


Dietary Supplementation of Selected Feed Additives and Its Effects on Growth Performance, Survival and Digestive Enzyme Activity in Whiteleg Shrimp, Penaeus vannamei Boone, 1931
Abstract
This study investigated the effects of selected natural feed additives - kefir, makhana, pineapple and garlic on growth performance, survival and digestive enzyme activity in Penaeus vannamei Boone, 1931. Five dietary treatments were formulated: a control diet (DC) without additives and four treatment diets (D1 to D4) supplemented with 10% of milk kefir, makhana (lotus seed), pineapple and garlic, respectively. Each treatment had four replications, with 15 post-larvae (initial weight: 0.045 g) per replicate and shrimp were fed four times daily for 90 days. Water quality parameters were maintained within optimal ranges throughout the trial. Shrimp fed the pineapple (D3) exhibited significantly (P < 0.05) higher mean weight gain, specific growth rate, protein efficiency ratio, survival rate and the lowest feed conversion ratio among all treatments. Proximate composition analysis revealed improved nutritional quality, with D3 (pineapple) yielding the highest protein content. Digestive enzyme activities (protease, amylase and lipase) were significantly (P < 0.05) high in D3, followed by D1 (milk kefir) and D4 (garlic), indicating enhanced digestion and nutrient absorption. Garlic and kefir also showed notable positive effects compared to makhana and the control group.  These findings demonstrate that dietary supplementation with natural additives, particularly pineapple, significantly improves growth rates, survival rates and digestive enzyme secretion in P. vannamei.
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1. Introduction
Aquaculture is growing the global food supply and has immense potential to compete against malnutrition and diet-related diseases (Fiorella et al., 2021). In recent years, India's fisheries and aquaculture industries have seen tremendous expansion (Lakra and Gopalakrishnan, 2021). India ranks second in global fish production with the contribution of 8.61% (FAO, 2020). Penaeid shrimps are a highly in-demand seafood item on the international market (Tan et al., 2005). Pacific white prawn, often known as the white leg prawn, Penaeus vannamei is the main candidate species for shrimp farming in the world (Kemal et al., 2023). P. vannamei is widely cultured all around the world with an estimated production of 5.8 million tonnes, which accounted for highest 51.7 % of the total production of the crustacean species (FAO, 2022). Due to outbreaks of infectious diseases, which cause epizootics in almost all areas where shrimp are grown, with global losses accounting for approximately 40% of production (Stentiford et al., 2012). These Disease outbreaks are mainly caused by various bacteria, fungi, parasites, and viruses which are the main setback of shrimp farming (Flegel et al., 2008; Bai et al., 2014). Vibrio spp. is responsible for a number of epizootic diseases that cause serious problems in shrimp culture and mass mortalities. Vibrios are among the most important bacterial pathogens of cultured shrimps responsible for the number of diseases and mortality (Lightner, 1993). 
One of the biggest difficulties facing large-scale shrimp farming is the development of environmentally safe solutions for preventing shrimp disease. Antibiotics have long been used in animal feed to promote growth and reduce disease (Rosen, 1996; Li et al., 2007; Ng et al., 2009; Zhou et al., 2009). Excessive use of antibiotics, hormones, and other synthetic chemicals in aquaculture to control diseases and improve fish production has resulted in the creation of drug-resistant bacteria and the production of toxic compounds harmful to the environment and human health (Esiobu et al., 2002) and suppress immunity in the host (Panigrahi and Azad, 2007). 
In nature, there are many potential ingredients available that are cheap, eco-friendly with minimum side effects and capable of enhancing the growth performance, survival and digestive enzyme activity in shrimps. Naturally available ingredients such as kefir, makhana, pineapple, garlic etc. which have beneficial nutritive qualities such as immuno-stimulants, growth promoters, antibacterial, antioxidant etc. which could improve the growth performance in shrimps.
Kefir, a fermented milk made from grains containing a diverse blend of bacteria and yeasts, has gained scientific interest due to its numerous health benefits (Rosa et al., 2017). It harbors probiotic microorganisms (Golowczyc et al., 2008) and produces antagonistic substances like organic acids and bacteriocins, which can inhibit pathogenic bacteria growth in animal intestines, potentially enhancing gut health (Silva et al., 2009; Xie et al., 2012). Kefir is widely used as a feed additive for both humans and animals (Guven and Gulmez, 2003).
Makhana (Euryale ferox) is an aquatic crop belonging to the Nymphaeaceae family, typically found in stagnant perennial water bodies like ponds and swamps (Jha and Prasad, 1993). Due to its high medical value and mineral richness, it is emerging as a superfood around the world (Kumar et al., 2021). There are numbers of bioactive compounds of makhana act as antioxidant, antimicrobial, anti-ischaemic, anti-diabetic, immunomodulatory, anti-melanogenic, anti-cytotoxic, anti-hyperlipidemic, hepatoprotective, cardioprotective, anti-depressant and other activities (Mittal et al., 2020; Vikram and Mishra, 2021).
Pineapple (Ananas comosus), is a tropical fruit prized for its sweet and tangy flavor (Eeckenbrugge et al., 2011). It's rich in bromelain, a valuable blend of proteolytic enzymes with diverse biological functions, utilized in pharmaceuticals, culinary applications and cosmetics (Ramli et al., 2017). Several researchers have investigated the utilization of a crude extract enzyme to improve growth performance in aquaculture (Arungamol et al., 2018). 
Garlic (Allium sativum) has long been recognized for its medicinal properties and for food uses (Shin and Kim, 2004). Allicin (Diallyl thiosulfinate), found predominantly in crushed garlic, contributes to most of its pharmacological activities (Mehrim et al., 2014).  Allicin exhibits antibacterial effects, boosts immunity, promotes digestive system motility and regulates enzyme release to improve digestion and nutrient absorption (Khalil et al., 2001).
Therefore, the present study was undertaken to evaluate the effect of feed additives like milk kefir, makhana, pineapple and garlic on growth performance, survival rates and digestive enzymes activity in pacific white shrimp, Penaeus vannamei.
2. Materials and method
2.1. Experimental feed additives and diet preparation
Feed additives such us, makhana, garlic, pineapple and other common ingredients were bought from local market and then were cleaned and chopped for further drying in hot air oven at 40-50℃ to make powder form.  Milk kefir grains (10g) were bought from Happy Live Culture, Bengaluru, Karnataka were mixed with 1 litre of fresh cow milk and incubated for 24 hrs. After fermentation, the grains were removed, and the kefir was stored in the refrigerator until further use. Other ingredients required for feed preparation such as, wheat flour, soybean flour, tapioca powder, fish oil, sunflower oil, vitamins and minerals were sourced from the local market. Five iso-nitrogenous (35%) diets were prepared according to feed formulation shown in Table 1. Ingredients were mixed and dough was formed. Pre-cooking was done at 121°C, 15 lbs pressure for 10-15 mins. Vitamins & minerals and feed additives added post-cooking. Dough extruded into pellets. Pellets dried in oven at 40-50°C for 5-6 hours. Packed in labelled airtight plastic jars.
Table 1. Feed formulation and its proximate analysis.
	Ingredient (%)
	Treatments

	
	DC
	D1
	D2
	D3
	D4

	Sterilized Fish meal
	39
	39
	39
	39
	39

	Soya bean Meal
	31
	30
	29
	29
	27

	Wheat flour
	16
	9
	10
	10
	12

	Tapioca powder
	8
	6
	6
	6
	6

	Fish oil
	2
	2
	2
	2
	2

	Sun flower oil
	2
	2
	2
	2
	2

	Vitamin & minerals
	2
	2
	2
	2
	2

	Kefir
	39
	39
	39
	39
	39

	Makhana
	0
	10
	0
	0
	0

	Pineapple
	0
	0
	10
	0
	0

	Garlic
	0
	0
	0
	10
	0

	Kefir
	0
	0
	0
	0
	10

	Total
	100
	100
	100
	100
	100

	Proximate analysis of experimental diets (%)

	
	DC
	D1
	D2
	D3
	D4

	Crude Protein
	35.67±0.064
	35.49±0.104
	35.40±0.042
	35.38±0.083
	35.29±0.071

	Crude Fat
	18.07±0.070
	17.77±0.096
	17.47±0.116
	17.43±0.104
	17.43±0.177

	Moisture
	5.61±0.064
	5.58±0.049
	5.67±0.070
	5.63±0.026
	5.62±0.074

	Ash
	10.60±0.111
	10.55±0.153
	10.79±0.072
	10.52±0.107
	10.49±0.061


Note: Data presented as mean±SE (n=3).
2.2. Experimental animal and culture system
Specific pathogen free (SPF) seeds of Penaeus vannamei were bought from a commercial shrimp hatchery “Jay Jay Group”, Pondicherry. The shrimp seeds were carefully transported to the Aquaculture Laboratory, College of Fisheries Science, Kamdhenu University, Veraval. The seeds were acclimatized in a 500 L capacity FRP tank for 15 days. P. vannamei post-larvae (PL) weighing approximately 0.045 g were stocked in a total of 20 tanks at a density of 15 nos./tank. Shrimps were fed four times a day at the rate 10% of body weight and was adjusted periodically as per required. The feeding period was set for 90 days. To maintain optimal water quality, regular water exchanges were conducted to remove any remaining feed, fecal matter and moulted shells of the shrimp. During the experiment, water quality testing kit and automatic equipment was used to measure temperature, pH, dissolved oxygen, alkalinity and salinity at regular intervals.
2.3. Proximate composition analysis
The proximate composition of the feed ingredients, prepared diet and shrimp body carcass was determined following standard AOAC (2012) methods presented in. Moisture content was analyzed by heating samples at 105°C for 30 minutes, followed by drying at 65°C until a constant weight was achieved. Crude protein was estimated using a semi-automatic Micro Kjeldahl digestion and distillation apparatus (Gerhardt, Germany), with nitrogen content multiplied by a factor of 6.25. Crude fat was determined using the Soxhlet extraction method, where fat was extracted using an organic solvent and quantified after solvent evaporation. Total ash content was measured by incinerating the samples in a muffle furnace at 600°C for 6–8 hours until complete combustion was achieved. The respective percentages of moisture, crude protein, crude fat and ash were calculated using standard formulas.
2.4. Growth performance and analysis
At every 15th day sampling was done to determine the body weight of the shrimp using a digital weighing scale. The growth parameters were examined such as, mean weight gain (MWG), specific growth rate (SGR), survival rate (SR), food conversion ratio (FCR) and protein efficiency ratio (PER) to evaluate the growth performance of Penaeus vannamei in response to the different experimental conditions. All the growth parameters were calculated using following equations:
· MWG = Final average body weight - Initial average body weight.
· SGR (%/day) = Ln(Wi) - Ln(Wf)​/T×100%; where, Ln = natural logarithm; Wi = initial weight; Wf = Final weight and T = time duration.
· SR (%) = (Live Shrimps / Initial Shrimps) ×100.
· FCR = total feed consumed (g)/total body weight gained (g). 
· PER = total weight gain (g)/ total protein fed (g). 
2.5. Enzymatic analysis
2.5.1. Tissue sample preparation
Fresh hepatopancreas and intestine were homogenized in chilled sucrose solution to create a 5% homogenate. After centrifugation at 8000 rpm for 20 minutes at 4°C, the clear supernatant was filtered through a 0.45mm membrane filter and was stored in eppendorf tubes at -20°C for enzyme analysis.
2.5.2. Tissue Protein analysis
The protein content of hepatopancreas and intestine was analysed using the Lowry et al. (1951) method. A standard graph with bovine serum albumin (BSA) was used to calculate protein levels in mg/gm wet tissue.
2.5.3. Protease enzyme activities
Protease activity in shrimp hepatopancreas and intestine was assessed via the casein digestion method outlined by Drapeau (1978). One unit of enzyme activity was defined as the amount releasing acid-soluble fragments equivalent to 0.001 absorbance units at 280 nm per minute at 37°C and pH 7.8. The reaction mixture, containing 1% casein in 0.05 M tris HCl buffer (pH 7.8), was pre-digested for 5 minutes at 30°C. Tissue homogenate was then added to initiate protease activity. After 10 minutes, the reaction was halted with 10% TCA. The difference in absorbance between the reaction mixture and a reagent blank was measured at 280 nm to determine protease activity (units/mg protein).
2.5.4. Amylase enzyme analysis
Amylase activity in shrimp hepatopancreas and intestine was assessed using the dinitro-salicylic-acid (DNS) method by Rick and Stegbauer (1974). The reaction mixture contained 1% (w/v) starch solution, phosphate buffer (pH 7) and tissue homogenate, incubated at 37°C for 30 minutes. DNS reagent was added, and the mixture was heated for 5 minutes in a boiling water bath. After cooling, absorbance was measured at 540 nm. Amylase activity was quantified by comparing absorbance values to a maltose standard curve, indicating the amount of maltose released from starch per minute at 37°C.
2.5.5. Lipase enzyme analysis
Lipase activity in shrimp hepatopancreas was assessed following Cherry and Crandall (1932) method. Two test tubes were used one for test and the other for control. In the both test tube, a mixture of distilled water, homogenate, olive oil emulsion and phosphate buffer was incubated at room temperature for 24 hours. In the control tube, the homogenate was boiled to inactivate lipase before mixing with the same components. After incubation, both tubes were titrated with NaOH, and the difference in NaOH volume between the test and control tubes determined lipase activity per gram of tissue.
2.6. Statistical analysis
The study data presented as mean ± standard error (SE). The results were analysed utilizing one-way analysis of variance (ANOVA) employing a complete randomized design. The analysis was conducted using Statistical Package for Social Sciences (SPSS) software for Windows (IBM SPSS v26.0, Released 2019, Armonk, New York: IBM Corp). Post-hoc comparisons of mean values were conducted using Duncan's multiple range test to determine significant differences between treatments at a probability level of less than 0.05. 
3. Results
3.1. Water quality analysis
The physico-chemical parameters of water, including temperature, pH, dissolved oxygen, alkalinity and salinity, were monitored weekly throughout the experiment and were found to be in optimal range with no significant difference (P > 0.05) within all treatments shown in Fig. 1. The parameters ranged as follow: temperature (28.03 to 30.08°C), dissolved oxygen (5.40 to 6.55 ppm), pH values (7.80 to 8.28), alkalinity (140 ppm to 185 ppm) and salinity (9.5 to 11 ppt). The water quality analysis indicated that these conditions were suitable and did not caused any adverse effects on the shrimp during the experimental period.

         
Fig. 1. Water quality parameters during experimental period. (a) Temperature, (b) pH, (c) Dissolved oxygen (DO) (ppm), (d) Alkalinity (ppm) and (e) Salinity (ppm).
3.2. Growth performance and survival
The results of growth performance and survival were presented in Table 2 and graphically shown in Fig. 2. The growth performance, including MWG, SGR, FCR, PER and survival rate of Penaeus vannamei fed with different experimental treatments was found to be significantly different (P < 0.05) from each other. Treatment D3 showed significantly highest (P < 0.05) MWG, SGR, PER and survival rate than all other treatments, with treatment D4 being the second most effective and control diet showed least effective. Treatment D3 found with lowest FCR as compare to all other treatments. Also all the additives used in treatments showed positive results as compare to control diet.
Table 2. Growth performance for P. vannamei fed with different experimental diets during culture period. 
	Diets
	DC
	D1
	D2
	D3
	D4

	Wi (g)
	0.045±0.00a
	0.045±0.00a
	0.045±0.00a
	0.045±0.00a
	0.045±0.00a

	 Wf (g)
	8.87±0.09a 
	11.20±0.12c
	9.38±0.16b
	13.92±0.15e
	12.21±0.06d

	MWG (g)
	8.78±0.07a
	11.15±0.12c
	9.34±0.15b
	13.98±0.18e
	12.16±0.06d

	SGR (%)
	5.63±0.01a
	5.86±0.01c
	5.69±0.02b
	6.08±0.01e
	5.95±0.01d

	FCR
	2.23±0.16c
	1.85±0.07b
	2.10±0.04c
	1.38±0.05a
	1.68±0.04b

	PER
	1.31±0.11a
	1.56±0.06bc
	1.37±0.02ab
	2.080±0.07d
	1.71±0.04c

	Survival (%)
	81.68±1.68a
	85.00±1.67a
	83.33±3.33a
	93.33±2.72b
	86.67±2.72ab


Note: Data expressed as Mean± SE (n=4); Mean values with different superscripts within a column are significantly different (P < 0.05).
       

	


Fig. 2. Growth performance and survival rate of P. vannamei recorded in different treatments during the culture period. (a) Mean weight gain (g), (b) Specific growth rate (SGR), (c) Feed conversion ratio (FCR) (d) Protein efficiency ratio (PER) and (e) Survival (%). Different letters show significant difference (P < 0.05).

3.3. Proximate composition of body carcass
The proximate composition of body carcass is presented in Table 3. Shrimp fed with Treatments D3 and D4 diets containing pineapple and garlic respectively showed enhanced proximate composition compared to other treatments. Shrimp fed with pineapple showed the highest protein content, suggesting improved nutritional quality. The variations in crude fat content between treatments indicate differences in lipid metabolism, potentially due to the dietary interventions. The moisture and ash content remained relatively consistent among all the treatments. 

Table 3. Proximate composition of shrimp body carcass.
	Treatments
	Crude Protein (%)
	Crude Fat (%)
	Moisture (%)
	Ash (%)

	DC
	19.93±0.16
	2.97±0.23
	3.63±0.38
	75.54±0.28

	D1
	20.36±0.24
	3.15±0.30
	3.61±0.33
	75.66±0.64

	D2
	20.16±0.26
	2.91±0.15
	3.54±0.30
	75.78±0.53

	D3
	21.13±0.23
	2.86±0.09
	3.53±0.24
	75.81±0.51

	D4
	20.56±0.17
	3.23±0.21
	3.56±0.57
	75.80±0.55


Note: Data expressed as Mean± SE (n=3); Mean values with different superscripts within a column are significantly different (P < 0.05).
3.4. Digestive enzyme activity
At the end of feeding trail, the activities of protease, amylase and lipase in hepatopancreas and intestine of Penaeus vannamei were detected to evaluate the effect of feed additives on digestive enzyme activity shown in Table 4 and Fig. 3. The results indicated significant variations (P < 0.05) in enzyme activity among the treatments. The activities of protease (fig. 3a), amylase (fig. 3b) and lipase (fig. 3c) were increased significantly (P < 0.05) in treatment D3 compare to all other treatments. Protease activity was highest in treatment D3 (0.0212±0.0009 U/mg protein), which was significantly (P < 0.05) higher than all other treatments. Treatments D1 and D4 exhibited significantly (P < 0.05) higher protease activity compared to treatment D2 and the control diet (DC). Similarly, amylase activity was significantly different (P < 0.05) among treatments, with the highest value recorded in treatment D3 (0.165±0.0086 U/mg protein). Treatments D1 and D4 demonstrated significantly higher (P < 0.05) amylase activity than treatment D2 and the control group. Lipase activity followed a similar trend, with the highest activity observed in treatment D3 (1.384±0.0194 U/mg protein), which was significantly (P < 0.05) greater than all other treatments. Treatment D1 exhibited the second-highest lipase activity (1.263±0.0387 U/mg protein), while the lowest was recorded in the control treatment.
Table 4. Digestive enzyme activity (units/mg protein) in hepatopancreas and intestine of P. vannamei recorded in different treatments at the end of experiment:
	Treatments
	Protease 
	Amylase
	Lipase

	DC
	0.0112±0.0005a
	0.096±0.0058a
	0.816±0.0451a

	D1
	0.0158±0.0006bc
	0.128±0.0030bc
	1.263±0.0387d

	D2
	0.0134±0.0005ab
	0.110±0.0081ab
	0.920±0.0127b

	D3
	0.0212±0.0009d
	0.165±0.0086d
	1.384±0.0194e

	D4
	0.0175±0.0013c
	0.141±0.0074c
	1.143±0.0200c


Note: Data expressed as Mean± SE (n=3); Mean values with different superscripts within a column are significantly different (P < 0.05).






Fig. 3. Digestive enzyme activity in hepatopancreas and intestine of P. vannamei recorded in different treatments at the end of experiment. (a) Protease, (b) Amylase and (c) Lipase. Different letters show significant difference (P < 0.05).
4. Discussion
Functional feed additives play a crucial role not only in enhancing the growth performance of fish but also in improving their overall health status. From a variety of natural origins, these additives are eco-friendly and safe for both aquatic animals and the environment. Common types of functional feed additives include prebiotics, probiotics, seaweeds, mushrooms, microalgae, enzymes, organic acids, mycotoxin binders, phytogenic or plant-based compounds and yeasts (Bharathi et al., 2019).  They can be derived from various sources such as dairy products, plant seeds, fruits, herbs and various herbal products - each offering unique bioactive compounds that support improved growth performance, survival rates and enhance digestive enzyme secretion in aquaculture species. In this, study such functional feed additives such as kefir, makhana, pineapple and garlic were used as feed supplementation to evaluate their effects on growth performance, survival and digestive enzyme activities of Penaeus vannamei.
Water quality is crucial for shrimp growth and health (Ma et al., 2013). It ensures optimal conditions for survival and reproduction (Deo, 2006). Poor management leads to low dissolved oxygen and harmful levels of ammonia, nitrite, hydrogen sulfide and CO₂ (Boyd et al., 1978; Colman et al., 1982). In this experiment, the water quality parameters remained within the optimal range, ensuring that any differences in physiological and immunological responses could be attributed primarily to dietary treatments. Several studies support the findings of this study. Temperature affects shrimp metabolism, growth, moulting and survival (Gunalan et al., 2013). The ideal range for Penaeus vannamei is 28.5°C–32.1°C (Nunes et al., 2000). Wang et al. (2004) reported an optimal pH range of 7.6–8.6 for P. vannamei. Dissolved oxygen depends on temperature, salinity, and organic matter (Zendejas, 1999). The minimum required is 5 mg/L (Aragon & Garcia, 1996); levels below 3.7 ppm are critical (Chen, 1985). Alkalinity stabilizes pH and affects moulting. The ideal range is 200–250 mg/L (Gupta et al., 2004). P. vannamei thrives in salinity of 10–35 ppt (Balakrishnan et al., 2011); variations affect alkalinity and ionic balance (Atwood et al., 2003; Decamp et al., 2003; Saoud et al., 2003).
4.1. Growth performance and survival
After 90 days of experimental trials, the findings revealed a significant increase in mean weight gain (MWG), specific growth rate (SGR), protein efficiency ratio (PER) and survival rate, along with a statistically significant reduction in feed conversion ratio (FCR) in Penaeus vannamei fed diets supplemented with kefir, makhana, pineapple and garlic compared to the control group. Notably, treatment D3, supplemented with pineapple, resulted in the highest growth indices and survival rates among all treatments. These results are consistent with earlier studies that demonstrated improved growth performance, including enhanced weight gain and feed efficiency. For example, Klahan et al. (2023) reported that Pacific white shrimp (Litopenaeus vannamei) showed the highest growth performance and survival when fed diets containing pineapple waste crude extract (PWCE). Similarly, improved weight gain, SGR, PER, FCR and survival rates have been reported in various fish species fed diets containing pineapple, including Labeo rohita (Deka et al., 2003), Java barb (Puntius javanicus) (Subandiyono and Nugroho, 2018), Nile tilapia (Oreochromis niloticus) (Yuangsoi et al., 2018; Ruslan, 2019; Sukri et al., 2022; Van Doan et al., 2021a; 2021b; Khumsrisuk et al., 2022) and Chanos chanos (Nilamsari et al., 2021). Additionally, several studies have reported increased survival rates in fish species supplemented with dietary pineapple, such as Java barb (P. javanicus) (Subandiyono and Nugroho, 2018), Nile tilapia (Ruslan, 2019), Clarias batrachus (Eri et al., 2021) and Sangkuriang catfish (Kartina et al., 2023). The positive effects of pineapple are attributed to the presence of bromelain, a proteolytic enzyme known to promote growth in L. vannamei by supporting the moulting process, facilitating exoskeleton shedding, and enhancing the formation of new exoskeletons (Hosamani et al., 2017). Bromelain has also been shown to improve feed utilization (Taqwdasbriliani et al., 2013) and protein digestibility (Isnawati et al., 2015), thereby increasing PER and weight gain (Arisa et al., 2021).
Treatment D4, containing garlic as an additive, showed the second-best performance, supporting findings from multiple studies that reported significant improvements in weight gain, SGR, FCR, PER, and survival in L. vannamei (Javadzadeh et al., 2012; Gholaghaie et al., 2016; Labrador et al., 2016; Samadi et al., 2016; Pazir et al., 2018; Kumar et al., 2019; Lokesh et al., 2020; Amoah et al., 2021). Similar improvements have been observed in other species, such as Mugil cephalus (Akbari et al., 2015; Zorriehzahra et al., 2021), Channa punctatus (Joshi, 2015), Asian seabass (Lates calcarifer) (Abdelwahab et al., 2020) and Labeo rohita (Kaur and Ansal, 2020). These benefits are likely due to allicin, an organosulfur compound in garlic, which enhances digestion by improving intestinal flora function (Chi et al., 1982; Khalil et al., 2001). However, it is worth noting that the current findings contradict some earlier reports (Labrador et al., 2016; Samadi et al., 2016), where garlic extract did not significantly affect the growth of L. vannamei. 
Treatment D1, supplemented with kefir, also demonstrated significantly better performance than the control. Improved growth rate, SGR, FCR and PER in L. vannamei fed kefir-based diets have been previously reported by Choi et al. (2020). Positive results in weight gain, SGR, PER, and FCR have also been documented in other species such as Nile tilapia (O. niloticus) (Van Doan et al., 2017; Ben et al., 2022), brook trout (Salvelinus fontinalis) (Karabulut et al., 2018) and common carp (Cyprinus carpio) (Asgarisavadjani et al., 2020). Nonetheless, some studies found no significant changes in PER with kefir supplementation, such as in Salmo coruhensis (Can et al., 2012) and rainbow trout (Oncorhynchus mykiss) (Gumus et al., 2017). Furthermore, the survival rate of L. vannamei was improved in the D1 (kefir) treatment compared to the control, which aligns with Choi et al. (2020). Similar findings have been observed in other species including S. coruhensis (Can et al., 2012), O. mykiss (Gumus et al., 2017) and S. fontinalis (Karabulut et al., 2018).
4.2. Proximate composition of body carcass
The body composition of fish and shrimp can vary depending on factors such as nutrient content, feed intake, dietary quality and feeding regimen (Amoah et al., 2019; Gyan et al., 2024). According to Yanar and Celik (2006) and Sriket et al. (2007), the crude protein content in shrimp generally ranges from 17% to 21%, depending on species and environmental conditions. Similarly, Xu and Pan (2012) reported the proximate composition of juvenile Litopenaeus vannamei with moisture content ranging from 75.22% to 76.09%, crude protein between 17.96% and 18.78%, lipid content from 1.80% to 1.96%, and ash content between 2.65% and 2.85%. Comparable results were observed in the present study, where dietary treatments influenced the proximate composition of Penaeus vannamei. The inclusion of specific dietary additives improved the nutritional profile of the shrimp. These findings align with previous reports, emphasizing the beneficial role of dietary supplementation in enhancing or maintaining the proximate composition of P. vannamei - particularly with respect to increased dietary protein and lipid levels, which are essential for optimal growth and feed utilization.
4.3.  Digestive enzyme activity
4.3.1. Protease enzyme activity
According to Sanchez-Paz et al. (2003), protease enzymes play a crucial role in protein digestion by providing essential amino acids. Recent studies have shown that exogenous proteases positively affect overall fish health, influencing key parameters such as feed conversion ratio, weight gain and metabolic activity (Dalsgaard et al., 2012). Li et al. (2016) reported that the growth of Penaeus vannamei was not negatively impacted when protease was supplemented in diets with reduced fish meal content and a 10% reduction in crude protein. In the present study, the inclusion of pineapple as a dietary additive enhanced protease activity in P. vannamei. These results are in agreement with previous findings. For instance, Tongsiri and Pimpimol (2019) observed improved protease activity in climbing perch fed diets supplemented with pineapple. The bromelain found can be the major reason behind increase in the production of protease enzyme activity in P. vannamei. Directly incorporating the protease enzyme (bromelain) in the diet can increase the protease activity and other pancreatic functions to produce more enzymes (Prykhodko et al., 2015). Additionally, garlic supplementation (treatment D4) also led to an increase in protease activity in P. vannamei. Amoah et al. (2021) reported significantly higher trypsin activity in P. vannamei fed diets containing black garlic. Similar findings were reported in other species such as Oncorhynchus mykiss (Esmaeili et al., 2017), Lateolabrax japonicus (Xu et al., 2020) and Labeo rohita (Chowdhury et al., 2020; 2021). As earlier stated the enzyme production can be due to the presence of allicin in garlic. Allicin enhanced growth by stimulating the digestive enzyme (Talpur and Ikhwanuddin, 2012).
4.3.2. Amylase enzyme activity
The digestibility of starch plays a important role in the fish growth, highlighting the significance of amylase, an enzyme responsible for breaking down starch, in the fish growth (Upreti et al. 2019). Handayani et al. (2000) found that the increased activity of amylase activity is positively correlates with the growth rate and feed efficiency in gourami fry. The present study also suggests the effect of garlic in the diet of Penaeus vannamei showed higher amylase enzyme activity as compared to the control treatment. Similar results were found in many other studies. The effects of garlic powder can increase the amylase enzyme activity in various species such as, Oncorhynchus mykiss (Esmaeili et al., 2017), Japanese seabass (Xu et al., 2020) and Labeo rohita (Chowdhury et al., 2020; 2021). According to the present study, kefir can also show higher amylase enzyme activity in L. vannamei. These results show disagreement with, Seyhaneyildiz et al. (2014) who conducted a study on Coruh trout, (Salmo coruhensis) and found that dietary kefir had an insignificant effect on the amylase enzyme activity.
4.3.3. Lipase enzyme activity
The digestive enzyme lipase, which have a significant role in the metabolism of fatty acids in crustaceans, act as vital enzyme involved in helping and regulating this process (Vogt and Holdich, 2002). The growth performance in gourami fry was found to be significantly higher when the lipase activity was also increased (Handayani et al., 2000). The present results showed the effect of garlic in the diet of Penaeus vannamei resulted in higher lipase enzyme activity. Similar results were also found by Xu et al. (2020) found that in Japanese seabass, lipase enzyme activity in the intestine was highest when the diet contained 10 g/kg of garlic powder (P < 0.05). Garlic inclusion in the diet of Labeo rohita resulted in enhanced lipase enzyme activity compared to the control diet (Chowdhury et al., 2020; 2021). While the results of this study showed disagreement with the study by Esmaeili et al. (2017) on rainbow trout, garlic powder supplementation did not show a significant difference in lipase enzyme activity. Present study also improved lipase enzyme activity by incorporating kefir in the diet of P. vannamei. But these results were found to be differ from Seyhaneyildiz et al. (2014) conducted a study on Coruh trout (Salmo coruhensis) and revealed that altering the quantity of dietary kefir didn't have any significant impact on the activities of lipase enzyme activity.
5. Conclusions
The present study evaluated the effects of dietary supplementation with naturally available functional feed additives - kefir, makhana, pineapple and garlic - on growth performance, survival rates and digestive enzyme activities in Penaeus vannamei. Among the tested additives, the diet containing pineapple resulted in the most significant improvement across all measured parameters, including enhanced growth rates, feed utilization, survival and digestive enzyme activities (protease, amylase and lipase). Garlic and kefir also showed notable positive effects compared to makhana and the control group. These findings highlight the potential of pineapple, garlic and kefir as effective functional feed additives that can serve as eco-friendly alternatives to antibiotics for promoting health and productivity in shrimp aquaculture. Further research is recommended to determine optimal inclusion levels and evaluate long-term impacts of these additives under different farming conditions, aiming toward more sustainable and resilient shrimp farming practices.
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(c) DO (ppm)

Dissolved Oxygen (ppm)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

8.7897366113535907E-2	6.8554704249580711E-2	5.7578997117793858E-2	8.1397205421961771E-2	8.6412798341285707E-2	8.7897366113535907E-2	6.8554704249580711E-2	5.7578997117793858E-2	8.1397205421961771E-2	8.6412798341285707E-2	DC	D1	D2	D3	D4	5.9025000000000007	5.9483333333333333	6.0174999999999992	6.0683333333333342	5.9666666666666677	a	a	a	a	a	


(d) Alkalinty (ppm)

Alkalinty (ppm)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.5746432527221872	4.1742355496836092	3.3404280557975792	3.6583928689847389	3.7605071654517741	2.5746432527221872	4.1742355496836092	3.3404280557975792	3.6583928689847389	3.7605071654517741	DC	D1	D2	D3	D4	152.5	155	155.41666666666666	151.66666666666666	151.66666666666666	a	a	a	a	a	


(e) Salinity (ppt)

Salinity (ppt)	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.12499999999999996	9.6498024264068172E-2	0.15640774865198925	0.12811768579763458	0.10660035817780522	0.12499999999999996	9.6498024264068172E-2	0.15640774865198925	0.12811768579763458	0.10660035817780522	DC	D1	D2	D3	D4	10.375	10.541666666666666	10.458333333333334	10.333333333333334	10.5	a	a	a	a	a	


(a) Total Weight Gain

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

6.5239941753499286E-2	0.1204505431010312	0.1548318980916619	0.18135485472777735	5.7879184513951361E-2	0.43672517854933368	6.5239941753499286E-2	0.1204505431010312	0.1548318980916619	0.18135485472777735	5.7879184513951361E-2	0.43672517854933368	DC	D1	D2	D3	D4	8.7824999999999989	11.154999999999999	9.3375000000000004	13.977499999999999	12.16	a	c	b	e	d	


(b) SGR

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.0307764064044291E-2	1.2499999999999714E-2	1.7078251276599291E-2	1.080123449734665E-2	6.2915286960591177E-3	3.8521866654230547E-2	1.0307764064044291E-2	1.2499999999999714E-2	1.7078251276599291E-2	1.080123449734665E-2	6.2915286960591177E-3	3.8521866654230547E-2	DC	D1	D2	D3	D4	5.6274999999999995	5.8625000000000007	5.6849999999999996	6.08	5.9474999999999998	a	c	b	e	d	


(c) FCR

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.1552149047825841	6.7391888730519087E-2	3.6827299656640562E-2	4.6007245806140837E-2	3.9264063297965807E-2	7.6380195145903579E-2	0.1552149047825841	6.7391888730519087E-2	3.6827299656640562E-2	4.6007245806140837E-2	3.9264063297965807E-2	7.6380195145903579E-2	DC	D1	D2	D3	D4	2.2249999999999996	1.8450000000000002	2.0975000000000001	1.3800000000000001	1.675	c	b	c	a	b	


(d) PER

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.10507933510765412	6.0346223300772238E-2	2.3273733406281548E-2	7.0710678118654752E-2	4.1508031351374243E-2	0.10507933510765412	6.0346223300772238E-2	2.3273733406281548E-2	7.0710678118654752E-2	4.1508031351374243E-2	DC	D1	D2	D3	D4	1.3049999999999999	1.5549999999999999	1.365	2.08	1.7074999999999998	a	bc	ab	d	c	


(e) Survival Rate (%)

[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.675	1.667	3.3319999999999999	2.7210000000000001	2.7210000000000001	1.675	1.667	3.3319999999999999	2.7210000000000001	2.7210000000000001	DC	D1	D2	D3	D4	81.674999999999997	86.667500000000004	83.332499999999996	93.332499999999996	86.667500000000004	a	a	a	b	ab	


a. Protease

Protease Activity (units/mg)	0.0112
[CELLRANGE]
0.0158
[CELLRANGE]
0.0134
[CELLRANGE]
0.0212
[CELLRANGE]
0.0175
[CELLRANGE]

4.8419463487779809E-4	6.1101009266077916E-4	4.7022453265552943E-4	9.207484877955419E-4	1.2583057392117917E-3	4.8419463487779809E-4	6.1101009266077916E-4	4.7022453265552943E-4	9.207484877955419E-4	1.2583057392117917E-3	DC	D1	D2	D3	D4	1.1166666666666667E-2	1.5799999999999998E-2	1.3366666666666666E-2	2.1166666666666667E-2	1.7500000000000002E-2	a	bc	ab	d	c	


b. Amylase

Amylase Activity (units/mg)	0.096
[CELLRANGE]
0.128
[CELLRANGE]
0.110
[CELLRANGE]
0.165
[CELLRANGE]
0.141
[CELLRANGE]

5.840471822645076E-3	3.0000000000000027E-3	8.110350040397625E-3	8.6474145140485598E-3	7.4461026345628905E-3	5.840471822645076E-3	3.0000000000000027E-3	8.110350040397625E-3	8.6474145140485598E-3	7.4461026345628905E-3	DC	D1	D2	D3	D4	9.5666666666666678E-2	0.128	0.10966666666666668	0.16533333333333333	0.14133333333333334	a	bc	ab	d	c	


c. Lipase

Lipase Activity (units/mg)	0.816
[CELLRANGE]
1.263
[CELLRANGE]
0.920
[CELLRANGE]
1.384
[CELLRANGE]
1.143
[CELLRANGE]

4.5108511145656061E-2	3.869682731755212E-2	1.2732286169856171E-2	1.935917812764212E-2	2.0002777584903337E-2	4.5108511145656061E-2	3.869682731755212E-2	1.2732286169856171E-2	1.935917812764212E-2	2.0002777584903337E-2	DC	D1	D2	D3	D4	0.81557078901081237	1.2626933189859015	0.9203914535378962	1.3843933843479761	1.1427238895408538	a	d	b	e	c	


(a) Temperature 

Temperature 	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.2442035084419418	9.9258615380594176E-2	0.10701499706097065	9.3623399367310525E-2	8.1680580138225795E-2	0.2442035084419418	9.9258615380594176E-2	0.10701499706097065	9.3623399367310525E-2	8.1680580138225795E-2	DC	D1	D2	D3	D4	29.503333333333334	29.355	29.165833333333339	29.082499999999996	29.11333333333333	a	a	a	a	a	


(b) pH

pH	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

2.6269533376868087E-2	2.2678862583489692E-2	2.8153394757358001E-2	2.7061471362866282E-2	2.7103430771693093E-2	2.6269533376868087E-2	2.2678862583489692E-2	2.8153394757358001E-2	2.7061471362866282E-2	2.7103430771693093E-2	DC	D1	D2	D3	D4	7.979166666666667	8.0108333333333324	8.0374999999999996	8.0333333333333332	8.0216666666666665	a	a	a	a	a	
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