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Abstract 

Vibrio harveyi (V. harveyi) is a major bacterial pathogen that significantly impacts shrimp cultivation. This study 

aimed to evaluate the potential of bioflocs, harvested from shrimp pond systems, as a fishmeal substitute to combat V. 

harveyi infection in shrimp Penaeus vannamei (P. vannamei). Shrimp were fed with 6 diet formulations: Four 

experimental diets in which fishmeal was replaced with biofloc meal at 25, 50, 75 and 100 % (designated B25, B50, B75, 

and B100, respectively), a fishmeal-based control diet without biofloc (B0), and a positive control diet supplemented with 

β-glucan (BG). Feeding trials were conducted for 30 days, followed by a challenge with V. harveyi. Growth performance, 

survival rates, total hemocyte count (THC), phagocytic activity, and histopathological changes were evaluated. The results 

demonstrated that all biofloc-fed groups had growth performance comparable to the B0 and BG groups. Shrimp fed with 

the B25, B50, and B75 diets exhibited significantly enhanced immune responses, with elevated THC and phagocytic 

activity. In the V. harveyi challenge, the B25 group showed the highest survival rate among biofloc diets, comparable to 

that of the BG group. Histological analysis revealed that B25 and B50 diets reduced hepatopancreatic and muscle damage 

associated with infection. In conclusion, this study provides evidence that substituting fishmeal with biofloc (25 - 50 %) 

effectively enhances immune function and confers protection against V. harveyi infection in P. vannamei, supporting its 

potential as a sustainable functional feed ingredient in shrimp aquaculture. 

 

Keywords: Biofloc technology, Penaeus vannamei, Vibrio harveyi, Shrimp feed, Immunostimulatory activity, Total 

hemocyte count, Phagocytic activity 
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Introduction 

Shrimp aquaculture has encountered several 

challenges, particularly the rise of diseases, which have 

a substantial impact on both economic and production 

dimensions. Vibrio species are among the most 

prevalent and devastating bacterial pathogens affecting 

cultured shrimp [1,2]. Specifically, Vibrio harveyi (V. 

harveyi) has been identified as a leading cause of mass 

mortality during the grow-out period of penaeid shrimp, 

posing a significant challenge to shrimp farmers [3,4]. 

The use of antibiotics to control these infections has 

faced growing opposition due to concerns about long-

term environmental impacts, high costs, and potential 

harm to human consumers [5,6]. Additionally, research 

has demonstrated that prolonged antibiotic use can 

diminish their effectiveness by promoting the 

emergence of antibiotic-resistant bacterial strains in 

shrimp [7], and excessive antibiotic levels can adversely 

affect shrimp growth [8]. Alternative strategies have 

been explored to combat V. harveyi, including the use of 

probiotics [9], herbal extracts [10], immunostimulants 

such as β-glucan, and seaweed-derived compounds 

[11,12]. However, these approaches have limitations 

related to cost, regulatory approval, and inconsistent 

efficacy under field conditions. Thus, there is a pressing 

need for sustainable and reliable alternatives for disease 

management in shrimp aquaculture. 

In the search for more environmentally friendly 

and cost-effective treatments, biofloc technology (BFT) 

has emerged as a promising alternative [13,14]. BFT 

relies on the development of a microbial community, 

primarily composed of heterotrophic and 

chemoautotrophic bacteria [15,16]. Bioflocs consist of 

bacterial colonies, fungi, microalgae, and zooplankton 

[17,18], providing a rich source of nutrients, including 

protein, lipids, vitamins, and micronutrients [15,16]. In 

addition to their nutritional value, biofloc meals serve as 

functional supplements that enhance the health of 

shrimp and fish, particularly in intensive and semi-

intensive systems [15]. Several studies have 

demonstrated that bioflocs improve water quality by 

converting nitrogenous waste into microbial biomass, 

while simultaneously serving as a natural feed that 

improves nutrient utilization, growth performance, and 

immune function in cultured species [14,15,19-21]. 

Shrimp and fish fed nutrient-rich bioflocs also 

demonstrated better growth and feed conversion ratios, 

which reduce production costs [16,22]. In Penaeus 

vannamei (P. vannamei), most previous studies have 

focused on the effects of biofloc meal on growth 

performance and nutritional value [14,21]. However, 

research on its influence on survival and immune 

response, particularly under V. harveyi challenge, 

remains limited. 

In this study, we produced shrimp feed pellets that 

substituted fishmeal with biofloc meal to assess the 

effects of biofloc diets on growth, survival rate, and 

immune response. We also monitored survival rates 

after challenging the shrimp with V. harveyi. Our 

findings demonstrate that biofloc meal is a feasible 

protein source, with shrimp growth performance 

comparable to that achieved with conventional 

commercial feed. Furthermore, biofloc meal enhances 

shrimp immune function and provides protection against 

V. harveyi infection. 

 

Materials and methods 

Experimental animals  

Healthy P. vannamei shrimp, with an average 

weight of 5 - 6 g, were obtained from the Development 

Center and Charoen Pokpand Food Public Co. Ltd. 

(CPF), Thailand. All procedures complied with the 

Mahidol University-Institutional Animal Care and Use 

Committee (Protocol No. MUSC61-006-408, 2018). 

Shrimp were acclimatized for 7 days in bio-filter 

laboratory tanks containing artificial seawater using 

artificial sea salt (Marinium), with a salinity of 15 ppt, 

and maintained at a temperature range of 26 - 28 ℃. 

 

Biofloc preparation 

Bioflocs were collected from rearing water (~15 - 

25 ppt salinity) of shrimp cultured in canvas ponds at the 

Shrimp Village Farm, Chaiya district, Surat Thani, 

Thailand. The rearing system was based on BFT with a 

carbohydrate:nitrogen (C:N) ratio of 12:1. The collected 

bioflocs were dried at 40 ℃ for 48 h, crushed into a 

powder and manufactured into shrimp pellets. In the 

present study, we utilized commercial fishmeal (Mixed 

anchovy fish, NT Feed Company, Thailand). The 

composition of the fishmeal (% dry mass, w/w) included 

approximately 50 % crude protein, 7 % lipid, 17.10 % 

ash, and 6 % moisture. In our previous study, we 

reported the composition of bioflocs (% dry mass, w/w), 

which consisted of approximately 48 % crude protein,  
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5 % lipid, 1 % ash, and 10 % moisture [19]. The 

percentages of essential amino acids (EAA) analyzed by 

high performance liquid chromatography (HPLC) 

analysis and essential fatty acids (EFA) by gas 

chromatography (GC) analysis in our biofloc meal were 

found to be similar to those of fishmeal (Table 1).

 

Table 1 The percentages of essential amino acids (EAAs) and essential fatty acids (EFAs) of biofloc powder and fishmeal. 

Essential amino acids (EAAs) 

(g/100 g protein) 

Dried bioflocs 

[19] 

Fishmeal 

[23] 

Arginine 3.90 3.82 

Histidine 6.55 1.45 

Isoleucine 2.82 2.66 

Leucine 3.90 4.48 

Lysine 4.71 4.72 

Methionine 1.64 2.31 

Phenylalanine 3.07 4.35 

Threonine 3.75 2.31 

Tryptophan 5.44 0.57 

Valine 3.68 2.77 

Essential fatty acids (EFAs) 

(g/100 g lipid) 

Dried bioflocs 

[19] 

Fishmeal 

[24] 

Linoleic acid 0.19 0.06 

Linolenic acid 0.08 0.02 

Docosahexaenoic 0.30 0.16 

Eicosapentaenoic acid 0.25 0.17 

 

Experimental diets 

Four biofloc diet regimens were prepared by 

substituting fishmeal with biofloc at different 

percentages of dry mass (w/w): 25, 50, 75 and 100 %, 

named B25, B50, B75, and B100, respectively. The 

composition of each biofloc diet is shown in Table 2. 

All diets were formulated to maintain a consistent total 

protein content of 37 %. Two control diets were 

included, one was a normal control feed, without biofloc 

meal (B0) and the other was a positive control feed, 

normal feed with an addition of β-glucan (BG). A total 

of 540 shrimp were equally distributed into 18 tanks, 

with 30 shrimp per tank. Each diet was administered to 

three tanks to account for biological variation. Shrimp 

were fed twice daily at 8 AM and 4 PM, with the daily 

feeding amount of 7 % of body weight, for 30 days.

 

Table 2 Formulation of control diet (B0), β-glucan supplemented diet (BG) and biofloc meal substituted diets (B25, B50, 

B75, B100). All diets were formulated such that the total protein content amounted to 37 %. Mineral premix and vitamin 

premix were prepared according to [25]. 

Ingredients (%) B0 BG B25 B50 B75 B100 

Fishmeal 60.0 60.0 45.0 30.0 15.0 0.0 

Biofloc meal 0.0 0.0 15.0 30.0 45.0 60.0 

Soybean meal 13.6 13.6 14.6 15.5 16.5 17.4 

Wheat gluten 3.5 3.5 3.5 3.5 3.5 3.5 

Squid oil 2.0 2.0 2.0 2.0 2.0 2.0 

Soybean lecithin 1.5 1.5 1.5 1.5 1.5 1.5 
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Ingredients (%) B0 BG B25 B50 B75 B100 

Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5 

Wheat flour 12.0 12.0 12.0 12.0 12.0 12.0 

Cellulose 5.2 5.0 4.2 3.3 2.3 1.4 

Mineral premix* 1.0 1.0 1.0 1.0 1.0 1.0 

Vitamin premix** 0.7 0.7 0.7 0.7 0.7 0.7 

β-glucan 0.0 0.2 0.0 0.0 0.0 0.0 

*Mineral premix (mg or g kg−1 diet): Na F, 2 mg; KI,0.8 mg; Co Cl2·6H2O (1%), 50 mg; Cu SO4· 5H2O, 10 mg; FeSO4· 

H2O, 80 mg; ZnSO4·H2O, 50 mg; Mn SO4·H2O,25 mg; MgSO4· 7H2O, 200 mg; Zoelite, 4.582 g. 

**Vitamin premix (mg or g kg−1 diet): thiamin, 10 mg; riboflavin, 8 mg; pyridoxine HCl, 10 mg; vitamin B12, 0.2 mg, 

vitamin K3, 10 mg; inositol, 100 mg; pantothenic acid,20 mg; niacin acid, 50 mg; folic acid, 2 mg; biotin, 2 mg; retinol 

acetate, 400 mg; cholecalciferol, 5 mg; alpha-tocopherol, 100 mg; ethoxyquin, 150 mg; wheat middling, 1.1328 g. 

 

Growth and survival rates of shrimp 

The assessment of shrimp growth performance 

included the determination of final body weight, weight 

gain, specific growth rate (SGR), feed conversion ratio 

(FCR), and survival rate after the 30-day feeding 

treatment. These parameters were calculated using the 

following formulas [26]: 

 

Weight gain (%) =100 × [(Final body weight) - (Initial body 

weight)] / Initial body weight                                               (1) 

                                                                              

Specific growth rate(%/day) = 100 × [Ln (Final body 

weight) - Ln (Initial body weight)] / Experiment 

duration(days)          (2) 

 

Feed conversion ratio = Total dry weight of feed offered 

/ Total shrimp weight gained                                                  (3) 

 

Survival rate (%) = 100 × (Final shrimp count / Initial 

shrimp count)                                                                              (4) 

 

Immune parameters examination 

Total haemocyte count (THC) and phagocytic 

activity in shrimp from each diet group were examined 

on days 0, 7, 21, and 30. 

 

Total haemocyte count  

The THC were measured according to the 

previously described method [27]. Briefly, hemolymph 

(50 µL) was drawn at the ventral sinus from each 

shrimp, fixed (1:1) with 10 % formalin in 0.45 M NaCl 

(50 µL), and incubated at room temperature for 10 min. 

A 10 µL sample was then added to a hemocytometer and 

incubated for 5 min at room temperature before being 

counted. THC was assessed as the number of cells/mm3.   

 

Phagocytic activity  

Phagocytic activity of circulating hemocytes was 

assessed using the latex beads method as previously 

described [28], with a slight modification. Hemolymph 

(50 µL) was drawn into a syringe containing 50 µL of 

an anticoagulant solution (30 mM trisodium citrate, 0.34 

M sodium chloride, and 10 mM EDTA-Na2, pH of 7.5). 

The osmolality was adjusted to 780 mOsm/kg using 

0.115 M glucose, and incubated at room temperature for 

10 min. The mixture was transferred to a microfuge 

tube, centrifuged for 5 min at 10,000 rpm at 4 ℃, then 

200 µL of phosphate-buffered saline (PBS) was added. 

The haemocyte solution was mixed with the latex beads 

(108 beads/mL, particle diameter 1.094 Å) at a 1:1 ratio, 

and then 10 µL of the solution was dropped onto a glass 

slide. The slides were fixed with 4 % paraformaldehyde 

for 20 min, washed, and stained with 10 µL of Giemsa 

dye for 5 min. The phagocytic haemocytes were 

observed under a light microscope (Axioskop 40, Zeiss, 

Germany). Phagocytic activity was quantified by 

calculating the number of cells that ingested beads per 

200 cells as follows: 

 

Phagocytic activity (%) = [Number of bead ingested cells / 

Number of cells observed] × 100                                            (5) 

 

Shrimp challenge test 

A total of 630 P. vannamei shrimp (5 - 6 g) were 

equally distributed into 21 tanks, with 30 shrimp per 

tank (3 tanks for each of the 7 experimental groups). 
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Group I consisted of shrimp fed a normal diet, serving 

as the normal (uninfected) control (B0). Group II 

comprised shrimp fed a normal diet and subsequently 

challenged with V. harveyi (VH1114 strain), as an 

infected control shrimp (B0-V). Groups III, IV, V, VI, 

and VII consisted of shrimp fed BG, B25, B50, B75, and 

B100 biofloc diets, respectively, and were challenged 

with V. harveyi (named BG-V, B25-V, B50-V, B75-V, 

and B100-V, respectively). Shrimp were fed daily diets 

corresponding to their respective groups for 7 days prior 

to V. harveyi immersion. On day 8, the shrimp were 

immersed in 150 mL of fresh bacterial culture, 

containing approximately 1×108 colony forming units 

(CFU) mL−1 of V. harveyi, for 15 min before being 

transferred to a 15 L tank containing artificial seawater 

prepared with artificial sea salt (Marinium) at 15 ppt 

salinity, a final bacterial concentration of  

1×106 CFU mL−1 [29]. Shrimp mortality rates were 

monitored daily for 14 days, and 3 shrimp from each 

tank were collected for histopathological examination 

on days 1 and 6 after bacterial immersion. Shrimp 

hepatopancreas and muscles were collected (size 

0.5×0.5 cm), fixed in Davidsonʼs fixative for 24 h, and 

then processed for standard histological analysis. The 

tissues were stained with standard hematoxylin and 

eosin solution (H&E), and observed under a light 

microscope (Axioskop 40, Zeiss, Germany). 

 

Statistical analysis  

Data were presented as mean ± SD of triplicate 

samples, analyzed using one-way ANOVA followed by 

Tukeyʼs test for comparisons involving more than three 

groups. A p-value less than 0.05 was considered 

statistically significant. All data were plotted and 

analyzed using GraphPad Prism 9 software. 

 

Results 

The biofloc diets enhanced the growth and 

survival rates of shrimp 

Our 30-day feeding trial showed that all biofloc 

diets promoted weight gain, SGR, and FCR similar to 

the fishmeal (B0) and β-glucan (BG) supplemented 

diets. There were no significant differences in SGR and 

FCR among treatment groups (p > 0.05). The weight 

gain of all biofloc diets [B25 (41.35 ± 0.72), B50 (40.62 

± 0.88), B75 (40.21 ± 0.84) and B100 (40.08 ± 0.78)] 

was significantly higher compared to that in the control 

group (35.42 ± 0.92). Notably, the survival rates of 

shrimp fed biofloc diets B25 (93.33 ± 6.67 %) and B50 

(91.52 ± 1.92 %) were significantly higher compared to 

those in the B75 (88.11 ± 3.33 %) and B100 (86.08 ± 

1.92 %) groups. The survival rates of the B25 group 

were close to those of the BG shrimp (94.40 ± 1.92 %), 

but higher than those of the commercial feed (B0) group 

(79.07 ± 3.33 %) (Table 3). 

 

Table 3 The growth performance and survival rate of P. vannamei after 30 days of feeding with bioflocs substituted diets 

(B25, B50, B75, B100) and BG compared to control diet (B0). Shrimp fed with bioflocs substituted fishmeal showed 

enhanced weight gain, SGR (specific growth rate) and decreased FCR (feed conversion ratio) comparable to shrimp fed 

with fishmeal diet and β-glucan supplemented diet (fishmeal-based). Consistently, the survival rate of bioflocs fed groups 

were higher than that of control shrimp, and can be comparable to that of β-glucan supplemented shrimp. Data are 

presented as a mean of triplicate independent experiments (mean ± SD). *indicates value significantly different from the 

control (p < 0.05). 

Parameters B0 BG B25 B50 B75 B100 

Initial weight (g) 5.31 ± 1.59 5.37 ± 1.60 5.25 ± 1.69 5.49 ± 1.78 5.41 ± 1.77   5.45 ± 1.65 

Final weight (g) 5.58 ± 2.24 7.70 ± 2.30 7.75 ± 2.43 7.56 ± 2.39 7.64 ± 2.51   7.69 ± 2.36 

Weight gain (%)     35.42 ± 0.92 41.95 ± 0.80* 41.35 ± 0.72* 40.62 ± 0.88* 40.21 ± 0.84*   40.08 ± 0.78* 

SGR
a
 (% day

−1
)  0.75 ± 0.01 0.76 ± 0.00 0.75 ± 0.00 0.75 ± 0.12 0.74 ± 0.26   0.74 ± 0.45 

FCR
b
  1.62 ± 0.10 1.59 ± 0.06 1.64 ± 0.01 1.65 ± 0.03 1.69 ± 0.11   1.69 ± 0.05 

Survival rate (%)     79.07 ± 3.33 94.40 ± 1.92* 93.33 ± 6.67* 91.52 ± 1.92* 88.11 ± 3.33* 86.08 ± 1.92 

SGRa = Specific growth rate; FCRb = Feed conversion ratio. 
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The biofloc diets enhanced the immune 

response in shrimp  

The THC values in the B25, B50, and BG biofloc-

fed groups exhibited a sharp increase on day 7 compared 

to the initial count and the control diet (B0), and this 

increase continued to rise through the end of the 

experiments (day 30) (Table 4). Notably, the most 

significant increase in THC was observed in the B25 

group, with values similar to those in the BG group, 

followed by the B50, B75, and B100 groups. 

Furthermore, the phagocytic activity of the B25, B50, 

B75, and B100 shrimp showed a significant increase on 

day 7 compared to the control, and these elevated levels 

persisted through day 30 (Table 4). Among all the time 

points, the B25 group consistently exhibited the highest 

phagocytic activity, which was similar to that of the BG 

shrimp.

 

Table 4 The total haemocyte count (THC) and phagocytic activity of P. vannamei fed with biofloc substituted diets (B25, 

B50, B75, and B100) compared to control (B0) and β-glucan (BG) supplemented diets on day 7, 21, and 30 of biofloc 

administration. The most pronounced increased THC and phagocytic activity were observed in B25 and β-glucan 

supplemented shrimp. Data are presented as a percentage of control (mean ± SD of triplicate independent experiments). 

*indicates values significantly different from B0 shrimp (p < 0.05).  

Day B0 BG B25 B50 B75 B100 

THC (x 10
6
 cells) 

0 5.38 ± 0.32 5.38 ± 0.32 5.38 ± 0.32 5.38 ± 0.32 5.38 ± 0.32 5.38 ± 0.32 

7 6.69 ± 0.49 11.92 ± 0.17* 11.52 ± 0.61* 9.13 ± 0.58* 6.13 ± 0.32 6.90 ± 0.26 

21 5.61 ± 1.25 11.97 ± 0.05* 12.42 ± 0.56* 10.58 ± 0.17* 8.14 ± 0.50 7.94 ± 0.68 

30 5.43 ± 0.27 14.32 ± 0.19* 14.28 ± 0.35* 12.12 ± 1.26* 7.78 ± 0.15* 7.00 ± 0.07 

Phagocytic activity (%) 

0 15.83 ± 0.29 15.83 ± 0.29 15.83 ± 0.29 15.83 ± 0.29 15.83 ± 0.29 15.83 ± 0.29 

7 16.61 ± 0.34 22.07 ± 0.07* 21.17 ± 0.29* 20.00 ± 1.00* 19.17 ± 0.76* 18.67 ± 0.29* 

21 17.28 ± 0.26 22.40 ± 0.35* 22.33 ± 0.58* 20.92 ± 0.89* 20.00 ± 0.50* 20.00 ± 0.50* 

30 15.34 ± 0.30 24.45 ± 0.51* 25.17 ± 1.04* 22.67 ± 0.29* 20.17 ± 0.58* 19.00 ± 0.50* 

 The bioflocs diet exhibited a protective effect 

against shrimp mortality caused by V. harveyi 

On day 1 following V. harveyi immersion, all 

infected groups began to show signs of mortality, 

whereas the normal control (B0) shrimp remained 100% 

alive. However, the B25-V, B50-V, and BG-V groups 

demonstrated lower mortality rates compared to the 

infected control (B0-V), as well as the B75-V and B-

100-V shrimp, across all observed time points. 

Specifically, on day 1, the mortality rate for B0-V 

shrimp was 12.22 ± 3.85 %, whereas it was 5.55 ± 3.85 

%, 4.44 ± 1.93 %, 10.00, 20.00 and  

26.67 % for the biofloc groups (BG-V, B25-V, B50-V, 

B75-V, and B100-V, respectively). By day 8, the 

mortality rate for B0-V shrimp had reached 100 %, 

while it was 47.77 ± 1.93 %, 45.55 ± 1.92 %, 47.79 ± 

1.92 %, 80.00 and 92.22 % ± 1.92 % for the BG-V, B25-

V, B50-V, B75-V, and B100-V groups, respectively. On 

Day 14, the mortality rates for BG-V, B25-V, B50-V, 

B75-V, and B100-V were 47.77 ± 1.93 %, 45.55 ± 1.92 

%, 50.00 ± 0.00, 80.00 ± 0.00, and 92.22 ± 1.92 %, 

respectively (Figure 1). Statistical analysis using one-

way ANOVA followed by Tukeyʼs post hoc test 

revealed that the survival rates of the BG, B25, and B50 

groups were significantly higher than those of the B0-V 

group (p < 0.05).
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Figure 1 Percent cumulative mortality of shrimp post V.  harveyi (VH1114) immersion for 14 days. B0, normal 

(uninfected) shrimp; B0-V, V. harveyi-infected control shrimp; BG-V, β-glucan fed shrimp and V. harveyi infected; B25-

V, B50-V, B75-V and B100-V, bioflocs fed shrimp at 25, 50, 75 and 100 % substitution, respectively, and V. harveyi 

infected. Data are presented as mean ± SD from three independent experiments. *indicates values significantly different 

from B0-V shrimp and #indicates values significantly different from BG-V shrimp (p < 0.05).  

 

The bioflocs diet prevented histopathological 

changes in hepatopancreas and skeletal muscles 

caused by V. harveyi infection 

The control group (B0), BG-V, B25-V, and B50-

V shrimp exhibited normal hepatopancreatic tubules 

with the characteristic features of b (blister-like), f 

(fibrillar), and r (resorptive) cells surrounding the 

hepatopancreatic (HP) tubule lumen (Figures 2(A) - 

2(D)). Similarly, for the skeletal muscle, the control 

group (B0), BG-V, B25-V, and B50-V shrimp displayed 

normal muscle tissue features (Figures 3(A) - 3(D)). In 

contrast, shrimp infected with V. harveyi (B0-V) 

presented histopathological signs of bacterial infection 

in the hepatopancreas. These signs included the 

presence of melanized necrotic cells, haemocyte 

infiltration, severe hepatopancreatic epithelium 

collapse, a substantial reduction in R and B cells, and 

severe sloughing of HP tubule epithelial cells (Figures 

2(E) - 2(F)). Furthermore, these shrimp groups 

exhibited histopathological signs of bacterial infection 

in the skeletal muscle, including necrotic (melanized 

necrotic) muscle fibers and severe haemocyte 

infiltration (Figures 3(E) - 3(F)). The B75-V and B100-

V shrimp showed both intact hepatopancreatic tubules 

and skeletal muscles in some areas (Figures 2(G) and 

3(G)), while other areas displayed signs of tissue 

damage (Figures 2(H) and 3(H)).
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Figure 2 Photomicrographs depicting the hepatopancreas of shrimp after immersion in V. harveyi (VH1114). (A) Control 

uninfected shrimp (B0) and (B), (C), (D) BG-V, B25-V, and B50-V shrimp displayed normal features of hepatopancreatic 

tubules, with characteristic b (blister-like), f (fibrillar), and r (resorptive) cells surrounding the l (lumen). (E) and (F) 

Hepatopancreatic tissues of B0-V shrimp exhibited tubule destruction, melanized necrotic cells (m), haemocyte 

infiltration (hi), hepatopancreatic epithelium collapse, and severe sloughing of HP tubule epithelial cells (arrows). B75-

V and B100-V shrimp displayed both (G) areas with normal hepatopancreatic features and (H) areas with melanized 

necrotic cells, haemocyte infiltration, and hepatopancreatic epithelium collapse. Scale bar = 50 µm. 
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Figure 3 Photomicrographs illustrating the skeletal muscle of shrimp after immersion in V. harveyi (VH1114). Oblique 

sections of skeletal muscles in (A) control, uninfected shrimp (B0) and in (B) BG-V, (C) B25-V, and (D) B50-V shrimp 

displaying normal muscle features. (E) and (F) Transverse sections of skeletal muscle in B0-V shrimp showing muscle 

damage, necrotic muscle fibers (n), and haemocyte infiltration (hi). (G) and (H) Longitudinal sections of skeletal muscles 

in B75-V and B100-V shrimp exhibiting both (G) areas with normal muscle features and (H) areas with muscle damage 

and haemocyte infiltration. Scale bar = 50 µm. 

 

Discussion 

Fishmeal protein is a vital nutritional requirement 

in aquaculture feed [30]. However, fishmeal has become 

increasingly expensive due to limited supply. This 

shortage is driven by climate change, overfishing, and 

the collapse of ocean fishery stocks [31]. Thus, there is 

a pressing need to find alternative protein sources that 

are environmentally friendly and cost-effective for 

aquaculture feed formulations. This study proposes the 

substitution of bioflocs for fishmeal in shrimp diets. We 

demonstrate that bioflocs collected from shrimp ponds 

utilizing liquid molasses as a carbon source can serve as 

a viable protein source, comparable to commercial feed. 

This substitution supports shrimp growth comparable to 

commercial feed containing fishmeal. Additionally, 

bioflocs have significant potential to enhance shrimp 

immune parameters and protect shrimp from mortality 

from V. harveyi infection. 

According to [32], standard juvenile penaeid 

shrimp feed pellets should contain high protein (> 400 

g/kg), sufficient lipid (100 g/kg), and low ash contents 

(160 g/kg). In this study, our biofloc powder has amino 
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acid and fatty acid profiles similar to those of 

commercial fishmeal, containing a crude protein content 

of approximately 480 g/kg, with crude lipid, moisture, 

and ash levels within the FAOʼs recommended range 

[19]. We formulated feed pellets to test the effects of 

bioflocs on growth and immunity in P. vannamei. Each 

pellet contained a different level of biofloc meal 

replacing fishmeal. Our feeding trial showed that biofloc 

substituted for fishmeal enhanced weight gain, SGR, 

and decreased FCR at levels comparable to those of 

fishmeal and β-glucan-supplemented feeds. These 

results suggest that biofloc meal effectively supports 

shrimp growth similar to commercial feeds.  

In P. vannamei, the enhanced growth performance 

by bioflocs is associated with an increased production of 

digestive enzymes [33]. This effect is attributed to 

probiotics presented in bioflocs, which may modulate 

microbial community in the shrimp gastrointestinal tract 

by promoting the growth of beneficial bacteria and 

suppressing the growth of pathogenic species [34]. 

Probiotics such as Bacillus and Lactobacillus are known 

to stimulate the production of endogenous enzymes in 

the hepatopancreas and gastrointestinal tract. This 

stimulation improves nutrient absorption and feed 

utilization. As a result, shrimp exhibit higher growth 

rates and a reduced FCR [9]. In our previous study, we 

used 16S rRNA sequencing to identify probiotics in 

biofloc samples. The analysis revealed that Bacillus 

species made up approximately 2 % of the microbial 

population [35]. This may help explain why the B25 and 

B50 diets resulted in optimal growth performance in 

juvenile P. vannamei. Our findings are consistent with 

previous reports showing that biofloc-based diets 

improve growth performance and feed efficiency. These 

improvements are typically reflected by increased SGR 

and reduced FCR. Similar results have been observed in 

Penaeus monodon [19], P. vannamei [20], Penaeus 

indicus [21], Macrobrachium rosenbergii [36], and Nile 

tilapia [15]. These consistent outcomes across species 

support the broader application of bioflocs as a fishmeal 

substitute in aquaculture.  

We also investigated whether bioflocs exhibit 

immune-stimulating activity in P. vannamei by 

comparing their effects with β-glucan supplementation. 

Several studies have identified THC and phagocytic 

activity as reliable indicators for immune status in 

shrimp [12,37,38]. In this study, we specifically focused 

on assessing these two immune parameters. Hemocyte 

cells play a central role in the innate immunity of shrimp 

by participating in phagocytosis, prophenoloxidase 

activity, and encapsulation of invading pathogens. 

These activities are key components of the nonspecific 

immune response of shrimp [39]. Previous research has 

reported that bioflocs contain microbial-associated 

molecular patterns (MAMPs), such as 

lipopolysaccharides and peptidoglycan, both of which 

are crucial components for the pattern-recognition 

receptor system in shrimp. This system stimulates 

cellular and humoral immune responses, including an 

increased number of hemocytes [40]. In our study, 

biofloc-supplemented diets increased THC and 

phagocytic index to levels comparable to those induced 

by β-glucan supplementation. In particular, the 25 % and 

50 % biofloc substitution diets (B25 and B50) produced 

marked increases in THC after 7 days of feeding. These 

elevated levels were sustained throughout the 

experiment period. Shrimp fed the B25 and B50 diets 

also exhibited improved survival rate of approximately 

60 % following V. harveyi infection, comparable to 

shrimp receiving β-glucan supplementation. These 

findings are consistent with previous studies reporting 

improved survival in shrimp fed biofloc diets and 

challenged with Vibrio parahaemolyticus [19,21]. 

Furthermore, daily feeding with biofloc diets containing 

25 and 50 % fishmeal substitution also enhanced 

immune parameters. This immune stimulation was 

correlated with higher survival in shrimp challenged 

with V. harveyi. Similar immune-boosting effects have 

been observed in other cultured shrimp species [40,41]. 

In crustaceans, the hepatopancreas is a typical 

target of V. harveyi. Histopathological signs of V. 

harveyi infection include separation of HP epithelial 

cells, HP tubule damage/rupture, melanized haemocytic 

nodules, melanized necrotic cells, and haemocyte 

infiltration within interstitial tissue and sinuses [1]. 

Additionally, Vibrio spp. has been shown to destroy 

skeletal muscles in shrimp, demonstrating necrotic 

(melanized necrotic) muscle fibers, haemocytic nodules, 

and severe haemocyte infiltration [42-44]. Our 

histological findings in the B25 and B50 shrimp 

revealed close-to-normal features of the hepatopancreas 

and skeletal muscle. Hence, this evidence suggests that 

biofloc substitution for fishmeal at 25 and 50 % 

enhances the immune response in penaeid shrimp and 
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effectively protects them from Vibrio species. Further 

investigation into the underlined enhanced immune 

parameters in shrimp and the protective mechanisms of 

bioflocs against V. harveyi would help in understanding 

the role of bioflocs and identifying the optimum biofloc 

regimens for controlling vibriosis in aquatic farms. 

 

Conclusions 

This study demonstrates that partial replacement 

of fishmeal with biofloc meal at levels of 25 - 50 % 

supports the growth of P. vannamei, significantly 

enhances immune responses, and improves survival 

against V. harveyi infection. Shrimp fed biofloc-based 

diets showed growth performance comparable to those 

receiving conventional commercial feed, with increases 

in total hemocyte count and phagocytic activity. 

Notably, the 25% biofloc substitution diet protects V. 

harveyi, comparable to the β-glucan-supplemented diet. 

These findings highlight the potential of biofloc meal as 

a sustainable, functional feed ingredient in shrimp 

aquaculture, reducing dependence on antibiotics and 

supporting environmentally responsible farming 

practices. 
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