 weeks of feeding trial. The bacterial 

challenge dose (10⁶ CFU/mL) was selected based on 

preliminary trials to induce sub-lethal infection and allow 

comparative evaluation of survival across treatments 

(approximate LD₅₀ range). Infection was confirmed based 

on clinical signs and cumulative mortality patterns 

following bacterial challenge. A sterile intraperitoneal 

injection of phosphate-buffered saline (PBS) was 

administered to one group for making negative control. 

Before the bacterial challenge, growth performance 

metrics (feed conversion ratio, weight increase, and 

specific growth rate) were evaluated. Immune responses, 

such as hemolymph clotting time (HCT), respiratory 

bursts (RBs), prophenoloxidase (proPO), superoxide 

dismutase (SOD) activity, total haemocyte count (THC), 

and superoxide anion generation, were measured both 

before and after exposure to the V. parahaemolyticus. 

Growth measurement 

At the end of the 8-week feeding trial and prior to the 

bacterial challenge, growth performance metrics were 

Effective toxic concentration range 

(LC50) 

Toxicological 

category 

>1000 μg/ml Non-Toxic 

500 - 1000 μg/ml Low toxic 

100 - 500 μg/ml Medium toxic 

0 - 100 μg/ml Highly toxic 
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recorded, and key parameters were analyzed. To assess 

how well the diet was used, additional measures such as 

the feed conversion ratio (FCR) and protein efficiency 

ratio (PER) were determined. 

According to Ahmmed et al., 2025; the formulae are as 

follows; 

“Average weight gain (AWG, g) = 𝑊𝑡 − 𝑊0 

Individual growth rate (GR, g day-1) =
𝑊𝑡−𝑊0

56
 

Specific growth rate (SGR, % day-1) = 100 ×
ln 𝑊𝑡−ln 𝑊0

56
 

where 𝑊𝑡and 𝑊0denote the final and initial mean body 

weights (g), respectively. 

Feed conversion ratio (FCR) =  
Feed intake (g)

Weight gain (g)
 

Protein efficiency ratio (PER) =
Weight gain (g)

Protein intake (g)
 

Survival rate (SR, %): = 100 ×
Final prawn count

Initial prawn count
” 

Preparation of bacterial inoculums 

Targeted pathogen (V. parahaemolyticus) was collected 

from Shrimp Research Station at the Fisheries Research 

Institute in Bagerhat, Bangladesh. Pathogen was then 

cultivated on TCBS agar plates for 18–24 hours at a 

temperature of 37°C (Morris et al., 1976). A colony was 

subsequently collected and cultivated in a nutrient broth 

with 2% NaCl. The concentration of bacteria was 

assessed using the OD value of 600 nm absorbance via a 

spectrophotometer, resulting in a measurement of 6 × 108 

CFU/mL (Peng et al., 2016). The bacterial suspension 

was adjusted to a concentration of 1 × 106 CFU/mL in 

PBS for use in the experimental challenge. The selected 

bacterial concentration was validated based on 

preliminary pathogenicity testing to ensure 

reproducibility of infection. For the experimental 

infection, each prawn was injected into the third 

abdominal segment with a 100 µL aliquot of the prepared 

bacterial suspension using a sterile 1 mL insulin syringe 

equipped with a 26-gauge needle (Ahmmed et al., 2025; 

Karnjana et al., 2019). 

 

Immune parameters test 

All immune assays were performed in triplicate to ensure 

reproducibility, and both intra- and inter-assay variations 

were minimized by maintaining identical experimental 

conditions. 

 

Procedure of assessing total haemocyte count (THC) 

A volume of 100 µL of haemolymph was obtained using 

a 26-gauge needle attached to a 1 mL pipette that was 

preloaded with an anticoagulant (Sadia et al., 2024). To 

conduct an immediate assessment, the hemolymph was 

diluted in a 1:1 ratio by combining 100 µL of 

anticoagulant with 100 µL of the collected sample. A 

single drop of Rose Bengal staining reagent was added to 

a 20 µL aliquot of the diluted mixture. A small amount of 

this stained solution was then meticulously placed onto a 

hemocytometer (Precicolor HBG, Germany), covered 

with a cover slip, and analyzed under a microscope 

(Labomed, USA) for the purpose of cell counting. The 

THC along with the corresponding dilution factor (Dcf) 

were calculated using the formulas according to Biswas 

et al. (2023). The THC was determined using a Neubauer 

hemocytometer and calculated according to the following 

formula: 

“𝑇𝐻𝐶 = (
𝐴+𝐵+𝐶+𝐷

4
) × 104 × 𝐷𝑐𝑓” 

 

Where A, B, C, and D represent the counts of hemocytes 

in four separate blocks of the hemocytometer, and Dcf is 

the dilution correction factor, calculated as: 

“𝐷𝑐𝑓 =
Volume of anticoagulant + Volume of hemolymph

Volume of hemolymph
” 

 

Determination of hemolymph clotting time (HCT) 

According to (Liu et al., 2019; Ahmmed et al., 2025),100 

μL of hemolymph was extracted and immediately put 

into a 1.5 mL microcentrifuge tube that had been frozen 

to 4°C.  A 25 μL aliquot of the cooled hemolymph was 

carefully transferred into a sterile glass capillary tube 

using a calibrated micropipette under aseptic conditions. 

The vertical orientation of the capillary tube allowed the 

hemolymph to migrate from the upper to the lower end 

due to gravity.  To reverse the direction of flow, the tube 

was vertically inverted each time when the liquid reached 

the bottom end. The clotting time is the amount of time 

that has passed between initial loading and coagulation. 

 

Procedure of assessing prophenoloxidase (ProPO) 

Hemolymph samples were collected from experimental 

prawns in a 1:1 ratio with an anticoagulant solution. 

Following the protocol adapted from Zhu et al. (2019), 

the samples were centrifuged at 700 × g for 10 minutes at 

5 °C using a pH 7 buffer. The supernatant was carefully 

removed, and the resulting cell pellet was gently washed 

and resuspended in cacodylate buffer. An equal volume 

of zymosan suspension was added to the hemocyte 

suspension, followed by incubation at room temperature 

for 1 hour (Ahmmed et al., 2025). After incubation, the 

mixture was centrifuged for 5 minutes at 700 × g, and 

60 µL of the supernatant was transferred to individual 

wells of a microtiter plate. Subsequently, 25 µL of L-

DOPA solution (4 mg/mL in cacodylate buffer) was 

added to each well. After a reaction period of 10 minutes, 

300 µL of cacodylate buffer was added to halt the 

reaction. Optical density was measured at 490 nm using a 

microplate reader (Multiskan GO, Thermo Scientific, 

Porto, Portugal). 

 

Assessment of respiratory burst activity 

A 100 μL aliquot of prawn hemolymph was combined 

with 300 μL of anticoagulant solution and incubated at 

room temperature for 30 minutes, following the 

procedure described by Munaeni et al. (2020). The cell 

suspension was centrifuged at 3,000 × g for 20 min. The 

supernatant was discarded, and the resulting cell pellet 

was resuspended in 100 μL of nitroblue tetrazolium 

(NBT) solution (0.3% NBT in Hank’s Balanced Salt
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Solution supplemented with 10 mM CaCl2, 3 mM MgCl2, 

and 5 mM MgSO4). The final pellet was solubilized in a 

mixture of 140 μL dimethyl sulfoxide (DMSO) and 

120 μL of 2 M potassium hydroxide (KOH). The optical 

density of the solution was measured at 630 nm using a 

microplate reader to assess the reduction of NBT. 

 

Measurement of superoxide dismutase enzyme 

activity  

A modified methodology based on Creative BioMart's kit 

(EC 1.15.1.1) was used to quantify SOD activity, using 

techniques from Leela et al., (2025). Solutions A (Tris-

EDTA buffer) and B (0.2 mM pyrogallol) were used in 

the experiment to assess the enzyme's ability to prevent 

pyrogallol autoxidation. Using a UV spectrophotometer, 

absorbance changes were observed at 325 nm. SOD 

activity was calculated by 50% suppression of pyrogallol 

autoxidation at 30 ± 2°C. The activity of superoxide 

dismutase (SOD) was calculated using the following 

equation: 

“SOD activity (U mg
−1

) =
(Δ𝐴325,blank−Δ𝐴325,sample)/Δ𝐴325,blank×100%

50%
× 𝑅 ×

𝐷

𝑉
×

𝑉1

𝑚
 

Where: 

 Δ𝐴325,blank= autoxidation rate of the blank, 

 Δ𝐴325,sample= autoxidation rate of the sample, 

 𝑉= volume of the sample, 

 𝐷= dilution factor, 

 𝑉1= total volume of the sample, 

 𝑚= weight of the solid sample, 

 𝑅= volume of the reaction mixture (4.5 mL).” 

Proximate composition assessment  

Estimation of protein content 

The three essential phases of the classic micro-Kjeldahl 

method, digestion, distillation, and titration; were used to 

assess the crude protein concentration. According to 

Abdissa et al. (2025), crude protein was calculated by 

multiplying the total nitrogen content obtained from this 

process by a conversion factor of 6.25. The findings were 

then represented on a dry weight basis. Following 

Ahmmed et al. (2025), the amount of gross nitrogen was 

determined using the following formula: 

“% of total N = 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐻𝑐𝑙 ×0.014×𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝐻𝑐𝑙

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔𝑚)
 

% of Crude protein = % N×6.25” 

Measurement of Crude Lipid Levels 

A modified Folch technique, the crude lipid content was 

ascertained by solvent extraction using a mixture of 

methanol and chloroform solution at1:2 (v/v) ratio. The 

percentage of lipid content was determined using the 

following formula: 

“% of lipid = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒
× 100” 

Determination of ash content 

To guarantee full combustion of organic materials, the 

crucibles holding the samples were put in a muffle 

furnace and burned for eight hours at 550°C. The 

crucibles were heated, then carefully moved to a 

desiccator to cool to room temperature. The crucible and 

any remaining ash were weighed after cooling, and the 

weight of the empty crucible was deducted from this 

figure to calculate the amount of ash present. The 

percentage of ash levels was determined using the 

following formula. 

“% of ash content=  

Weight of crucible PLus sample after ashing‐ Empty Weight of Crucible 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑎𝑠ℎ𝑖𝑛𝑔

× 100” 

Assay for digestive enzyme activity  

According to Ahmmed et al. (2025), the digestive tract 

and hepatopancreas of M. rosenbergii were homogenized 

in a beaker with ice-cold distilled water at a ratio of 1:2 

(w/v). The homogenate was centrifuged at 9,300 × g for 

20 min at 4°C, and the resulting supernatant was 

collected as the crude enzyme extract. The crude enzyme 

was stored at −80°C for future use. 

Determination of protease activity 

Furné et al. (2005) detailed the technique of casein 

hydrolysis, utilizing casein as the substrate to evaluate 

protease activity. The reaction mixture consisted of 100 

µL of crude enzyme extract, 250 µL of 0.1 M glycine-

NaOH buffer (pH 10), and 250 µL of 1% (w/v) casein. 

The mixture was incubated for one hour at 37°C to 

promote enzymatic digestion. A standard curve was 

established using known tyrosine concentrations to 

express protease activity. A single unit refers to the 

amount of enzyme that, when tested under specific 

conditions, produces one µg of tyrosine each minute. 

Determination of amylase activity 

The assessment of amylase activity was conducted using 

the method outlined by Sahandi et al. (2025), which relies 

on the enzymatic hydrolysis of starch and the resulting 

decrease in absorbance of the starch-buffer solution. 

Following the incubation period, the absorbance of the 

reaction mixture was assessed at a wavelength of 600 nm. 

A standard curve was created utilizing known 

concentrations of maltose (Muralisankar et al., 2014).  

Statistical analysis 

All data are presented as mean ± standard deviation (SD). 

The normality of the data was evaluated using the 

Shapiro-Wilk test. Statistical analyses were performed 

using SPSS software (Version 30). Differences among 

treatment groups were assessed by one-way analysis of 

variance (ANOVA), followed by Tukey’s post hoc test 

for multiple comparisons. Paired comparisons between 

pre- and post-challenge conditions were evaluated using 

Student’s t-test. Differences were considered statistically 

significant at p < 0.05. 
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Results  

Effect of Nutmeg extract on the growth performance 

of prawn 

Following an 8-week feeding trial, the addition of nutmeg 

extract to the prawn diet resulted in significant variations 

in growth performance, feed utilization, and survival rates 

across the treatment groups. Each group began with 

comparable starting weights. Nonetheless, prawns in T1 

showed a marked improvement in final weight, weight 

gain, and specific growth rate when compared to the 

control and T2 groups (p < 0.05). The feed conversion 

ratio and protein efficiency ratio were notably more 

advantageous in T1, indicating enhanced feed utilization 

efficiency. While T2 demonstrated some moderate 

enhancements compared to the control in certain 

parameters, the effects were not as significant as those 

seen in T1. Furthermore, survival rates were greatest in 

T1, with T2 following closely, as both surpassed the 

control group. The results indicate that using nutmeg 

extract in the diet, especially in T1, can significantly 

enhance growth, improve feed efficiency, and increase 

survival rates in prawns. 

 

Immunomodulatory effects of M. fragrans extract in 

freshwater prawns 

Total haemocyte count (THC) 

A consistent enhancement in THC was observed in the 

groups supplemented with nutmeg extract when 

compared to the control (Figure 1; p < 0.05). At both the 

4th and 8th weeks prior to challenge, the low-dose 

treatment (T1) exhibited significantly higher THC values 

(p < 0.05). The high dose group (T2) also showed 

increased THC, though to a slightly lesser extent. Post-

challenge, THC levels remained elevated in both 

treatment groups relative to the control, suggesting a 

sustained immune response. The low-dose group 

continued to outperform the high-dose and control 

groups, highlighting its potential to enhance innate 

immunity in M. rosenbergii.  

  

Table 2: Impact of nutmeg diet on the growth, feed efficiency, and survival rates of prawns following an 8-week feeding 

trial 

Observed parameters Control 

(Mean ± SD) 

T1 

(Mean ± SD) 

T2 

(Mean ± SD) 

Baseline body weight (g) 2.1± 0.25a 2.1± 0.25a 2.1± 0.25a 

Terminal body weight (g) 4.4±0.5a 5.5±0.7b 4.6±0.4a 

Net body weight (g) 2.3±0.17a 3.5±0.05b 2.5±0.15a 

Specific growth rate (% day⁻¹) 1.36±0.07a 1.78±0.02b 1.44±0.06a 

Feed conversion ratio 4.1±0.02a 2.1±0.14b 3.1±0.01c 

Protein efficiency ratio 0.79±0.00a 1.52±0.10b 1.02±0.00c 

Survivability Rate (%) 70±4.7 90.0±9.4 83.3±4.7 

(At the 5% level of significance, groups labeled with different superscripts are considered significantly different, with T1 

and T2 representing Treatment 1 and Treatment 2, respective
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Figure 1: Influence of feeding M. rosenbergii with 

extract-supplemented diets on THC assessed prior to and 

following exposure to V. parahaemolyticus 

(At the 5% level of significance, groups labeled with 

different superscripts are considered significantly 

different, with T1 and T2 representing Treatment 1 and 

Treatment 2, respectively) 

 

Haemolymph clotting time (HCT) 

The study revealed a significant decrease in clotting time 

for prawns that were given diets supplemented with 

nutmeg extract, in contrast to the control group (Figure 2; 

p < 0.05). During the 4th and 8th weeks, the treatment 

showed significantly reduced clotting times, suggesting 

an improvement in hemolymph coagulation activity. The 

decrease was more significant in the low-dose group (T1), 

especially at the initial time point. After the challenge, the 

control group showed a significant reduction in clotting 

time, while the groups that received the extract exhibited 

fairly consistent responses.  

 

Figure 2: Comparison of HCT values in extract-

supplemented and control M. rosenbergii under pre- and 

post-challenge conditions with Vibrio parahaemolyticus 

(Groups labeled with different superscripts are 

considered significantly different, with T1 and T2 

indicating Treatment 1 and Treatment 2, respectively) 

Prophenoloxidase (proPO) activity 

Figure 3 illustrates the Prophenoloxidase (ProPO) activity 

in M. rosenbergii that were given extract-supplemented 

diets compared to control groups, both prior to and 

following the challenge with V. parahaemolyticus (p < 

0.05). A significant rise in ProPO activity was noted in 

the extract-fed groups when compared to the control. The 

greatest activity was observed in prawns that were given 

the T1 diet, which included a 0.025% extract 

supplementation. While there was no remarkable 

difference observed between T1 and T2, both treatments 

demonstrated significantly elevated ProPO values 

compared to the control (p < 0.05). 

 

Figure 3: proPO response in M. rosenbergii fed extract-

supplemented diets prior to and following bacterial 

challenge 

 

(Groups labeled with different superscripts are 

considered significantly different (5% significance level), 

with T1 and T2 representing Treatment 1 and Treatment 

2, respectively) 

 

Respiratory burst (RBs) activity  

Figure 4 illustrates the respiratory burst (RB) activity of 

M. rosenbergii that were fed diets supplemented with 

extracts, alongside control groups, both prior to and 

following the challenge with V. parahaemolyticus. The 

groups that received the extract (T1 and T2) showed 

increased RB activity when compared to the control, both 

before and after the challenge conditions. The control 

group exhibited the lowest RB values, whereas T1 

displayed the highest activity, both prior to and following 

the challenge. A statistically significant difference (p < 

0.05) was observed among all groups. 
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Figure 4: Respiratory burst activity in M. rosenbergii fed 

extract-treated diets: comparison before and after 

pathogen exposure 

 

(Groups labeled with different superscripts are 

considered significantly different, with T1 and T2 

representing Treatment 1 and Treatment 2, respectively) 

 

Superoxide anion generation 

Figure 5 illustrates the levels of superoxide anion 

production in M. rosenbergii that received diets enhanced 

with extracts at various ratios, compared to control 

groups, both before and after the challenge with V. 

parahaemolyticus. The control group exhibited lower 

superoxide levels when compared to the treated groups. 

Between the two treated groups, T1 (0.025% extract) 

demonstrated the most notable superoxide anion activity 

both prior to and following the challenge when compared 

to T2 (0.05%). A notable difference was found among all 

groups, with statistical significance (p < 0.05). 

 

Figure 5: Evaluation of superoxide anion activity in M. 

rosenbergii fed extract-supplemented diets compared to 

controls before and after V. parahaemolyticus exposure 

 

(Groups labeled with different superscripts are 

considered significantly different, with T1 and T2 

representing Treatment 1 and Treatment 2, respectively) 

Superoxide dismutase (SOD) activity  

Figure 6 illustrates the activity of SOD in M. rosenbergii 

that received diets supplemented with M. fragrans extract 

(T1: 0.025%; T2: 0.05%), in comparison to the control 

groups, both prior to and after the challenge with V. 

parahaemolyticus. Before the challenge, SOD activity 

was significantly elevated in the extract-treated groups 

when compared to the control (p < 0.05), suggesting a 

strengthened antioxidant defense mechanism.  After 

exposure to the pathogen, both treatment groups showed 

a significant rise in SOD activity in comparison to the 

control.  Interestingly, the activity of SOD decreased in 

the control group after the challenge, indicating a possible 

oxidative stress burden. The prawn group that was 

administered a lower dose of extract (T1 group) exhibited 

higher values when compared to the higher dose of 

extract (T2 group) and the control group. 

 
Figure 6: Influence of dietary extract on Superoxide 

Dismutase (SOD) enzyme activity in M. rosenbergii 

before and after Vibrio parahaemolyticus exposure 

(Different superscripts are considered significantly 

different, with T1 and T2 representing Treatment 1 and 

Treatment 2, respectively) 

 

Impact of dietary extracts on the enzyme activity of 

prawn 

 

Digestive amylase response 

The results indicated that (T1) exhibited the highest 

enzymatic activity, with (T2) and the control group 

trailing closely behind. T2 exhibited an increased level of 

enzymatic activity in comparison to the control, although 

it was not as pronounced as that of T1. Despite the 

numerical discrepancies observed, the statistical analysis 

revealed no significant difference (p > 0.05) in amylase 

activity among the control, T1, and T2 groups.  
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Figure 7: Influence of treatments on the activity of 

amylase enzyme 

(Groups labeled with different superscripts are 

considered significantly different, with T1 and T2 

representing Treatment 1 and Treatment 2, respectively) 

 

Protease enzymatic response 

The findings demonstrate that protease activity exhibited 

a significant treatment effect, with prawns receiving 

0.025% extract (T1) showing the highest level of 

enzymatic activity (p < 0.05, Figure 8). Both T1 and T2 

groups showed significantly higher protease activity 

compared to the control group, indicating a positive effect 

of dietary supplementation. However, no statistically 

significant difference was observed between T1 and T2 

(p > 0.05), suggesting a similar response at both inclusion 

levels. 

Figure 8: Influence on enzymatic protease function 

(Groups labeled with different superscripts are 

considered significantly different, with T1 and T2 

representing Treatment 1 and Treatment 2, respectively) 

 

Impact of M. fragrans extract on proximate 

composition of M. rosenbergii 

The analysis of prawn muscle tissue after 8 weeks of 

dietary supplementation with varying levels of Myristica 

fragrans (nutmeg) extract showed notable differences in 

protein and ash content, whereas lipid levels did not 

exhibit any significant changes across the treatments. The 

dietary treatments had a significant impact on protein 

content. The T1 group (0.025%) showed the highest 

protein concentration; significantly surpassing that of 

both the control and T2 (0.05%) groups. Interestingly, the 

T2 group exhibited a slight increase compared to the 

control; however, this value was significantly lower than 

that of the T1 group.  
 

Table 3: Modulation of M. rosenbergii nutritional profile 

by M. fragrans extract 

Treatments Protein (%) Lipid (%) Ash (%) 

Control 18.07±0.09a 2.00±0.03a 3.13±0.03a 

T1 20.0±0.057b 2.01±0.02a 3.42±0.05b 

T2 18.6±0.092c 2.02±0.035a 3.31±0.03b 

(At the 5% level of significance, groups labeled with different 

superscripts are considered significantly different, with T1 and 

T2 representing Treatment 1 and Treatment 2, respectively) 

This indicates a non-linear response to increasing extract 

concentration and suggests that an optimal dose of 

0.025% is effective for promoting protein accretion. The 

lipid content was stable across all groups, showing no 

significant differences (p > 0.05), which suggests that the 

addition of nutmeg extract did not affect lipid deposition 

in muscle tissue. Ash content demonstrated a notable 

increase in both T1 and T2 groups when compared to the 

control (p < 0.05). Nonetheless, there was no notable 

difference between T1 and T2, suggesting that the extract 

supplementation, irrespective of concentration, had a 

beneficial effect on mineral accumulation. 

 

Post-challenge survival performance of prawns after 

infection with Vibrio parahaemolyticus 

The survivability trends observed post-pathogen 

challenge reveal distinct differences among the 

experimental groups. The negative control (NC) group 

exhibited consistent and complete survivability 

throughout the entire trial. In contrast, the control group, 

which did not receive any treatment, showed a 

progressive and substantial decline in survivability, with 

mortality increasing steadily from the early days of 

infection and continuing throughout the observation 

period.  

 

Figure 9: Cumulative Survivability of Extract-Fed and 

Control Groups M. rosenbergii following exposure to V. 

parahaemolyticus (T1 = Treatment 1, T2 = Treatment 2) 
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Among the treated groups, T1 exhibited superior 

survivability compared to T2, with only minimal 

reduction over time. T2, while demonstrating a moderate 

protective effect, showed a more noticeable decline in 

survivability than T1 but remained significantly more 

resilient than the untreated control group. Overall, the 

results suggest that both T1 and T2 treatments offered 

protective benefits against pathogen-induced mortality, 

with T1 being more effective in sustaining survivability 

throughout the infection period. 

 

Discussion 

The aquaculture industry is considered as one of the 

fastest-growing and leading sectors globally. Currently, 

the application of natural or feed additives derived from 

medicinal plants or spices is on the rise each day 

(Mahboub et al., 2022; Ahmed et al., 2022; Sula et al., 

2020). Outbreaks of pathogens remain a significant 

challenge for prawn aquaculture, frequently leading to 

considerable economic setbacks. The limited availability 

of approved preventive measures, most of which rely on 

antibiotics, highlights the need for alternative strategies, 

as excessive antibiotic use can have adverse effects on 

both prawn health and the surrounding environment. As a 

result, it is crucial to investigate different approaches that 

could improve disease resistance in cultured species. This 

study shows that adding Myristica fragrans to the diet has 

a beneficial impact on Macrobrachium rosenbergii in 

various ways, such as enhancing growth performance, 

improving feed efficiency, boosting immune responses, 

increasing antioxidant capacity, elevating enzymatic 

activity, and improving survival rates after exposure to 

Vibrio parahaemolyticus.  

The results indicate that M. fragrans could be a 

practical and environmentally friendly substitute for 

traditional antimicrobials, enhancing health and resilience 

in prawn culture systems. However, it is essential to 

recognize that the benefits seen in the study are context-

dependent. While a lower dose of the extract (0.025%) 

enhanced growth performance and feed efficiency 

significantly, the results could be influenced by the 

metabolic costs associated with immune responses and 

oxidative stress. These results align with the observations 

of several studies such as Sodamola et al. (2017), 

Zhelyazkov et al. (2018) and Canadianti et al. (2020)   

who reported that incorporating Myristica as a feed 

additive enhanced growth performance, reduced FCR and 

reduced mortality in different fish. The metabolic cost of 

immunity often leads to a trade-off between energy 

allocation for immune defense and other physiological 

processes, such as growth. However, due to the presence 

of toxic or anti-nutritional substances, the addition of a 

significant number of extracts may limit growth when 

compared to a smaller amount (Radhakrishnan et al. 

2015; Prabu et al. 2018; Kaleo et al. 2019). 

The current study demonstrated that supplementation 

with the extract led to a notable enhancement of total 

hemocyte count (THC) in M. rosenbergii compared to the 

control group, both prior to and following exposure to V. 

parahaemolyticus (Fig. 1). This increase suggests that the 

extract may play a role in stimulating the prawn’s cellular 

immune response. The findings of this study indicate that 

supplementation of M. rosenbergii diets with a lower 

dose (0.025%) of M. fragrans extract resulted in the 

highest THC values. Comparable findings have been also 

reported in prawns fed diets supplemented with Withania 

somnifera extracts, where inclusion of lower doses led to 

a significant increase in total hemocyte count (THC). 

These enhancements in hemocyte levels were associated 

with improved pathogen resistance relative to the control 

group (Harikrishnan et al., 2012). The observed decline in 

hemocyte numbers in infected shrimp may result from the 

migration and accumulation of hemocytes at the site of 

injection, where they participate in tissue repair and the 

phagocytosis of foreign particles (Balasubramanian et al., 

2008b; Sarathi et al., 2007).  

In the current study, both before to and following 

exposure to bacterial challenge, prawns supplemented 

with the extract showed a significant rise (p < 0.05) in 

prophenoloxidase (proPO) activity in comparison to the 

untreated group (Fig:3). Similarly, the extract of Z. 

officinale and its component zingerone both improved L. 

vannamei's PO activity when tested against bacteria 

(Chang et al. 2012; Shahraki et al. 2021). Furthermore, 

extracts of Z. officinale and A. marmelos promoted proPO 

enzyme secretion (Ghosh et al., 2024a).  In some cases, 

lower doses of the extract may lead to enhanced 

prophenoloxidase (proPO) activity (Isla et al. 2001).  

Low doses may gradually boost the immune system, 

increasing proPO activity while reducing stress. In 

contrast, excessive doses may depress immunity due to 

toxicity or an oxidative imbalance.  

Superoxide dismutase (SOD) activity is frequently 

employed to evaluate crustacean health (Chang et al., 

2012). Nutmeg's beneficial effects on oxidation limitation 

or inhibition may be attributed to its tribonoid, phenolic, 

and flavonoid compositions. These chemicals act as 

antioxidants, eliminating oxygen-free clothing, metals, 

and radicals (Jukić et al., 2006). The most common 

bioactive molecule found in nutmeg was sabinene. It has 

been shown that this chemical has high antioxidant 

activity (Quiroga et al., 2015). Nutmeg's immunological 

and antioxidant activity was most effective at 2% and 3% 

herb-additive levels (Rashidian et al., 2022). In this sudy, 

both before and after being exposed to the bacterial 

challenge, where T1 (0.025%) produced a better effect, 

the prawns that were supplemented with M. fragrans 

extract in their diet showed a significant increase in SOD 

activity in comparison to the untreated group (Fig:6) (p 

<0.05).  

The reported reduction in immune parameters at the 

increased doses of M. fragrans (T2) may be potentially 

explained by the toxicity. This brings in the question of 

the optimal dosage that will maximize the immune 

response without the point where toxicity will occur. To 

gain a complete picture of the effects of the extract on the 

health of prawns it would be of benefit to explore in more 

detail the dose-dependent effects of M. fragrans, and 

whether it is possible to have a hormetic effect. This type 

of a response may explain the improvement of immune 

functions at low doses and may suggest that excessive 

doses overwhelm the antioxidant defense systems, 

causing the subsequent decline of immune functions due 

to toxicity. Such results are consistent with Citarasu et al. 

(2006) and Balasubramanian et al. (2008a), who 

discovered that excessive amounts of dietary 
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immunostimulants may suppress immune function, which 

could be associated with the oxidative imbalance and 

metabolic stress. 

In the present study, prawns that ate diets with added 

spice extracts had much higher levels of protein and ash 

(p < 0.05), but their lipid levels stayed the same (Table 

3). The increase in protein and ash suggests that the body 

is better at absorbing nutrients and storing them, which is 

important for supporting immune functions like hemocyte 

proliferation and antioxidant enzyme activity. In general, 

digestive enzymes are considered for playing a crucial 

role in regulating growth rates in aquatic organisms 

(Bilen et al., 2020; Reverter et al., 2021). Recently, 

Pelinson et al. (2025); Ahmmed et al. (2025); and Simtoe 

et al. (2024); reported that supplementation with turmeric 

(Curcuma longa), Fennel (Foeniculum vulgare) and 

ginger (Zingiber officinale) significantly enhanced both 

weight gain and digestive enzyme activity in M. 

rosenbergii. Similarly, the current study demonstrated 

that the supplementation of M. rosenbergii diets with 

spice extracts significantly increased the activity of 

digestive enzymes, especially protease (Fig. 8). In 

contrast (Fig:7), no significant change was observed in 

amylase activity in this investigation, which may be 

attributed to normal physiological regulation or 

interference from other factors, as suggested by Nothman 

and Callow (1971). This finding suggests that the 

incorporation of these bioactive compounds may enhance 

digestive functions, consequently improving nutrient 

absorption and overall metabolic efficiency in the 

prawns. 

The current study demonstrated that M. rosenbergii 

fed diets supplemented with plant extracts exhibited 

enhanced survival following bacterial challenge in 

comparison to unsupplemented controls (Fig. 9).  

Similarly, Harlina et al. (2021) demonstrated that the 

inclusion of Chromolaena odorata extract in crustacean 

diets significantly improved survival during Vibrio 

harveyi infection, thereby reinforcing the efficacy of 

phytogenic supplements in enhancing disease resistance 

among aquaculture species. The shrimp that ate diets with 

the extract had better survival rates. This is probably 

because the bioactive components of the extract boost the 

host's immune defenses. Supplementation caused 

significant increases in the number of hemocytes, the 

activation of the prophenoloxidase system, the activity of 

superoxide dismutase, and the strength of respiratory 

burst responses. Also, there were improvements in the 

proximate composition and digestive enzyme activities, 

which made the body stronger overall. All of these 

improvements to the shrimp's immune system and 

metabolism seem to make it better able to fight off 

harmful pathogens. 

Conclusions 

Prawns fed M. fragrans-supplemented diets showed 

lower mortality, indicating improved resistance under 

experimental conditions to Vibrio parahaemolyticus. 

Dietary inclusion at 0.025% (T1) and 0.05% (T2) 

enhanced growth performance, immune responses, 

digestive enzyme activity (particularly protease), and 

proximate composition, with the lower dose (T1) 

showing superior effects. However, these results are 

based on controlled laboratory conditions and require 

validation under field conditions. A more extensive study 

of the hormetic response, the balance of oxidative stress 

and the long-term metabolic cost of M. fragrans 

supplementation should be carried out in the future in 

order to gain a complete understanding of the effect that 

M. fragrans supplementation has on aquaculture species. 

The primary limitation is the potential underestimation of 

the long-term effects of M. fragrans supplementation, as 

the study primarily focused on short-term health markers 

such as growth and immune response. It is crucial to 

assess the long-term metabolic and immunological 

consequences of prolonged exposure to M. fragrans, as 

chronic supplementation could have varying effects on 

prawn health, which may differ from short-term 

outcomes. 
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