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INTRODUCTION  

 

Shrimp farming has developed rapidly and became one of the major sources of the 

aquaculture industry and food production in most countries (Lukwambe et al., 2019). It 
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This study aimed to evaluate the dietary supplementation of various levels 

of Bacti-nil®Aqua on growth performance, nutrient utilization, immune response, 

antioxidant activities, mortality rate, and chemical composition of the Pacific white 

shrimp Litopenaeus vannamei. Four hundred and eighty L. vannamei fries (3.0 ± 

0.002 g) were randomly divided into 4 treatments (T1-T4). T1 represented the 

negative control fed on a basal diet, the fries in treatments T2, T3 and T4 were fed 

on Bacti-nil®Aqua supplemented diet at three concentrations of 2, 3, and 4g/kg 

diet, respectively, for 60 days. The results showed that the morphometrics 

measurements (body and antenna length), the growth parameters (BW, BWG, 

ADG, and RGR) and the condition factor values were significantly (P < 0.05) 

higher in the Bacti-nil®Aqua supplemented treatments than those of the control 

group. Moreover, the different Bacti-nil®Aqua supplemented diets had no 

significant effect on the survival rate (SR) of L. vannamei. The chemical 

composition of the L. vannamei and feed utilization parameters exhibited no 

significant differences in DM and ash. The protein content of L. 

vannamei increased significantly when fed on Bacti-nil®Aqua, compared to T1.  In 

contrast, the highest values of lipids were recorded in the control treatment (T1). 

Different concentrations of Bacti-nil®Aqua (T2-T4) resulted in a significant 

improvement in PER and PPV%, the best FCR, and the highest nonspecific 

immune responses (THC, phagocytosis, lysozyme activity, and phenoloxidase 

activity), in addition, superoxide dismutase activity compared to the control diet 

(T1). Overall, the current study concluded that the highest levels of Bacti-nil®Aqua 

(3 and 4g/kg) resulted in improved growth parameters, survival rate, feed 

utilization, chemical composition, and nonspecific immune responses of L. 

vannamei. 
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is one of the most profitable projects of the mariculture industry (Eissa et al., 2021a). 

Shrimps are among the most remarkable species in production and growth performance 

all over the world (Eissa et al., 2021b). One of the world’s largest farmed tropical prawns 

is the Whiteleg shrimp L. vannamei, a native species of the Pacific Ocean (FAO, 2018). 

This species is considered as the main target species for the shrimp industry. L. vannamei 

is characterized by speedy growth and low protein requirements, it also has high 

tolerance to water salinity variability (Wang et al., 2019), environmental factors, such as 

water temperature (Madeira et al., 2015), pH variability (Wang et al., 2016; Han et al., 

2018), and bad water quality including the depression of dissolved oxygen (Han et al., 

2018), the presence of chemical pollutants such as ammonia, nitrite, hydrogen sulphide, 

and  heavy metals (Duan et al., 2018; Harun  et al., 2019). Its high tolerance capacity is 

shown especially with the intensification culture affecting shrimp growth and survival 

rates and can lead to economic losses resulting from outbreaks of bacterial and viral 

diseases. Diseases cause a critical threat to the sustainable growth of the shrimp industry 

and production. Shrimp like all invertebrates has a simple body structure, and primitive 

immune system; they do not produce antibodies and do not have an adaptive immune 

system (Loker et al., 2004; Rowley & Powell, 2007; Canesi & Procházková, 2014). 

Shrimps avoid the invasion of their bodies by biological or innate immune responses, 

such as their epithelium, shells, and mucous layers, which act as physical and chemical 

barriers for pathogens. Moreover,  there are variety of routes to eliminate the invasive 

pathogens, viz. phagocytosis  by phagocytes, secretion of antibacterial agent as lectin, 

enzymes, lysozyme and production of cytokines that stimulate the inflammatory reactions 

(Beschin,  2001; Loker et al., 2004; Gowda et al., 2008; Dong & Sun, 2021). Shrimp 

culturists are using chemotherapeutics such as antibiotics to manage many different 

diseases as an immediate resort to control them; however, antibiotics have risks due to the 

emergence of antibiotic resistant bacteria and their residues in the bodies of aquatic 

animals (Thornber et al., 2019). Therefore, several studies have been carried out to 

evaluate the effects of different alternative antimicrobial materials, such as herbs, 

probiotics and organic acids on growth rate, immune responses, antioxidant activity and 

disease control of shrimp (Sharawy et al., 2016; Sharawy et al., 2017; Goda et al., 

2018; Huang et al., 2018; Davies et al., 2019; Goda et al., 2019; Nasmia et al., 2022). 

Organic acids are distinguished by their antimicrobial properties which destroy the 

bacterial cell wall and change the cytoplasmic pH. Furthermore, organic acids are 

distinguished by their growth-promoting action, and cost-effective application (Nuez 

Ortín et al., 2020). One of the alternative antimicrobial compounds is the Bacti-

nil®Aqua; it is a mixture of organic acids specifically formulated for aquatic organisms 

such as shrimp. The current study aimed to investigate the efficiency of Bacti-nil®Aqua 

supplemented diets to promote the growth performance, feed utilization and immune 

response of  L. vannamei. 
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MATERIALS AND METHODS  

 

1. Experimental design  

A field study was carried out in a private earthen pond fish farm in Damietta 

Governorate, Egypt. 480 healthy whiteleg shrimps L. vannamei with an average initial 

body weight (BW) of 3.0 ±0.03 g and an average initial total length (TL) of 7.95 ±0.05 

cm were purchased from a private shrimp farm and acclimatized to the experimental 

conditions for two weeks. Twelve hapas (each 1.0 m width × 1.0 m length ×1.0 m water 

depth and was stocked with forty whiteleg shrimp) were used representing the four 

experimental treatments (T1-T4) in triplicate. Shrimps were incorporated in a feeding 

trial to test the effects of commercial dietary supplementation of Bacti-nil®Aqua on 

shrimp propagation. The experimental feeding period was about 60 days. It began on the 

24
th

of October until the 23
rd

 of December 2020, where the feed was offered to the shrimp 

three times per day. The daily feeding rate changed every two weeks to follow the 

following values of 6, 5, 4, and 3% of the fish biomass in each hapa. Shrimps in the 

control group (T1) received only a basal diet. In T2, shrimps were fed on a basal diet with 

2g/kg Bacti-nil® Aqua, whereas those in T3 were fed a basal diet with 3 g/kg powdered 

Bacti-nil®Aqua, and T4 were fed on a basal diet with 4g/kg Bacti-nil® Aqua.  

Hapas were fixed and arranged in the earthen pond. Water was exchanged daily by 5%, 

10%, and 15% during the first, second and third 20 days of the experimental period, 

respectively, and the water quality was monitored daily.  

2. Experimental diets 

The diet and the feed additive Bacti-nil®Aqua (with 1.0 kg and 25 kg 

presentation) were purchased from the local market. The manufacturer of the organic 

acids Bacti-nil®Aqua is Nutriad International NV. Schietstandlaan 2, 2300 Turnhout, 

Belgium. The product was imported by EGAVET (Arab Egyptian Group for Trading and 

Veterinary Services, Importer: 166 King Faisal Street, Giza, Arab Republic of Egypt 

(ARE)). Bacti-nil®Aqua is a synergic mix of organic acids with powerful antibacterial 

action that reduces colonization risks of pathogenic microorganisms by promoting 

healthy gut microbiota in fish and shrimp, which leads to improved growth performance. 

Bacti-nil®Aqua was added to the artificial diets and mixed with corn oil as a binding 

substance, while the equal amount of oil was added in Bacti-nil®Aqua free diet (control 

basal diet). The Bacti-nil®Aqua was added to a powder and mash diets during the 

different period of the experiment by the sparing method. Experimental diets were 

formulated as a basal diet with the addition of different concentrations of Bacti-nil®Aqua 

(i.e., 0, 2, 3, and 4g/kg diet) (Table 1).   During the current study, shrimps were fed on the 

artificial powder and mash formulated feeds at the first and last month, respectively. Feed 

was handfed three times per day, and the amounts used in each hapa were recorded every 

2 weeks starting from the midst of December to February 2019-2020. Artificial feed 
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proximate composition was 38% of crude protein as shown in Table (1); the proximate 

analysis was done according to the method of AOAC (2000). 

Table 1. Formulation (g/kg) and proximate composition (%) of the experimental diets 

and Bacti-nil®Aqua  

* NFE: nitrogen free extract; Vit: vitamin; Min.: mineral CMC: carboxymethylcellulose; T2, T3 and T4 are 

treatments supplemented with Bacti-nil® Aquaat 2, 3, and 4 g/kg diet. 

 

 

 

Ingredient 

Diets 

Control Bacti-nil®Aqua 

T1 T2 T3 T4 

Wheat flour 120.0  118.0  117.0  116.0 

Shrimp meal 250.0  250.0  250.0  250.0  

Rice bran 70.0 70.0 70.0 70.0 

Soybean meal 150.0  150.0  150.0  150.0  

Fish meal 300.0  300.0  300.0  300.0  

Bacti-nil  0.0 2.0 3.0 4.0 

Fish oil 60.0  60.0  60.0  60.0  

CMC 10.0  10.0  10.0  10.0  

Vit.Mix 20.0  20.0  20.0  20.0  

Min. mix 20.0  20.0  20.0  20.0  

TOTAL 1000.0  1000.0  1000.0  1000.0  

Proximate composition of 

diets (%)  

Dry matter 90.64 90.83 91.31 90.60 

Moisture 9.35 9.02 8.76 9.30 

Crude protein (N × 6.25) 38.80 38.76 38.76 38.80 

Crude fat 10.96 10.80 10.85 10.87 

Crude fiber 1.74 1.57 1.32 1.60 

Ash 6.15 6.62 7.11 6.42 

Carbohydrate (NFE) 32.975 33.087 32.291 33.017 

Gross energy kcal/100g 459.467 458.56 459.22 457.61 

Composition of BACTI-NIL®AQUA: 

Formic acid (85%)      12.00% 

Ammonium formate (72%)   23.00% 

Propionic acid (99%)    10.0% 

Sorbic acid (99%)            1.00% 

Caprylic Acid (100%) (Paim)     6.10% 

Capric Acid (100%) (Paim) 3.90% 

Talc (Natural mixture of Steatites &Chlorite) 2.50% 

Silicic acid, precipitated and dried1.50%  41.50% 

Total   100% 
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3. Water quality measurements  

The examined water quality parameters were temperature (˚C), pH, dissolved 

oxygen (DO), salinity, ammonia (NH4), nitrite (NO2), and nitrate (NO3), which were 

measured daily by Hanna aquaculture multi-parameter photometer (HI83303). 

4. Performance evaluation and survival rate  

The morphometric measurements such as body length from the tip of rostrum to 

tip of telson (BL), final length gain (FLG), final antenna length (FAL) and antenna length 

gain (ALG) were measured at the end of the experiment using a caliper.  

 The growth performance parameters were calculated by the following formulae:  

Average body weight: BW (g) =Total weight sampled/ Total number sampled 

Body weight gain (BWGg/shrimp): BWG = Wt - W0; Where, W0: the initial average 

weight per gram, and Wt: the final average weight at time t. 

Average daily gain (g/shrimp/day): ADG = Wt - W0/d; Where, Wt is the weight of the 

shrimp at time t; W0 is the weight at the beginning of the study, and d is the day in the 

detected growth period.  

Specific growth rate (SGR) = (ln Wt - ln W0) ×100/ number of days. 

Condition factor: CF = 100 × [Wt (g)/Lt
3
]; where Lt: Final length of shrimp (cm). 

Feed conversion ratio (FCR) = feed intake (dry matter) (g)/weight gain (g). 

Survival rate (%) of the shrimp in each treatment = 100 × (initial number /final number) 

Protein efficiency ratio (PER) = Body weight gain (g)/Protein intake (g). 

Protein productive value (PPV %) = Retained protein (g) x 100/ protein intake (g). Where 

PER and PPV% were calculated according to Jobling (1983). 

5.  Evaluation of Bacti-nil®Aqua on the immunity parameters 

Ten white shrimp L. vannamei samples from each group were used for haemolymph 

collection. A haemolymph sample (250μL) of an individual shrimp was collected from the 

base of the 3rd walking leg using a sterile 1-mL syringe containing 750 \μL of precooled 

(4°C) anticoagulant (0.114 M trisodium citrate, 450 MNaCl,10 mMKCl, 10 mM HEPES 

at pH 7.4) (Nonwachai et al., 2010). The haemolymph-anticoagulant mixture was used to 

measure the nonspecific immune responses. 

Total hemocyte count (THC) was estimated according to the method of Blaxhall (1973), 

based on the following formulation: Total hemocytes (cells/mL) = average cells number 

×10
4
 × dilution factor. Phagocytotic assay was estimated according to the study of Itami 

et al. (1994) with some modifications. Thelysozyme activity was estimated with the 

turbidimetric technique described in the study of Engstad et al. (1992). The antioxidant 

parameter as phenoloxidase activity was measured according to the method of 

Supamattaya et al. (2000). While, superoxide dismutase activity (SOD) was estimated 

based on the technique of Nishikimi et al. (1972). Their assay kits were purchased from 

Biodiagnostic and/or Biotechnology Co., ARE. 
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6. Proximate composition of L. vannamei 

The chemical composition of L. vannamei samples as the percentage of dry matter (DM), 

crude protein (CP), crude lipid (CL), and ash were measured according to AOAC (1995) 

at the beginning and end of the experiment using four shrimps per group. 

7. Statistical analyses  

The results of growth parameters, survival rate, feed utilization and immunological 

parameters were analyzed by Tukey's multiple comparison test and one-way ANOVA 

using the SPSS Statistics program. Significant differences (P < 0.05) were noted by 

different letters a, b, c, and d, and no significant differences were indicated by the same 

letters among treatments. 

 

RESULTS AND DISCUSSION 

 

1- Water quality  

Water quality parameters of the experimental hapas stocked with L. Vannamei fed 

Bacti-nil®Aqua-supplemented diets during the study period (24 October to 23 December 

2020) (Table 2) showed no differences among water hapas during the experiment period 

because all hapas were in the same pond; however, differences were detected among 

different intervals.  

Table 2. Water-quality parameters measured during the experiment with L. vannamei 

 

Parameter/ 

day 

Temperature 
(
o
C) 

Salinity 

(ppt) 

pH DO 

(mg/L ) 

NH4 NO2 NO3 

zero time 30 25 8.1 5.43 0.6 0.042 0.022 

after 2 weeks 26 23 7.9 5.99 0.5 0.032 0.026 

after 4weeks 23 22 8.3 6.23 0.4 0.041 0.024 

after 6 weeks 20 18 8.0 7.15 0.3 0.025 0.036 

after 8 weeks 18 15 7.6 7.22 0.4 0.029 0.032 

*DO: Dissolved oxygen; NH4: Ammonia; NO2: Nitrite; NO3: Nitrate 

 

Increasing temperature adversely affect the growth of animals (Brett, 1979). Shrimp was 

negatively affected when the temperature dropped to 23°C, while the growth and feed 

consumption of shrimp decreased when the temperature increased to 30°C (Wyban et al., 

1995). 

Nevertheless, the values of water parameters were within the optimal range for the 

growth of L. vannamei. Liu and Manacebo (1983) reported that the greatest growth of L. 

vannamei can result from salinity of 22 g/L. In addition, Chiu (1988) mentioned that the 

optimal level of salinity ranged from 20 to 25g/L. The optimal level of temperature 

ranged from 25 to 30°C (Boyd 1998). While, the best growth was achieved from 

temperature, DO and pH ranging between 20–30°C, 4.5–6 ppm and 7.5 to 8.5, 



Effects of dietary supplementation of Bacti-nil®Aqua on Litopenaeus vannamei 
 

 

1295 

respectively. Moreover, the total ammonia (NH4) level should not exceed 1ppm, and 

nitrite must be lower than 0.1ppm. Overall, water parameters during most of the culture 

period were suitable for shrimp growth, except for the last 2 weeks; salinity, pH, and 

NH4 were within the optimum range, while DO was higher than the recommended levels 

for shrimp. Results of Labrador et al. (2016)  showed that, when water temperature 

drops outside the optimal level for large periods, the production potential will be 

impaired. This can be verified since low temperature (≤14°C) may be sufficient to kill L. 

vannamei (Green, 2008). 

 

2- Morphometric measurements and survival rate 

The morphometric measurements, such as body length, final length gain, final 

antenna length and antenna length gain at the end of the experiment showed highly 

significant values (P < 0.05) with the Bacti-nil®Aqua dietary supplementation than the 

control group. Both high levels of Bacti-nil®Aqua (3 and 4%) reflected higher antenna 

length gain than the low level (2g/kg) (Table 3). 

 

Table 3. Some morphometric parameters and survival rate 

T4 T3 T2 T1  

8.00   ±0.08 8.03  ±0.08 7.930 ±0.08 7.96  ±0.08 Initial length  

14.03
a
 ±0.11 14.00

a
±0.11 13.53

a
 ± 0.11 12.5 

b
±0.11 Final length  

6.03
a
  ±0.15 5.96

a
 ±0.15 5.60 

a
 ±0.15 4.53

b
 ±0.15 Length gain  

7.86   ±0.08 8.03  ±0.08 7.930 ±0.08 7.90  ± 0.08 Initial antennal length 

14.9
a
 ±0.2 14.8

a
 ± 0.2 13.3

b
 ±0.2 10.6

c
 ±0.20 Final antenna 

7.03
a
 ±0.23 6.76

a
 ±0.23 5.36

b
 ±0.23 2.70

c
 ±0.23 Antenna  length gain 

40 ± 0.0 40 ± 0.0 40 ± 0.0 40 ± 0.0 Initial number of shrimp  

30.33
a
 ±2.21 29.00

a
 ±2.21 26.33

a
 ±2.21 20.66

b
 ±2.21 Final number 

75.83
a
 ±5.54 72.5

a
 ±5.54 65.83

a
 ±5.54 51.66

b
 ±5.54 SR% 

*T1 = Control; T2, T3 and T4 are treatments supplemented with Bacti-nil®Aquaat 2, 3, and 4 g/kg diet; SR 

= survival rate. Means within the same row with different superscript letters (a–c) are significantly different 

(P < 0.05). 

Survival rates of the L. vannamei fed Bacti-nil®Aqua diets were significantly 

higher, compared to L. vannamei in the control treatment. However, different Bacti-

nil®Aqua-supplemented diets had no significant effect on SR (%) of L. vannamei. On the 

other hand, the 4% Bacti-nil®Aqua had the highest SR (%) among all treatments. These 

results indicated that the major advantages of feed supplementation with Bacti-nil®Aqua 

might be exclusive to health benefits, such as the promotion of gut microbiota, immune 

response, and resistance to diseases (Kesselring et al., 2021). The infections by bacterial 

diseases are mostly caused by exposure to adverse environmental conditions (such as 

poor water quality, low oxygen, high temperatures, etc.) and can lead to mass mortality of 

shrimp larvae (Dash et al., 2016).  
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The intensification in culture practices is increasing diseases levels, so pathogen 

containment is becoming increasingly important especially in shrimp farming, which 

faces some unique challenges compared to fish production. For example, shrimps do not 

have an acquired/adaptive immune system, but they depend only on the innate immunity, 

which is usually fast acting and nonspecific. Therefore, it is more susceptible to disease 

causing agents than fish and in dire need of antimicrobial usage, biosecurity measures, 

and good hygiene.  Nuez Ortin et al. (2020) conducted the first investigation of the 

antibacterial efficacy of Bacti-nil® Aqua against bacterial pathogens. While, the current 

study is the first study focusing on the potential of Bacti-nil® Aqua as a growth promoter 

of L. vannamei 

3- Growth performance indices of L. vannamei 

Growth performance indices (BW, BWG, ADG, CF, SGR and RGR) of whiteleg 

shrimps fed Bacti-nil®Aqua-supplemented diets are presented in Table (4). The BW, 

BWG and ADG of L.vannamei fed diets supplemented with different concentrations of 

Bacti-nil®Aqua (T2-T4) at different intervals were significantly higher (P < .05) than the 

control diet (T1). Therefore, the different studied concentrations of Bacti-nil®Aqua 

enhanced the growth performance and the nutrient utilization of L.vannamei. In addition, 

the T3 andT4 reflected higher values from those recorded in T2, with no significant 

differences between T3 and T4 in all intervals. The changes in the feeding rate % every 

two weeks (from 6, 5, 4, and 3% of shrimp biomass through the 4different feeding 

intervals) had no significant effect on weight (%), BWG and ADG of L. vannamei in all 

feeding intervals in both T3 and T4. Nevertheless, significant changes were recorded 

between some feeding intervals in T1 and T2, especially with the low feed rates 4 and 

3%. On the other hand, the CF values decreased with the use of the Bacti-nil®Aqua.    

In the same trend, the results showed that L. vannamei fed on the highest level of 

Bacti-nil®Aqua (T4) reflected the highest significant improvement in RGR and SGR, 

followed by T3 and T2; while, the control group (T1) exhibited the worst values.  On the 

other hand, L. vannamei fed diets supplemented with 3 and 4g/kg Bacti-nil®Aqua (T3 

and T4) recorded the highest FBW and BWG, ADG when compared to T2. 

No previous studies have demonstrated that supplementing Bacti-nil®Aqua to the diets of 

L. vannamei significantly enhanced the growth performance, while the current study 

showed that the optimal concentrations of 3 and 4% Bacti-nil®Aqua gave both the 

overall best results. These findings are supported by many studies reporting that feed 

additives lead to positive impacts on growth rates, immunological responses and 

resistance to diseases (Sirirustananun et al., 2011; Schleder et al., 2017). 

4- Body proximate composition and feed utilization indices 

The effects of Bacti-nil®Aqua-supplemented diets on the proximate whole-body 

composition and feed utilization parameters (FCR, PER and PPV) are illustrated in Table 

(5). Data in Table (1) show no significant differences in the chemical composition 

(protein, ether extract and ash) in either diet supplemented with or without different 

levels of Bacti-nil®Aqua. 
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Table 4. Means + SE of some growth performance parameters of the shrimp fed on different 

levels of dietary Bacti-nil®Aqua during different intervals 

T4 T3 T2 T1  

2.96±0.07 3.03±0.07 2.96±0.07 2.96 ± 0.07 Initial body weight at 0 day 

5.10
a
±0.08 5.03

a
±0.08 4.80

a
±0.08 4.36 

b
±0.08 Weight at the 15

th
 day 

7.46
a
 ±0.21 7.40

a
 ±0.21 7.06

ab
 ±0.21 6.26

b
±0.21 Weight at the 30

th
 

11.06
a
±0.28 10.96

a
±0.28 10.83

a
±0.28 9.06

b
±0.28 Weight at the 45

th
 

17.43
a
 ±0.36 17.43

a
 ±0.36 15.43

b
 ±0.36 12.53

c
±0.36 Final weight at the 60

th
 day 

    Weight gain(WG) 

2.13
a
±0.12 2.00

a
±0.12 1.83

ab
 ±0.12 1.40

b
±0.12 WG at 2 weeks 

2.36
a
±0.14 2.36

a
±0.14 2.26

a
±0.14 1.90

b 
 ± 0.14 WG at 4 weeks 

3.60
a
±0.13 3.56

a
±0.13 3.76

a
±0.13 2.80

b
±0.13 WG at 30-45 day 

6.36
a
± 0.14 6.46

a
± 0.14 4.60

b
± 0.14 3.46

c
± 0.14 WG at 8 weeks 

14.46
a
 ±0.40 14.36

a
 ±0.40 12.46

 b
±0.4 9.56 

c
 ±0.4 WG from 0 to 60

th
 day 

    
Condition factor (CF) 

0.57 ±0.01 0.58  ±0.01 0.59 ±0.01 0.58 ±0.01 Initial CF 

0.63
ab

 ±0.01 0.63
ab

±0.01 0.62
b
±0.01 0.64a ±0.01 Final CF 

    Average daily gain (ADG) 

0.15
a
±0.01 0.14

a
±0.01 0.13

ab
±0.01 0.10

b
±0.01 ADG 0-15 day 

0.16
a
±0.01 0.16

a
±0.01 0.16

a
±0.01 0.13

b
±0.01 ADG 15-30 day 

0.25
a
±0.01 0.25

a
±0.01 0.27

a
±0.01 0.20

b
±0.01 ADG30-45 day 

0.45
a
±0.01 0.46

a
±0.01 0.33

b
±0.01 0.25

c
±0.01 ADG45-60 day 

0.24
a
 ±0.01 0.24

a
 ±0.01 0.21

b
 ± 0.01 0.16 

c
 ±0.01 ADG from 0 to 60

th
 day 

    Relative growth rate (RGR%) 

72
.
14

a
±1.13 66.32

a
±1.13 61.92

b
±1.13 47.2

b
±1.13 RGR0-15 day 

46.3
 a
±154.9 46.96

a
±154.9 46.5

a
±154.9 43.5

b
±154.9 RGR15-30 day 

47.8
a
±3.5 48.01

a
±3.5 53.2

a
±3.5 44.6

b
±3.5 RGR30-45 day 

58.2
a
±218.0 59

.
02

a
±218.0 42.3

b
±218.0 8.01

b
±218.0 RGR45-60 day 

488.7
a
±0.8 475.1

a
±0.8 421.1

ab
±0.8 322.6

b
±0.8 RGRfrom 0 to 60

th
 day 

    Specific growth rate (SGR)% 

3.8
a
±0.23 3.62

ab
±0.23 3.43

ab
±0.23 2.76

b
±0.23 SGR0-15 day 

2.72
a
±0.12 2.74

a
±0.12 2.75

a
±0.12 2.58

a
±0.12 SGR 15-30 day 

2.81±0.09 2.81±0.09 3.05±0.09 2.63 ±0.09 SGR 30-45 day 

3.24
a
±0.06 3.31

a
±0.06 2.53

b
±0.06 2.31

b
±0.06 SGR45-60 day 

3.16
a
 ± 0.07 3.12 

a
± 0.7 2.94

a
 ±0.07 2.57 

b
±0.06 SGR from 0 to 60

th
 day 

*T1 = Control; T2, T3 and T4 are treatments supplemented with Bacti-nil®Aquaat 2, 3, and 4 

g/kg diet; SR = survival rate; means within the same row with different superscript letters (a–c) 

are significantly different (P < 0.05). 

The nutrient utilization parameters were significantly enhanced with the Bacti-

nil®Aqua dietary supplementation. Shrimp that received 3 and 4 g/kg the Bacti-

nil®Aqua (T3 and T4) presented significantly higher FCR, PER, and PPV values than 

those in T1 and T2. The best values of FCR, PER, and PPV were recorded in T4 (1.14, 

2.7, and 89.43) and T3 (1.14, 2.7, and 88.51), respectively, with no significant differences 
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between both treatments. While, the worst values were recorded in the control treatment 

T1 (1.48, 2.09, and 60.35, respectively).  

The chemical composition of L. vannamei exhibited no significant differences in 

dry matter and ash. The protein content of L. vannamei increased significantly when fed 

Bacti-nil®Aqua, compared to T1.  In contrast, the highest values of lipid were observed 

in the control treatment (T1). The growth-promoting effect of Bacti-nil®Aqua on the 

healthy digestive system can be interpreted by a stable gut microbiota, and the effective 

digestion and absorption of nutrients (Nuez-Ortin et al., 2020). 

 

Table 5. Chemical body composition of Pacific white shrimp L. vannamei and feed 

utilization   

T4 T3 T2 T1 Parameter  

79.4±0.24 79.00±0.28 79.04±0.41 79.17± 0.22 moisture % 

20.6±0.12 21.00±0.21 20.96±0.21 20.83± 0.2 Dry matter  

16.17a±0.12 16.23a±0.25 16.17
a
±0.22 15.85

b
 ±0.18 Protein  

1.77b±0.20 1.94a±0.08 1.53c±0.17 1.98a±0.28 Lipid 

3.09±0.05 2.95±0.40 3.09±0.069 3.05±0.08 Ash  

1.14c±0.02 1.14c±0.02 1.27b±0.02 1.48
a
±0.02 FCR   

2.7 ±0.01 2.7 ±0.01 2.41 ±0.01 2.09 ± 0.01 PER 

89.43±0.22 88.51±0.22 77.09±0.21 60.35± 0.21 PPV 

T1 = Control; T2 = 2 mg /kg diet; T3 = 3 mg/kg -; T4 = 4 mg Bacti-nil®Aqua /kg; means in 

the same row with different superscript letters (a–c) are significantly different (P < 0.05). 

FCR: Feed conversion ratio; (PER): Protein efficiency ratio; PPV: Protein productive value 

It is worth mentioning that, there was a direct and indirect benefit of the 

supplementation of Bacti-nil®Aqua. The direct benefit involved the synergetic blend of 

short and medium chain of organic acids, while the indirect ones included better immune 

responses, reduced liver damage, and improved growth promotion (Nuez Ortin et al., 

2020). 

5- Nonspecific immune responses and antioxidant status 

The nonspecific immune parameters, including total hematocytes count, 

phagocytic Index, lysozyme activity, and phenoloxidase activity, and antioxidant 

superoxide (dismutase activity) of shrimp are illustrated in Table (6).  

Bacti-nil®Aqua supplemented diets (T2,T3 and T4) exhibited significant  

increase in nonspecific immune responses,  THC, phagocytosis, lysozyme activity, 

phenoloxidase activity and superoxide dismutase activity compared to the control diet 

(T1), with no significant differences among T2-T4 in all the studied parameters, except 

for the phagocytic index. The current study evaluated the health benefits of Bacti-

nil®Aqua by assaying the hemolymph, which provides information closely related to the 

health and immune status of shrimp, and it plays an essential role in the physiological, 

nutrition, and immune processes (Huberman, 2000; Bachère, 2003; Ji et al., 2009). 
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Litopenaeus vannamei fed Bacti-nil®Aqua-supplemented diets showed enhanced 

nonspecific immune responses, which is very interesting as invertebrates depend entirely 

on innate immunity for internal defense against diseases (Rowley & Powell, 2007) 

through phagocytosis, which is one of the main biological defense mechanisms that 

characterizes invertebrates.    

 

Table 6. Immune and antioxidants parameters in L. vannamei fed different levels of 

Bacti-nil®Aqua-supplemented diets 

T4 T3 T2 T1 Parameter in 

hemolymph 

24.33
a
±0.6 24.6

a
±0.6 23.33 

a
± 0.6 20.3 

b
 ± 0.6 THC (×10

4
 cells/ml) 

25.03
a
 ±0.27 24.6 

a
±0.27 24.73 

a
 ±0.27 22.23

b
 ±0.27 Phagocytosis (%) 

3.76 
a
 ±0.06 3.76 

a
 ±0.06 3.20

b
 ±0.06 3.12 

b
 ±0.06 Phagocytic index 

66.6
a
 ±0.79 65.6

a
 ±0.79 65.13

a
 ±0.79 58.03

b
±0.79 Lysosomal enzyme 

activity (U l
-1

) 

23.60
a
 ±0.29 24.7

a 
±0.29 23.73 

a
±0.29 18.13

b
 ±0.29 Phenoloxidase activity 

(U/min/mg) 

0.56
a
 ±0.01 0.56

a
 ±0.01 0.56 

a
±0.01 0.36

b
 ±0.01 Superoxide dismutase 

activity (SOD) 

(U/min/mg) 

*T1 = Control; T2, T3 and T4 are treatments supplemented with Bacti-nil®Aquaat 2, 3, and 4 g/kg 

diet; THC: Total hemolymph count. Means within the same row with different superscript letters (a–c) 

are significantly different (P < 0.05). 

The role of phagocytes is not only to attack foreign agents as pathogens, but also 

activate T cells (Parham, 2015) and produce antibody signals, associated with the 

activation of acquired immunity. Furthermore, the production of haemocytes, which are 

defensive cells present in the haemolymph, is one of the defense mechanisms against 

foreign particles that is commonly found in invertebrates. These haemocytes are 

responsible for sucking pathogens and foreign substances through phagocytosis and the 

coagulation process, as well as encapsulation and enzymes secretion process that are 

responsible for the destruction of the invading elements. Data in the current study 

reflected the significant improvement in immune parameters, compared to the control 

treatment. This may be due to the immunity efficacy of Bacti-nil® Aqua that was likely 

to reduce the presence of pathogens in L. vannamei haemolymph. 

 

CONCLUSION 

 

The results of the current study demonstrated the potential use of Bacti-nil® Aqua 

as a feed additive in the Litopenaeus vannamei diet. The survival rate, growth 

performance, feed utilization, immune responses and body composition of L. vannamei 

with different levels of Bacti-nil® Aqua were higher than those recorded in the control. 
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Different concentrations of Bacti-nil® Aqua led to significant improvement in 

PER and PPV%, compared to the control treatment (T1). In addition,  L.  vannamei fed 

on Bacti-nil® Aqua-supplemented diets at 3 and4 g/kg had the best FCR, compared to the 

control group. The chemical composition of L. vannamei exhibited that, the protein 

content increased significantly in T2 to T4 with the increasing levels of Bacti-nil® Aqua, 

compared to T1. While, the highest values of lipid among all treatments were in T1. 

Bacti-nil®Aqua-supplemented diets (T2-T4) exhibited significant increase in nonspecific 

immune responses and antioxidants criteria, THC, phagocytosis, lysozyme activity, 

phenoloxidase activity and superoxide dismutase activity in respect to the control (T1). 

Overall, the current study concluded that the diet supplemented with the highest inclusion 

concentrations, 3 and 4g/kg of Bacti-nil®Aqua, resulted in enhanced growth parameters, 

survival rate, feed utilization, chemical composition, nonspecific immune responses and 

antioxidants status of L. vannamei. 
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