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Abstract 

This study focused on the evaluation of dietary supplementation of medicinal herbs on growth 

performance and stress tolerance in Pacific white shrimp, Penaeus vannamei. The PL of Penaeus 

vannamei (0.051 g) was distributed into four treatment groups in five replicates. Shrimps were fed with 

T0 (Control diet), treatment T1 (5% noni fruit), treatment T2, (5% jamun leaf) for 60 days. After the 

feeding trial, shrimps from each treatment group were challenged with ammonia and salinity stress. The 

results showed that supplementation of 5% noni fruit in the shrimp diet had a significant difference (p 

< 0.05) in final weight, weight gain, and specific growth rate among all groups. The survival rate and 

biomass of shrimp showed a significant difference in those groups fed noni and jamun supplemented 

diets when compared to the control. However, the feed conversion ratio value in the control group was 

much greater than those of the remaining groups. Moreover, the T1 and T2 group also exhibited a 

significantly higher survival rate in the challenge tests against low salinity or high ammonia. The 

results suggest that dietary supplementation of noni fruit at the level of 5% modulates growth 

performance, feed utilization, survival, and resistance to environmental stresses. 

 
Keywords: Penaeus vannamei, Noni fruit, Jamun leaves, growth, survival, stress tolerance 

 

1. Introduction 

Aquaculture is the fastest-growing food production sector and a critical source of sustainable 

animal protein; however, global output must increase by approximately 50% by 2050 to meet 

projected demand. Within this sector, crustacean aquaculture has expanded rapidly in recent 

decades, driven by strong global market demand. Shrimps and prawns are among the most 

valuable aquaculture commodities, generating substantial revenue and serving as key protein 

sources, particularly in tropical countries. Commercial shrimp production is dominated by 

penaeid species, with Penaeus vannamei and Penaeus monodon accounting for about 95% of 

global production in 2015. This dominance has continued, with crustacean aquaculture 

exceeding 11.2 million tonnes in 2020 and a farm-gate value surpassing USD 81.5 billion. 

The Pacific white shrimp, P. vannamei, remains the leading cultured species, contributing 

approximately 5.8 million tonnes, or 51.7% of total crustacean aquaculture production (FAO, 

2024) [14]. 

The whiteleg shrimp (Penaeus vannamei) is among the most economically important 

crustacean species in global aquaculture. In Vietnam, particularly in the Mekong Delta, high-

density shrimp farming systems have been increasingly adopted due to their substantial 

economic returns (Trang et al., 2022) [39]. Nevertheless, the intensification and super-

intensification of shrimp culture are associated with numerous environmental and health-

related challenges (Khoa et al., 2020) [19]. These production systems often exacerbate water 

pollution, thereby creating favorable conditions for the proliferation of opportunistic and 

pathogenic bacteria (Lieke et al., 2019; Mirbakhsh et al., 2022) [23, 24]. Furthermore, the 

intensive and sometimes indiscriminate use of antibiotics for disease prevention and growth 

enhancement has contributed to the emergence of antibiotic-resistant bacterial strains 

(Seyfried et al., 2010) [33], as well as the accumulation of antibiotic residues in aquatic 
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environments (Santos & Ramos, 2016) [32] and shrimp 

tissues (Romero et al., 2012) [31]. Consequently, there is an 

urgent need to develop sustainable and environmentally 

friendly alternatives to conventional chemotherapeutic 

approaches in aquaculture. Natural products, particularly 

medicinal plants, have gained considerable attention as 

promising alternatives due to their availability, cost-

effectiveness, environmental safety, and capacity to promote 

growth and health in aquatic organisms (Awad & Awaad, 

2017; Elumalai et al., 2021; Hamed et al., 2021) [4, 13, 17]. As 

reported by Hai (2015) [40] and Wang et al., plant-based 

materials can be applied in aquaculture in various forms, 

including fresh biomass, crude extracts obtained using 

different solvents, or isolated bioactive compounds, with 

plant extracts being the most commonly utilized as feed 

additives. 

Immunomodulatory strategies represent a viable alternative 

to antibiotics for improving disease resistance in shrimp 

aquaculture by enhancing innate immune function. The 

extensive use of antibiotics for prophylaxis has accelerated 

the development of antibiotic-resistant bacteria, 

compromising farm biosecurity and environmental 

sustainability (Aoki, 1992) [3]. Consequently, attention has 

shifted toward plant-based nutraceuticals, including herbs 

and phytochemicals, as functional feed additives. These 

compounds not only stimulate immune responses but also 

enhance growth performance by reducing pathogen burden 

and optimizing energy allocation (Abreu et al., 2012) [1]. 

Moreover, herbal nutraceuticals are biodegradable, 

renewable, and generally safe, supporting their application 

in sustainable aquaculture systems (Harikrishnan et al., 

2011; Abreu et al., 2012) [18, 1]. Numerous plant species have 

demonstrated immunostimulatory and growth-promoting 

effects in shrimp, such as Cynodon dactylon, Aegle 

marmelos, Tinospora cordifolia, Picrorhiza kurroa, and 

Eclipta alba in Penaeus monodon (Citarasu et al., 2006) [8]; 

Cardiospermum halicacabum in P. monodon (Rajasekar et 

al., 2011) [30]; Petalonia binghamiae in Penaeus vannamei 

and Agati grandiflora, Justicia tranquebariensis, and 

Eclipta erecta in P. monodon (Kumaran et al., 2014) [22], 

highlighting their potential as sustainable alternatives to 

conventional chemotherapeutics. 

Noni (Morinda citrifolia L.) is an important medicinal plant 

extensively cultivated in Southeast Asia and characterized 

by a high content of nutrients and bioactive compounds, 

including proteins, vitamins, minerals, carbohydrates, and 

alkaloids (Singh et al., 2008; Halim et al., 2018) [35, 16]. 

Numerous studies have documented its antibacterial, 

antifungal, antioxidant, and anti-inflammatory properties 

(Krishnaiah et al., 2012; Palu et al., 2012; de Almeida 

Lopes et al., 2018; Deivi Arunachalam et al., 2021) [20, 27, 9, 

10]. Dietary inclusion of noni has been reported to improve 

growth performance and immune function in terrestrial 

livestock and poultry species, such as Nicobari fowl, 

crossbred beef calves, and broiler chickens (Yancey et al., 

2013) [46]. However, its application in aquaculture remains 

underexplored. Emerging evidence indicates that M. 

citrifolia leaf extract enhances immune gene expression in 

the giant freshwater prawn (Macrobrachium rosenbergii) 

(Halim et al., 2018) [16], while crude fruit extract 

supplementation improves growth indices and antioxidant 

capacity in whiteleg shrimp (Penaeus vannamei) post-larvae 

(Moh et al., 2021) [25]. Collectively, these findings highlight 

M. citrifolia as a promising natural feed additive for 

improving shrimp health and performance. 

Syzygium cumini (L.) Skeels, commonly known as Java 

plum or jamun, is an important medicinal plant widely used 

in traditional medicine to treat infectious diseases and is 

distributed throughout South and Southeast Asia (Morton, 

1987) [26]. The leaves contain a wide range of bioactive 

compounds, including alkaloids, anthocyanins, flavonoids, 

triterpenoids, tannins, and polyphenols such as gallic and 

ellagic acids, which exhibit strong antibacterial activity 

(Chattopadhyay et al., 1998; Timbola et al., 2002; Ayyanar 

& Subash-Babu, 2012) [7, 38, 5]. These properties support the 

use of S. cumini leaf powder as a natural immunostimulant 

in shrimp aquaculture. Dietary inclusion of S. cumini leaf 

powder (SCLP) offers a cost-effective and eco-friendly 

alternative to antibiotics by enhancing non-specific immune 

responses and resistance to bacterial infections. Consistent 

with this, Prabu et al. reported that jamun leaf powder 

reduced oxidative stress and enhanced innate immunity in 

snubnose pompano (Trachinotus blochii) following Vibrio 

parahaemolyticus challenge. Accordingly, the present study 

evaluated the combined efficacy of Morinda citrifolia fruit 

and S. cumini leaf powder as natural antioxidants in 

improving growth performance, alleviating oxidative stress, 

and enhancing survival of whiteleg shrimp (Penaeus 

vannamei) post-larvae exposed to ammonia and salinity 

stress. 

 

2. Materials and Methods  

2.1 Collection of medicinal herbs  

Fresh fruits of Morinda citrifolia L. were obtained in 

sufficient quantity from a commercial supplier. The fruits 

were thoroughly washed with tap water to remove surface 

contaminants, cut into small pieces, and sun-dried for 

approximately 14 days until a constant weight was achieved. 

The dried material was subsequently ground into a fine 

powder using a mechanical grinder and stored in airtight 

containers at room temperature until use. Leaves of Java 

plum (Syzygium cumini (L.) Skeels) were collected from the 

Junagadh District, Gujarat, India. The leaves were washed 

with freshwater to remove adhering debris and shade-dried 

for several days until the moisture content was reduced to 

approximately 10%. The dried leaves were then pulverized 

using a laboratory grinder and sieved to obtain a uniform 

particle size of 100-150 μm. The resulting S. cumini leaf 

powder was stored in clean, airtight containers under dry 

conditions prior to incorporation into experimental diets. A 

commercial shrimp feed (Growel Feeds India) with a 

proximate composition of 40% crude protein, 4% crude 

lipid, 5% crude fiber, and 11% moisture was used as the 

basal control diet. The control diet did not contain M. 

citrifolia fruit powder or S. cumini leaf powder. 

 

2.2 Experimental animals  

Juvenile Pacific whiteleg shrimp (Penaeus vannamei) with 

an initial mean body weight of 5.0-6.0 g were used in the 

experiment. The shrimp were procured from West Coast 

Shrimp Hatchery, located in the coastal village of Kotada, 

Gir Somnath District, Gujarat, India. Live shrimp were 

transported to the wet laboratory in plastic Sintex™ tanks 

under continuous aeration to minimize handling stress. 

Upon arrival, the shrimp were gently transferred to circular 

fiberglass tanks (300 L capacity) supplied with continuous 

aeration. The stock was acclimated under laboratory 

conditions for 14 days and fed a commercial sinking diet 
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containing 35% crude protein and 6% crude lipid. During 

the acclimation period, shrimp were monitored daily for 

general health and abnormal behavior. 

 

2.3 Diet formulation and incorporation of medicinal 

herbs 

Three practical diets were formulated to contain 35% crude 

protein and 6% crude lipid. The control diet (T0) contained 

no herbal supplementation, while the experimental diets 

were supplemented with either 5% Morinda citrifolia fruit 

powder (T1) or 5% Syzygium cumini leaf powder (T2) (Table 

1). The diets were prepared using soybean meal, fish meal, 

Acetes meal, wheat gluten, groundnut oil cake, sunflower oil 

cake, wheat flour, de-oiled rice bran, fish oil, soy lecithin, 

binder, and other additives. All dry ingredients were 

weighed according to the formulation, thoroughly mixed, 

and water was added to obtain a homogeneous dough. The 

dough was transferred to aluminum trays and steam-cooked 

in an autoclave for 20 min. After cooling to room 

temperature, vitamin C and butylated hydroxytoluene 

(BHT) were added to minimize thermal degradation. The 

dough was then pelletized using a motor-driven pelletizer, 

and the pellets were oven-dried at 45-50 °C overnight. The 

dried pellets were packed in airtight polyethylene bags, 

sealed, and labeled according to dietary treatments. 

Proximate composition of the experimental diets and feed 

ingredients was determined following standard AOAC 

methods (1995) [2]. 

 

2.4 Experimental design and feeding trials 

A 60-day feeding trial was conducted at the Hands-on 

Training Center, College of Fisheries Science, Kamdhenu 

University, Veraval, to evaluate the effects of Morinda 

citrifolia fruit and Syzygium cumini leaf powder on the 

growth and health of Pacific whiteleg shrimp (Penaeus 

vannamei). Shrimp were randomly assigned to three dietary 

treatments: control (T0, basal diet without supplementation), 

5% M. citrifolia fruit powder (T1), and 5% S. cumini leaf 

powder (T2), each in triplicate. Shrimp were stocked at 

approximately 180 individuals per circular fiberglass tank 

(3.3 × 1.15 × 0.75 m) and fed four times daily. Uneaten feed 

was removed routinely, and minimal water exchange was 

performed to maintain water quality. Tanks were 

continuously aerated and maintained at 28 ± 1 °C and 15 ppt 

salinity. To reduce stress and mimic natural conditions, 

tanks were covered with nylon shade netting to limit light 

exposure. Growth performance was monitored every 15 

days by randomly sampling five shrimp per tank to record 

body weight (BW) and total length (TL). Water quality was 

maintained within optimal ranges throughout the 

experiment: dissolved oxygen 5.5-6.0 mg L⁻¹, ammonia 0.2-

0.25 mg L⁻¹, nitrite 0.1-0.15 mg L⁻¹, nitrate 0.5-0.6 mg L⁻¹, 

and pH 7.8-8.3. 

 

2.5 Body growth and growth performance of P. 

vannamei PL determination 

Growth of P. vannamei post-larvae (PL) was assessed every 

15 days throughout the 60-day feeding trial by measuring 

body weight (BW) and total length (TL). BW was 

determined using an analytical balance, and TL was 

measured from the rostrum to the telson using a standard 

ruler. Growth performance parameters were calculated as 

follows: 

Survival rate (%) = (Final number of shrimp/Initial number 

of shrimp) × 100 

 

Weight gain (WG, g/shrimp) = Final weight (g) − Initial 

weight (g) 

 

Daily weight gain (DWG, g/day) = (Final weight − Initial 

weight)/Days 

 

Specific growth rate (SGR, %/day) = ([ln Final weight − ln 

Initial weight]/Days) × 100 

 

Feed conversion ratio (FCR) = Feed intake (g)/Weight gain 

(g) 

 

Biomass (kg/m³) = (Final weight × Final 

population)/Volume of water 

 

Protein efficiency ratio (PER) = Final biomass (g) - initial 

biomass (g) /Protein intake 

 

2.6 Salinity stress experiment  

After a 60-day feeding trial, 5 individuals in each tank were 

transferred to a 25-L tank for the salinity stress experiment, 

with salinity levels decreasing from 15 to 5 ppt by adding 

dechlorinated tap water. The survival rate of shrimp was 

calculated at 24-h intervals for 96 h.  

 

2.7 Ammonia stress experiment  

Similarly, five shrimp per treatment were allocated to 25-L 

tanks (5 individuals per replicate) for ammonia stress 

testing. Fresh seawater was added, and total ammonia 

nitrogen (TAN) levels were increased using ammonium 

chloride (NH₄Cl). Based on preliminary experiments and 

literature reporting elevated TAN in intensive shrimp ponds 

(up to 46.1 mg L⁻¹; Ciji & Akhtar, 2019), a TAN 

concentration of 40 mg L⁻¹ (NH₃: 2.79 mg L⁻¹; salinity: 15 

ppt; pH: 8.0; temperature: 29 °C) was selected. The test 

solution was renewed every 24 h, and dead shrimp were 

recorded throughout the 96-h exposure period. 

 

2.8 Statistical analysis  

The data were statistically analyzed by statistical package 

(SPSS version 16). In this study one-way ANOVA was used 

to compare the means among all the treat ments, and 

Duncan’s multiple range tests (DMRT) were used to 

determine the significant differences between the means of 

variant (JL level) among the different treatments (Duncan 

1955) [11]. Student’s two-tailed t test (p < 0.05) was used to 

compare the significance level of mean values of pre- and 

post-challenge biochemical and enzymological response in 

the same treatment. Kaplan Meier test was done for the 

statistical assay of mortality in addition to one way 

ANOVA. Comparisons were made at the 5% probability 

levels. 

 

3. Results 

3.1 Growth parameter 
The effects of dietary supplementation with medicinal herbs 

on growth performance, specific growth rate (SGR), feed 

conversion ratio (FCR), and protein efficiency ratio (PER) 

of Penaeus vannamei were evaluated over a 60-day 

experimental period. Growth-related parameters were 

assessed at 15-day intervals, while feed utilization indices 
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were calculated at the end of the experiment. The results are 

presented in Tables 1-2 and Figures 1 and 2. At the 

beginning of the experiment (day 0), shrimp in all 

treatments (T0, T1, and T2) exhibited a uniform mean initial 

body weight of 0.051 ± 0.00 g, confirming homogeneity 

among experimental groups. Mean body weight increased 

progressively in all treatments throughout the culture period, 

with significant differences observed among treatments at 

each sampling interval (p < 0.05). After 15 days, shrimp fed 

the T1 diet exhibited a significantly higher mean weight gain 

(0.240 ± 0.010 g) compared to T2 (0.175 ± 0.004 g) and the 

control group T0 (0.160 ± 0.007 g). This trend persisted 

throughout the experiment. At day 30, mean weight gain 

was highest in T1 (1.137 ± 0.031 g), followed by T2 (0.767 ± 

0.003 g) and T0 (0.674 ± 0.006 g). Similarly, at day 45, 

shrimp in T1 recorded the greatest mean weight gain (3.293 

± 0.027 g), significantly exceeding those in T2 (2.051 ± 

0.050 g) and T0 (1.785 ± 0.017 g) (p < 0.05). By the end of 

the 60-day experimental period, final mean body weight 

differed significantly among treatments (p < 0.05). Shrimp 

in T1 attained the highest final mean weight (6.739 ± 0.028 

g), followed by T2 (4.123 ± 0.029 g), while the lowest 

weight was observed in the control group T0 (3.559 ± 0.058 

g).  

Consistent with the observed growth trends, specific growth 

rate (SGR) varied significantly among treatments (p < 0.05). 

The highest SGR was recorded in T1 (6.867 ± 0.004), 

followed by T2 (6.376 ± 0.007), whereas T0 exhibited the 

lowest SGR (6.228 ± 0.016). Feed utilization efficiency, 

expressed as feed conversion ratio (FCR), also showed 

significant differences among treatments (p < 0.05). The 

lowest FCR was observed in T1 (1.46 ± 0.027), indicating 

superior feed utilization, followed by T2 (1.78 ± 0.014). The 

control treatment T0 recorded the highest FCR value (1.96 ± 

0.025). Protein efficiency ratio (PER) differed significantly 

among treatments at the end of the experimental period (p < 

0.05). Shrimp fed the T1 diet exhibited the highest PER 

(1.95 ± 0.038), followed by T2 (1.59 ± 0.014), while the 

lowest PER was observed in the control group T0 (1.44 ± 

0.019). 

 
Table 1: Growth performance and survival rate of P. vannamei fed various experimental diets for 60 days. 

 

Treatment Weight gain (%) SGR (%) FCR PER Survival (%) 

T0 3.612 ± 0.12a 6.438 ± 0.02b 1.638 ± 0.06b 1.75 ± 0.07b 84.00 ± 2.66a 

T1 6.928 ± 0.09d 6.902 ± 0.01d 1.370 ± 0.04a 2.10 ± 0.06d 97.33 ± 1.63c 

T2 4.336 ± 0.08b 6.256 ± 0.03a 1.952 ± 0.08c 1.48 ± 0.06a 89.33 ± 1.63ab 

 

The survival rate of Penaeus vannamei differed significantly 

among treatments over the 60-day experimental period (p < 

0.05; Tables 1-2; Fig. 3). Final survival was highest in T1 

(94.66 ± 2.49%), followed by T3 (89.33 ± 1.63%) and T2 

(88.00 ± 1.33%), while the lowest survival was recorded in 

the control (T0; 81.33 ± 1.33%). Treatments T2 and T3 

showed significantly higher survival compared to the 

control. 
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Fig 1: Growth changes in terms of (a) Mean weight gain, (b) Specific growth rate (SGR), (c) Feed conversion ratio (FCR), (d) Protein 

efficiency ratio (PER) of P. vannamei during supplemented feeding trials with M. citrifolia fruit and S. cumini leaf powder. Significant 

differences in growth changes are indicated by italic letters. 
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Fig 2: Percentage of survival of P. vannamei after feeding trial of medicinal herbs at the end of experiment 

 

3.2 Carcass Composition  

The carcass proximate composition of Penaeus vannamei at 

the end of the experimental period is summarized in Table 

X. Moisture content did not differ significantly among the 

Control, T1, T2, T3, and T4 treatments (p > 0.05), with an 

overall mean of 74.86%. Crude protein content ranged from 

19.25 ± 0.11% in the Control to 20.42 ± 0.14% in T3, with 

significant differences among treatments (p < 0.05). Shrimp 

fed T2 and T3 diets showed significantly higher protein 

levels compared to the Control, while T1 and T4 exhibited 

intermediate values. Crude lipid content differed 

significantly among treatments (p < 0.05), varying from 

1.89 ± 0.01% (Control) to 2.25 ± 0.10% (T3). Lipid content 

was significantly higher in T2 and T3 compared to the 

Control, whereas T1 and T4 were not significantly different. 

Ash content averaged 3.66% and did not vary significantly 

among treatments (p > 0.05). 

 
Table 1: Proximate composition of P. vannamei fed various experimental diets after 60 days. 

 

Treatment Crude protein (%) Crude Fat (%) Moisture (%) Ash (%) 

T0 19.25 ± 0.11 2.25 ± 0.10 74.86 ± 0.06 3.66 ± 0.04 

T1 20.42 ± 0.14 2.18 ± 0.06 74.72 ± 0.01 3.54 ± 0.05 

T2 19.34 ± 0.05 1.89 ± 0.01 74.56 ± 0.04 3.62 ± 0.06 

 

3.3 Low salinity and high ammonia challenges 
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Fig 3: Survival rate (%) of Penaeus vannamei fed diets containing M. citrifolia fruit and S. cumini leaf spowder after exposure to low salinity 

(a) or high ammonia stress (b). Values shown are mean ± SD (n = 3). Bars with different letters at the same timepoint indicate significant 

differences (one-way ANOVA, p < 0.05). 

 

The survival rates of the three experimental groups were 

higher than that of the control group (T0) after 24 h of 

exposure to low salinity; however, no significant differences 

were observed between the T1 and T2 groups or between the 

T2 and T3 groups (Fig. 3). Similar results were also observed 

for 96-h exposure. 

 

3.3. Water quality parameters 

The physico-chemical parameters of water were within the 

optimum range during the entire period of culture. The 

range of all the physico-chemical parameters were as 

follows: dissolved oxygen 6.0-6.3 mg L−1, temperature 25.9-

27.7 °C, pH 8.1-8.3, ammonia nitrogen 0.05-0.15 mg L−1, 

nitrate nitrogen 0.81-1.29 mg L−1, nitrite nitrogen 0.074-

0.083 mg L−1 and salinity 30-32 ‰ was present throughout 

the experimental period. 

 

4. Discussion 

The present study demonstrates that dietary supplementation 

with medicinal herbs, specifically noni fruit (Morinda 

citrifolia) and jamun leaf (Syzygium cumini), significantly 

enhanced growth performance, feed utilization efficiency, 

protein utilization, and survival of Penaeus vannamei, 

confirming their potential as natural growth promoters in 

shrimp aquaculture. Comparable growth improvements with 

noni supplementation have been reported in P. vannamei 

(Moh et al., 2021; Phan et al., 2023) [25, 28] and several 

finfish species, including Oreochromis niloticus, Cyprinus 

carpio, and Pelteobagrus fulvidraco (Kristiana et al., 2020; 

Effendi et al., 2022; Wang et al., 2021) [21, 12, 42], indicating 

broad applicability across aquatic taxa. The enhancement in 

growth and feed efficiency may be attributed to proxeronine 

in noni, which is converted to xeronine in vivo. Xeronine 

plays a critical role in protein synthesis, glucose absorption, 

and metabolic regulation, thereby promoting nutrient 

utilization and somatic growth (Widjastuti et al., 2019; 

Sridevi et al., 2013) [45, 36]. In addition, bioactive compounds 

such as anthraquinones, organic acids, and saponins present 

in noni lower gut pH and stimulate digestive enzyme 

activity, enhancing protein digestion, nutrient absorption, 

protein efficiency ratio (PER), and feed conversion ratio 

(FCR) (Widianto et al., 2015) [44]. 

Dietary inclusion of jamun leaf also significantly improved 

growth indices, feed utilization efficiency, PER, and 

survival in P. vannamei. These findings align with earlier 

reports in shrimp, freshwater prawns, and finfish species 

(Bhavan et al., 2014; Prabu et al., 2021; Giri et al., 2023) [6, 

9, 15]. The growth-promoting effects of jamun leaves are 

likely linked to their rich phytochemical composition, 

including flavonoids, tannins, and essential oils, which 

enhance feed palatability, digestion, nutrient absorption, and 

pathogen resistance. The improved survival rates observed 

in noni- and jamun-supplemented treatments further indicate 

sstheir health-promoting and immunostimulatory properties. 

Similar enhancements in survival have been documented in 

P. vannamei and other aquatic species fed M. citrifolia and 

S. cumini-based diets (Bhavan et al., 2014; Phan et al., 

2023) [6, 28], although variations reported in some studies 

suggest that efficacy may depend on inclusion level, 

processing methods, and culture conditions. 

Shrimp fed diets supplemented with noni (Morinda 

citrifolia) fruit extract exhibited significantly higher survival 

compared to the control. Previous studies have shown that 

noni fruit contains bioactive compounds with antioxidant 

and polyphenolic properties that enhance physiological 

stability and stress tolerance in Penaeus vannamei (Moh et 

al., 2021; Sina et al., 2020) [25, 34]. As crustaceans rely 

primarily on innate immunity and lack an adaptive immune 

response, they are highly susceptible to environmental 

stressors (Wang & Wang, 2012) [43]. In the present study, 

improved survival following low-salinity and high-ammonia 

challenge tests indicates enhanced stress resistance in 

shrimp fed noni-supplemented diets. These findings suggest 

that dietary noni fruit extract can strengthen non-specific 

defense mechanisms and improve resilience of whiteleg 

shrimp under adverse culture conditions.  
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