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Abstract 
This study conducted over a 45-day period examined how different feeding strategies affect green tiger shrimp 
(Penaeus semisulcatus) development in biofloc aquaculture systems. The investigation focused on juvenile 
shrimp with an initial mean weight 2.85 ± 0.22 g, distributed across various experimental conditions. Five 
distinct treatment groups were considered, each consisting of tanks with a volume of 150 L of filtered 
seawater. Each tank was stocked with 53 shrimp, maintaining a stocking density of ~1 g L–1. Four groups 
utilised biofloc technology (BFT) with varying feeding levels: 0% (BFT0), 2% (BFT2), 4% (BFT4) and 6% (BFT6) of 
body weight per day. One additional group served as control, using a clear water system with feeding level of 
6% (CW6) body weight daily. The BFT systems successfully maintained optimal water parameters despite 
minimal water exchange requirements. Performance metrics indicated that shrimp in the BFT4 and BFT6 
groups achieved higher biomass production and survival rates. Biochemical analyses demonstrated enhanced 
nutritional profiles (protein, lipid and ash) in BFT-treated specimens. Antioxidant enzyme activity was 
significantly elevated in BFT systems, indicating improved overall health status. Superoxide dismutase (SOD), 
catalase (CAT) and glutathione peroxidase (GPx) activities were significantly higher in BFT groups than control. 
These findings suggest that feeding juvenile green tiger shrimp at 4% body weight within a BFT system 
represents an optimal strategy, achieving balanced growth performance while maintaining superior water 
quality and enhanced animal health indicators without compromising survival rates or body composition.   
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1 | INTRODUCTION 
The rapid growth of aquaculture is crucial for meeting the 
rising global demand for aquatic foods (FAO 2024). Aqua-
culture has the potential to play a significant role in en-
hancing food security; therefore, it must prioritise sus-

tainability in its future developments to ensure long-term 
viability and minimize environmental impacts (Keshavar-
zifard et al. 2020; Emerenciano et al. 2025; Haque and 
Mahmud 2025;). This commitment to sustainability in-
volves not only the efficient use of resources but also the 
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adoption of practices that protect aquatic ecosystems and 
promote the health of cultured species (Khanjani 2025). 

Crustacean production has seen remarkable growth, 
accounting for 24.6% of the total increase in aquaculture 
output. In comparison, finfish contributed 58.1%, while 
molluscs represented 15.6% (FAO 2022). Notably, crusta-
cean production reached approximately 23.11 million 
tons in 2022, which constitutes 2.9% of global aquacul-
ture production. This growth highlights the increasing 
relevance of shrimp farming within the broader context of 
aquaculture, as it plays a critical role in ensuring global 
food security and improving production efficiency (Shari-
finia et al. 2025). The significant rise in crustacean pro-
duction not only reflects the industry's evolution but also 
highlights the necessity for sustainable practices in shrimp 
farming to meet the rising demand and enhance the 
overall effectiveness of aquaculture (FAO 2024). 

The Penaeidae family, which includes economically 
significant shrimp species, plays a crucial role in the aqua-
culture sector. Among these, the green tiger shrimp (Pe-
naeus semisulcatus) stands out as a prominent species in 
the Persian Gulf and the Sea of Oman. This shrimp is 
characterised by its extensive distribution, spanning from 
the Indian Ocean to the Red Sea, and is recognised as a 
key commercial species in the Persian Gulf region. The 
high market demand for P. semisulcatus not only sup-
ports local fisheries but also provides substantial income 
for fishers involved in its capture and aquaculture (Kaya 
et al. 2020; Mohammad Moradi et al. 2023). 

Understanding the feeding behaviour of P. semisul-
catus is essential for optimising its cultivation. Research 
indicates that this species primarily consumes a diverse 
diet, including benthic invertebrates, plankton and detri-
tus (Al-Maslamani et al. 2007; Mohammad Moradi et al. 
2023). This opportunistic feeding strategy underscores 
the importance of providing a balanced diet that meets 
the nutritional requirements of shrimp in aquaculture 
settings. Notably, feed costs constitute a significant por-
tion of total aquaculture expenses, accounting for 40 – 
50% (Rather et al. 2024). This substantial expenditure 
emphasizes the necessity for innovative technologies that 
can minimize feed waste and ultimately reduce overall 
production costs. In this context, the implementation of 
biofloc technology (BFT) emerges as a compelling solu-
tion. BFT not only enhances feed efficiency by promoting 
the growth of beneficial microorganisms that can be uti-
lised as a supplementary food source but also contributes 
to a more sustainable aquaculture system. By adopting 
BFT, aquaculture operations can effectively address the 
challenges posed by high feed costs while improving 
productivity and environmental sustainability (Emeren-
ciano et al. 2025). 

One such innovation is BFT, which has emerged as a 
promising approach in shrimp farming (Khanjani et al. 
2025a). BFT is characterised by limited water exchange, 

which helps maintain water quality while promoting the 
growth of microbial biomass (Khanjani et al. 2024a). This 
microbial biomass can serve as a supplementary food 
source for cultured species, thereby decreasing reliance 
on traditional feed inputs (Khanjani and Alizadeh 2024). 
The application of BFT in shrimp aquaculture has gained 
popularity in recent years, with studies demonstrating its 
effectiveness in enhancing growth and reducing feed 
costs across various species, including Penaeus vannamei 
(Addo et al. 2023), P. monodon (Anand et al. 2014), Fen-
neropenaeus merguiensis (Khanjani and Sharifinia 2022), 
F. indicus (Effendy et al. 2016), Metapenaeus monoceros 
(Kaya et al. 2019), P. aztecus (Kaya 2025) and P. semisul-
catus (Kaya et al. 2020). Specifically, Megahed (2010) 
highlighted that BFT could mitigate feed costs while im-
proving water quality in intensive farming systems for P. 
semisulcatus. Implementing BFT for this species can im-
prove cultivation efficiency in land-based production sys-
tems (Kaya et al. 2020).  

An effective feeding strategy is essential in shrimp 
farming, as it promotes growth through optimal feed uti-
lization while minimising environmental impact (Sharifinia 
et al. 2023a, 2023b; Sharifinia 2025). Understanding the 
optimal feeding rate is crucial for maximising yield per 
unit area and ensuring profitable shrimp culture. Alt-
hough BFT systems offer nutritional benefits, quantifying 
these contributions can be challenging due to the variabil-
ity in nutrient profiles based on the carbon sources used 
(Khanjani and Sharifinia 2024). Current practices in indus-
trial shrimp farming often rely on predetermined feeding 
schedules based on expected growth patterns, rather 
than directly monitoring the animals’ needs (Ullman et al. 
2017). 

Shrimp exhibit distinct feeding characteristics that 
significantly influence aquaculture operations. Their op-
portunistic feeding behaviour, along with external han-
dling of feed before ingestion and substrate-based feed-
ing preferences, results in prolonged feed exposure in 
water systems (Garlock et al. 2020). This biological trait 
introduces important considerations for BFT systems, 
where different feeding strategies can have cascading 
effects throughout the entire cultivation process. Under-
standing these dynamics is crucial for optimizing feeding 
practices and enhancing overall shrimp production effi-
ciency. 

The differences between the current study and Kaya 
et al. (2020) study is in the initial weight of shrimp, rear-
ing period, stocking density, volume of culture, carbon to 
nitrogen ratio, percentage of feeding to body weight, and 
carbon source used in the BFT system, which can affect 
the system performance. The present study aims to inves-
tigate the effects of varying feeding levels on water quali-
ty, growth performance, body composition, and antioxi-
dant enzyme activities in the hepatopancreas of Penaeus 
semisulcatus within a BFT system.  
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By exploring these aspects, this research seeks to 
provide valuable insights into effective feed management 
strategies that can enhance the sustainability and produc-
tivity of shrimp aquaculture. Specifically, the study will 
assess how different feeding levels impact the growth 
rates of P. semisulcatus, identifying optimal feeding strat-
egies that maximize biomass production while minimizing 
feed costs. Additionally, it will analyse the body composi-
tion of shrimp under various feeding regimes, focusing on 
key nutritional parameters such as protein, lipid and 
moisture content, which are critical for determining both 
the market value and nutritional quality of the shrimp. 
This investigation goes beyond basic growth metrics to 
examine the intricate physiological mechanisms that gov-
ern shrimp health. By focusing on antioxidant enzyme 
activity within the hepatopancreas-a vital organ responsi-
ble for digestion, metabolism, and immune function-the 
research aims to elucidate how different feeding regi-
mens influence the biological stress management systems 
of P. semisulcatus. 
 
2 | METHODOLOGY 
2.1 Experimental design and conditions 
A comprehensive aquaculture study was conducted at the 
Kolahi marine shrimp facility in Iran's Hormozgan prov-
ince, spanning over 45 days in June and August 2024. The 
research utilised juvenile green tiger shrimp (P. semisulca-
tus) with carefully controlled initial specifications: mean 
weight of 2.85 ± 0.22 g. Prior to experimentation, speci-
mens underwent acclimatisation in 150 m2 ponds at a 
dedicated breeding centre in Jask. For the present exper-
iment, the effect of different feeding levels on green tiger 
shrimp performance was investigated in two clear water 
and biofloc systems. The experimental design incorpo-
rated 5 distinct treatment groups in 3 repetitions. The 
experimental setup consisted of 15 specially designed 
polyethylene tanks, featuring a graduated diameter con-
figuration (70 cm base, 80 cm top and 60 cm height) with 
0.38 m2 of bottom area. Each tank was filled with 150 L of 
filtered seawater and stocked with 53 shrimp, maintain-
ing a precise density of ~1 g L–1. Control group included 

CW6 (6% body weight feeding) while BFT treatments 
comprised BFT6 (6% body weight feeding), BFT4 (4% body 
weight feeding), BFT2 (2% body weight feeding) and BFT0 
(no commercial feed feeding) (Table 1). Water manage-
ment protocols differed significantly between treatment 
types, with control group receiving substantial daily water 
exchanges (35 – 50%) and BFT treatments maintaining 
minimal water exchange (0.5 – 1% daily); biofloc-based 
tanks received initial inoculation (0.5 mL biofloc per liter). 
Feeding schedules were standardised across all groups, 
with three daily feedings at fixed intervals (08:00, 14:00 
and 20:00) using a uniform diet composition containing 
38% protein, 9 % lipid and 14 % ash. 

Preparation of the BFT system began well in advance 
of the main experiment, utilizing three large-scale vessels 
with a 2000 L capacity. For the BFT0 treatment, biofloc 
was filtered daily using a mesh with 20-micron openings, 
with a quantity of 5 to 10 mL being added to the culture 
tanks from the biofloc production tanks. The inoculum 
development process was initiated 20 days prior to the 
commencement of feeding trials. To establish optimal 
microbial growth conditions, starch was selected as the 
primary carbon source, chosen for its high dry matter 
content (90.18%) and substantial carbohydrate concen-
tration (98.90%). Following established principles of mi-
crobial cultivation, careful attention was paid to achieving 
a specific carbon-to-nitrogen balance of 12:1, calculated 
based on nitrogen availability from feed sources 
(Avnimelech 2012). Throughout the experimental period, 
environmental conditions were precisely controlled with-
in an indoor facility, maintaining a consistent day-night 
cycle of 12-hour duration. 

Water parameters were closely observed and kept 
within designated ranges. The initial water quality condi-
tions were as follows: temperature ranged from 30 to 

31C, pH was 8.1, dissolved oxygen measured 6.4 mg L–1, 
and salinity was 32 ppt. All tanks were aerated and con-
tinuously stirred using three air stones linked to an air 
pump, operating 24-hour a day throughout the experi-
ment to enhance biofloculation. 

 
TABLE 1 Experimental treatments and different feeding levels provided for test days, feeding levels based on body weight 
(%) and water exchange (WE) for different groups of green tiger shrimp. 

No. No. Rep. WE (daily) 1–10 days 11–20 days 21–30 days 31–45 days 

Different feeding 
levels base on body 
weight (BW %) 

CW6 3 35- 50% WE 6 5.5 5 4.5 
BFT6 3 0.5-1% WE 6 5.5 5 4.5 
BFT4 3 0.5-1% WE 4 3.66 3.33 3 
BFT2 3 0.5-1% WE 2 1.83 1.66 1.5 
BFT0 3 0.5-1% WE Only biofloc, 5–10 ml L–1 daily 

biofloc technology; CW, clear water; BFT, Rep., repetition; WE, water exchange 
 
2.2 Water quality assessment 
Comprehensive water quality monitoring was imple-
mented through a structured measurement protocol. 

Temperature readings were taken using digital thermom-
eters, while pH levels were assessed with a Lutron 208 pH 
meter, and dissolved oxygen measurements were cap-
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tured using a Lutron 5510 oxygen meter. These parame-
ters were evaluated during two distinct timeframes daily: 
morning sessions between 08:00 – 09:00 and afternoon 
measurements from 16:00 – 17:00. Daily salinity assess-
ments were conducted at 09:00 using refractometry 
techniques. 

Water transparency, settleable solids (SS) and total 
suspended solids (TSS) were evaluated every five days. 
Water transparency was measured using a Secchi disk 
apparatus, while SS content was determined by collecting 
one-litre water samples in imhoff cones and allowing set-
tling for twenty minutes. TSS analysis involved filtering 
100 mL tank water samples through Whatman No. 42 

filter paper, followed by drying at 105C for three hours 
prior to weight-based calculations. The analysis of inor-
ganic nitrogenous compounds was conducted on a near-
weekly basis, adhering to the standardised protocols 
(APHA 2012). Water samples from each tank were filtered 
through Whatman filter papers to facilitate measurement 
of key nitrogen compounds, including total ammonia ni-
trogen (TAN), nitrite (NO2–N) and nitrate (NO3–N). 

 
2.3 Growth indices 
Throughout the experimental period, comprehensive 
growth assessments were conducted to evaluate shrimp 
performance metrics. Initial measurements established 
baseline values for body weight gain, body weight index, 
growth rate, biomass gain, specific growth rate and feed 
conversion ratio. These parameters were systematically 
monitored on a weekly basis to track developmental pro-
gress. Population counts were documented at both the 
commencement and conclusion of the study to determine 
survival rates accurately. The following formulas were 
used for calculations (after Khanjani et al. 2025a).  

Body weight gain (BWG) (g) = final weight – initial 
weight 
 

Growth rate (GR) (g/day) = ((final weight – initial 
weight) / days of experiment) 
 

Biomass gain (BG) (g) = (final weight – initial weight) 
× survival rate × number of shrimp 
 

Survival rate (SR) (%) = 100 × (final number of shrimp 
at end of trial period / initial number of shrimp)  
 

Specific growth rate (SGR) (%/day) = 100 × ((ln final 
weight – ln initial weight)) / days of experiment 
 

Feed conversion ratio (FCR) = feed consumed (dry 
weight) / live weight gain (wet weight) 

 
2.4 Biofloc collection and chemical analysis 
Following the completion of the experimental phase, a 
detailed characterisation of the biofloc was conducted. 
Sample collection involved filtering the treatment water 

through a 20-micrometer mesh screen to isolate the bio-
floc material. The isolated samples underwent standard-
ized preparation procedures, beginning with a 24-hour 

desiccation at 105C, followed by storage at –18C for 
preservation. The analysis of chemical composition in-
cluded four primary metrics: dry matter content, crude 
protein concentration, crude lipid percentage, and ash 
content determination. All measurements were per-
formed according to the standardised protocols (AOAC 
2012). 
 
2.5 Proximate analysis 
At the end of the experimental period, body composition 
analysis was performed on a representative sample of 
twenty shrimp from each replicate treatment. The speci-
mens were initially processed by removing the exoskele-
ton and head, followed by thorough homogenization us-
ing a meat grinder. The processed samples were then 

preserved at –18C until analysis. 
The analytical protocol adhered to the standardized 

methods established by the Association of Official Analyt-
ical Chemists (AOAC 2012) and incorporated multiple 
complementary techniques. Moisture content was de-
termined by drying samples in porcelain crucibles at 

105C until a constant weight was achieved. Protein con-
tent analysis employed the Kjeldahl method for nitrogen 
estimation, with crude protein calculated by multiplying 
the nitrogen percentage by 6.25. Lipid extraction was 
conducted using a Soxhlet apparatus with ether as the 
solvent, while ash content was determined through incin-

eration in a muffle furnace at 600C for three hours. 
 
2.6 Hepatopancreas biochemical analysis 
Prior to tissue collection, the shrimp underwent a 24-hour 
fasting period. Specimens were then randomly selected 
from each replicate (15 per group) and treated humanely 
according to established protocols (Fernandes and 
Pedroso 2017). Anesthesia was administered using clove 
oil at a concentration of 100 ppm, followed by euthanasia 
in accordance with ethical guidelines by Luedeman and 
Lightner (1992). The hepatopancreas was carefully isolat-
ed on ice, rinsed with a saline solution (0.8% NaCl), and 

preserved at –80C for subsequent biochemical analysis. 
For enzyme extraction, the frozen hepatopancreas 

samples were thawed and homogenised in a hydrochloric 

acid-tris buffer (pH 7.4) at 4C. The homogenate was then 

centrifuged at 4000 rpm for 10 minutes at 4C and the 
resulting supernatant was collected for further biochemi-
cal evaluation (Yang et al. 2010). 

Antioxidant enzyme activities were quantified using 
commercial kits from ZellBio GmbH (Germany), following 
the manufacturer's specified protocols. The analysis in-
cluded measurements of superoxide dismutase (SOD), 
catalase (CAT) and glutathione peroxidase (GPx). Addi-
tional enzyme assessments were conducted for alkaline 
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phosphatase (ALP), aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) using kits from Pars 
Azmun Co. (Tehran, Iran), adhering to established meth-
odologies (Burtis et al. 2007). 

 
2.7 Data analysis 
Statistical analysis was performed using SPSS version 23.0 
software (Chicago, Illinois, USA). The data were evaluated 
using one-way analysis of variance (ANOVA) to identify 
significant differences between treatment groups. Post-
hoc analysis was conducted using Duncan's multiple 
range test to compare mean values. Results are present-
ed as mean ± standard deviation, with statistical signifi-
cance determined at p < 0.05. All visual representations 
were generated using Excel version 2016. 
 

3 | RESULTS 
3.1 Water quality 
The results of water quality parameters in the green tiger 
shrimp tanks under varying feeding levels are shown in 
Table 2. The findings indicate that dissolved oxygen levels 

(5.64 – 6.00 mg L–1) and pH values (7.96 – 8.06) in the BFT 
treatments were lower than those observed in the con-
trol group, where dissolved oxygen ranged from 6.35 to 
6.66 mg L–1 and pH values ranged from 8.10 to 8.13 
(ANOVA: p < 0.05). Additionally, salinity levels in the BFT 
treatments (33.36 – 33.41 ppt) were significantly higher 
compared to the control group (32.55 ppt) (p < 0.05). The 
concentrations of SS and TSS were also elevated in the 
BFT treatments, with the highest values recorded in BFT0 
(7.13 ml L–1 and 201.8 mg L–1) and BFT6 (6.63 ml L–1 and 
207.5 mg L–1) compared to other treatments. The varia-
tions in SS, TSS and water transparency over the experi-
mental days are illustrated in Figure 1. Differences were 
observed in nitrogenous compounds among the treat-
ments, with the lowest TAN (0.09 mg L–1) and nitrite (2.02 
mg L–1) levels recorded in BFT0. Conversely, the highest 
nitrate concentration (9.88 mg L–1) was found in BFT6. 
The fluctuations in TAN, NO2 and NO3 levels throughout 
the experimental period are depicted in Figure 2. 

 
TABLE 2 Water quality parameters in tanks of green tiger shrimp under different feeding levels during 45 days of test. 

Parameters CW6  BFT6 BFT4 BFT2 BFT0 

T a.m. (C) 30.05± 0.6a 30.09± 0.55a 30.10± 0.58a 30.07± 0.46a 30.12± 0.7a 

T p.m. (C) 30.62± 0.61a 30.60± 0.5a 30.59± 0.45a 30.57± 0.51a 30.68± 0.59a 

DO a.m. (mg L–1) 6.55± 0.2a 5.85 ± 0.28b 5.90 ± 0.18b 6.00 ± 0.25b 5.81± 0.30b 

DO p.m. (mg L–1) 6.35± 0.25a 5.64 ± 0.38b 5.72 ± 0.33b 5.79 ± 0.29b 5.70± 0.25b 
pH a.m. 8.12 ± 0.05a  8.04± 0.04b 8.06 ± 0.03b 8.05 ± 0.04b 8.06± 0.04b 
pH p.m. 8.10± 0.05a 7.96± 0.06b 7.99 ± 0.04b 8.00 ± 0.05b 8.00± 0.05b 
Salinity (ppt) 32.55± 0.50b 33.41 ± 0.98a 33.38 ± 0.90a 33.40 ± 0.92a 33.36 ± 0.75a 

SS (ml L–1) 0.94± 0.35c 6.63 ± 2.70a 5.78 ± 2.50ab 4.45 ± 1.95b 7.13 ± 2.75a 
TSS (mg L–1) 67.40± 23.27c 207.50 ± 89.90a 169.21 ± 66.32ab 137.80 ± 43.46b 201.8 ± 74.24a 
Transparency (cm) 39.37± 4.20a 17.33± 8.44c 20.34± 8.02bc 22.89± 7.15b 17.05± 8.3c 
TAN (mg L–1)  0.75± 0.48a 0.32± 0.31b 0.26± 0.24b 0.20± 0.17b 0.09± 0.05c 
NO2 (mg L–1) 7.15± 3.15a 5.90± 2.34b 4.57± 1.87c 3.11± 0.88d 2.02± 1.05e 
NO3 (mg L–1) 4.45± 1.57c 9.88± 5.20a 8.36± 4.20ab 6.83± 3.1b 2.12± 0.86d 

Values are expressed as mean ± SD. Values in the same row with different superscripts are significantly different (p < 
0.05). Abbreviations: a.m.: before midday; p.m.: after midday 
 
3.2 Growth performance and survival 
The results regarding growth performance, feed utilisa-
tion, and survival of green tiger shrimp under different 
feeding levels are summarised in Table 3. The data indi-
cate that the highest final weight (7.54 g), growth rate 
(0.10 g day–1), and specific growth rate (2.16% day–1) were 
achieved in the BFT6 treatment, which showed significant 
differences compared to all other treatments, except for 
BFT4. No significant differences were observed in final 
weight, growth rate, and specific growth rate between 
BFT4 and the control group CW6. 

The feed conversion ratios in the BFT treatments 
(1.08 – 1.80) were lower than those in the control group 
(2.20) (p < 0.05). Survival rates in the BFT treatments 
were higher than in the control group, with the lowest 

survival rate (55.97%) recorded in BFT0, which was signif-
icantly different from the other treatments (p < 0.05). 
 
3.3 Body composition and biofloc production  
The biochemical composition of green tiger shrimp and 
the biofloc produced in the culture tanks is presented in 
Table 4. Overall, the results indicate that the protein, li-
pid, and ash content of shrimp in the BFT treatments 
were higher than in the control group. The lowest protein 
(72.90%) and lipid (4.89%) content, along with the highest 
ash content (15.52% dry weight), were found in BFT0 
(without commercial feed), showing significant differ-
ences from the other treatments (p < 0.05). 

Regarding the biochemical composition of the pro-
duced biofloc, it was observed that with increasing feed-
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ing levels, the dry weight, protein and lipid content of the 
biofloc increased. The lowest dry weight (20.23%), pro-
tein (20.66%) and lipid (0.95%) were recorded in BFT0, 
while the lowest ash content (29.33%) was observed in 
the biofloc produced in BFT2. 
 
3.4 Hepatopancreas biochemical parameters 
The enzyme activities in the hepatopancreas of green 
tiger shrimp are illustrated in Figure 3. The highest ALP 
activity was observed in the BFT6 (63.5 u mg–1 protein) 
and BFT4 (61.4 u mg–1 protein) treatments, which showed 
significant differences from the other treatments. The 
highest ALT (3.40 u mg–1 protein) and AST (3.15 u mg–1 
protein) activities were recorded in BFT0, indicating sig-
nificant differences from the other treatments. 
 

 
FIGURE 1 Changes in the amount of settleable solids (SS), 
total suspended solids (TSS) and transparency in the ex-
perimental different treatments (mean ± SD). 
 

The antioxidant activities in the hepatopancreas of 
green tiger shrimp are presented in Figure 4. Overall, the 
results demonstrated that antioxidant activities in the BFT 
treatments were higher than in the control group, show-
ing significant differences. The highest CAT activity was 
observed in BFT4 (0.60 u mg–1 protein) and BFT6 (0.58 u 
mg–1 protein), which were significantly different from the 

other treatments. GPx activity was measured at 3.28, 3.36 
and 3.24 in BFT6, BFT4 and BFT2 respectively. The lowest 
SOD activities were recorded in the control group (2.72), 
showing differences compared to the BFT treatments. 
 

 
FIGURE 2 Changes in the total ammonia nitrogen (TAN); 
nitrite (NO2) and nitrate (NO3) in experimental different 
treatments (mean ± SD). 
 
4 | DISCUSSION 
4.1 Water quality 
The water quality parameters measured in this investiga-
tion fell within optimal ranges for green tiger shrimp (Pe-
naeus semisulcatus) cultivation, aligning with established 
standards reported by Kaya et al. (2020) and Khanjani et 
al. (2024b). The lower dissolved oxygen levels observed in 
the BFT treatments compared to control group can be 
explained by the enhanced microbial activity within these 
systems. The limited water exchange and higher TSS in 
BFT systems create an environment where heterotrophic 
bacteria thrive. These microorganisms are more efficient 
at ammonia metabolism than their autotrophic counter-
parts, consuming oxygen during their respiratory pro-
cesses, which leads to reduced dissolved oxygen levels in 
the water column (Schveitzer et al. 2024). 

The notably lower pH readings in the BFT treatments 
compared to the control group can be attributed to ele-
vated microbial respiration activity. As heterotrophic bac-
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teria in the BFT system break down organic matter, they 
produce increased amounts of carbon dioxide as a meta-
bolic byproduct. This heightened CO2 concentration leads 
to a decrease in water pH, as the dissolved carbon dioxide 
reacts with water to form carbonic acid (Miao et al. 

2017). Additionally, the decline in alkalinity resulting from 
the metabolism of ammonia by both autotrophic and 
heterotrophic bacteria may further contribute to the ob-
served reductions in pH (Martins et al. 2019; Khanjani et 
al. 2024b). 

 
TABLE 3 Growth performance, survival rate and nutritional performance of green tiger shrimp cultivated under different 
feeding levels at the end of 45 days of the test period (mean ± SD). 

Parameters CW6  BFT6 BFT4 BFT2 BFT0 

FW (g) 7.03± 0.27b 7.54± 0.24a 7.26± 0.38ab 6.15± 0.27c 4.11± 0.24d 
BWG (g) 4.18± 0.27b 4.68± 0.24a 4.41± 0.38ab 3.3± 0.27c 1.26± 0.24d 
GR (g day–1) 0.093± 0.006b 0.10± 0.005a 0.098± 0.008ab 0.073± 0.006c 0.028± 0.005d 
BG (g) 183.2± 11.75b 224.76± 11.86a 213.200± 18.5a 125.4± 10.33c 37.44± 7.11d 
SGR (% day–1) 2.01± 0.083b 2.16± 0.07a 2.07± 0.12ab 1.70± 0.09c 0.81± 0.12d 
FCR 2.20± 0.16a 1.80± 0.08b 1.31± 0.13c 1.08± 0.08d - 
SR (%) 82.39± 2.88b 90.56± 1.88a 91.19± 1.09a 71.70± 1.88c 55.97± 1.09d 

Values are expressed as mean ± SD. Values in the same row with different superscripts are significantly different (p < 
0.05). Abbreviations: Final weight (FW), body weight gain (BWG), growth rate (GR), biomass gain (BG), specific growth 
rate (SGR), feed conversion ratio (FCR) and survival rate (SR). 
 

 
FIGURE 3 Metabolic enzymes activities in the hepatopan-
creas of green tiger shrimp at the end of the experimental 
period under different treatments. Values (mean ± SD) in 
columns with different superscripts are significantly dif-
ferent (p < 0.05). 
 

The elevated salinity levels observed in the BFT 
treatments compared to control group can be explained 

by two primary mechanisms. The minimal water ex-
change in BFT systems allows for increased evaporation, 
which concentrates existing salts in the water column. 
Furthermore, the accumulation of dissolved salts from 
uneaten feed contributes to the higher salinity levels, as 
these nutrients remain in the system rather than being 
removed through water exchanges (de Oliveira Alves et 
al. 2017). 

Nitrogenous compounds, including TAN, NO2 and 
NO3, exhibited trends consistent with previous research 
(Khanjani et al. 2024b). The observed temporal pattern in 
nitrogen compounds, characterized by initial TAN accu-
mulation followed by sequential conversion to nitrite and 
nitrate, aligns with established biological processes (Khan-
jani et al. 2024b). This transformation is facilitated by two 
distinct groups of microorganisms: ammonia-oxidizing 
bacteria, which catalyze the initial conversion of ammonia 
to nitrite, and nitrite-oxidizing bacteria, which complete 
the process by converting nitrite to nitrate (Wang et al. 
2022). 

The study's findings uncovered a significant correla-
tion between carbon availability and nitrogen transfor-
mation patterns in aquaculture systems. In systems with 
high commercial feed inputs, nitrogen compounds tend 
to accumulate in the water due to insufficient bacterial 
activity. However, when heterotrophic bacteria dominate 
the system, they effectively convert nitrogen compounds 
into bacterial biomass, resulting in lower concentrations 
of harmful nitrogen compounds. The presence of organic 
carbon sources, such as starch, provides the necessary 
substrate for heterotrophic bacteria to efficiently process 
ammonia, leading to reduced levels of toxic nitrogen 
compounds as biofloc development increases (Samocha 
2019). 

The highest TSS (324 mg L–1) was recorded in the 
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BFT6 treatment, indicating that the added biofloc re-
mained suspended in the water column, contributing to 
elevated TSS levels (Schveitzer et al. 2024). Notably, 
shrimp in the BFT0 treatment, which were fed exclusively 
on biofloc, exhibited reduced performance, indicating 
that green tiger shrimp cannot rely solely on biofloc as 
their food source. The recommended TSS levels for L. 
vannamei range from 73.3 to 499.14 mg L–1 (Huang et al. 
2023; Prates et al. 2023). Overall, the water quality re-
sults suggest that moderate biofloc levels can enhance 
water quality in green tiger shrimp cultivation, aligning 
with findings from other researchers (Vinasyiam et al. 
2023; Schveitzer et al. 2024). 

  

 
FIGURE 4 Antioxidant enzymes activities in the hepato-
pancreas of green tiger shrimp at the end of the experi-
mental period under different treatments. Values (mean 
± SD) in columns with different superscripts are signifi-
cantly different (p < 0.05). 

 
4.2 Growth performance and survival  
Research has demonstrated that incorporating biofloc 
into shrimp feed enhances growth performance (Barza-
mini et al. 2021; Uawisetwathana et al. 2021). Under the 
conditions of the present study revealed improved sur-
vival rates for green tiger shrimp in the BFT6 and BFT4 
treatments. Notably, growth performance showed no 
significant difference between the CW6 (6% body weight) 
and BFT4 (4% body weight) treatments. However, the 

BFT6 treatment demonstrated significantly higher BWG 
and SGR compared to the CW6 group (p < 0.05), while no 
significant differences were observed between BFT6 and 
BFT4 treatments. 

The experimental results revealed distinct patterns 
in shrimp performance across different treatment groups. 
The BFT4 treatment showed superior outcomes, with 
notably higher survival rates and biomass accumulation 
compared to the clear water control group (CW6). In con-
trast, the BFT0 treatment, which relied solely on biofloc 
as a food source, demonstrated the poorest performance 
metrics, including lower survival rates, BWG and SGR. 

Recent research has highlighted that BFT provides a 
nutrient-rich supplement for shrimp cultivation, contain-
ing valuable compounds such as carotenoids, chlorophylls 
and phytosterols (Ju et al. 2008; Khanjani et al. 2023). 
When integrated into commercial feed formulations, 
these natural compounds create a comprehensive nutri-
tional profile that supports shrimp development. The 
presence of beneficial microorganisms in BFT systems has 
been shown to enhance both survival rates and growth 
performance in shrimp populations, making it a valuable 
addition to traditional feeding strategies. Also, these find-
ings suggest that while biofloc can be beneficial as a sup-
plementary feed component, its exclusive use may be 
limiting. Research indicates that high concentrations of 
microbial products can potentially reduce feed palatabil-
ity and digestibility (Khatoon et al. 2016). Furthermore, 
biofloc may not provide a complete spectrum of essential 
micronutrients required for optimal shrimp growth (Khan-
jani and Sharifinia, 2022; Khatoon et al., 2016), which 
could explain the observed performance limitations in the 
BFT0 treatment. 

Furthermore, studies have shown that the growth 
performance of other shrimp species, such as L. vannamei 
(Khanjani et al. 2025a), P. monodon (Anand et al. 2014), 
P. aztecus (Kaya 2025), F. merguiensis (Khanjani and Shar-
ifinia 2022), F. indicus (Effendy et al. 2016) and M. mo-
noceros (Kaya et al. 2019), is better in BFT systems com-
pared to clear water systems. BFT clearly enhances the 
growth performance of shrimp and is effective for the 
proliferation of heterotrophic bacteria (Khanjani et al. 
2025b; Kumar et al. 2018). Most previous studies on 
shrimp culture have shown that shrimp generally achieve 
better growth, survival rates, and FCR in well-prepared 
and controlled BFT conditions compared to clear water 
conditions (Cavalcanti et al. 2019; Panigrahi et al. 2019; 
Khanjani et al. 2025a). 

The experimental results demonstrated higher sur-
vival rates in both BFT4 and BFT6 treatments compared 
to the control group, likely attributed to enhanced water 
quality conditions in these systems. This finding aligns 
with recent research showing that the combination of 
biofloc processes with carbohydrate supplementation 
positively impacts shrimp survival rates (Addo et al. 2023; 
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Huang et al. 2023; Yu et al. 2024). The notably lower sur-
vival rate of 55.97% observed in the BFT0 treatment, 
which utilised biofloc as the sole nutritional source, high-
lights the limitations of relying exclusively on biofloc for 
shrimp nutrition. 

The FCR results revealed significant variations across 
treatment groups, with BFT2 achieving the most efficient 
feed utilization at 1.08, while CW6 showed the highest 
FCR at 2.20. Research has consistently demonstrated that 
integrating commercial feed with BFT systems can lead to 
improved feed conversion efficiency (Kaya et al. 2020; 
Prates et al. 2023). A comparative analysis of feeding 
rates shows that our study's FCR values (1.08, 1.31 and 
1.80 for 2%, 4% and 6% body weight feeding levels re-
spectively) were notably lower than those reported by 
Kaya et al. (2020), who found FCR values ranging from 
1.38 to 2.87 for feeding rates between 3% and 12% body 
weight. 

The higher FCRs observed in BFT systems can be at-
tributed to the high nutritional value of the microbial 
flocs that shrimp consume. In contrast, the higher FCR 
values in CW6 group appear to correlate with reduced 
survival and weight gain in this group, suggesting that 
feeding level of 6% body weight may be less effective in 
clear water system compared to BFT system. Research 
has consistently shown that the presence of biofloc com-
munities leads to improved FCR in shrimp (Kumar et al. 
2018; Khanjani et al. 2025a), likely due to enhanced di-
gestive processes and feed absorption facilitated by bene-
ficial bacteria colonising their digestive systems (Gustila-
tov et al. 2024). The growth performance data indicates 
that juvenile green tiger shrimp in the BFT4 treatment 
achieved comparable results to both BFT6 and CW6 
treatments, suggesting that a 4% body weight feeding 
level in a BFT system represents an optimal balance for 
enhancing both growth and survival performance. 
 
4.3 Body and biofloc composition 
The experimental findings revealed that different feeding 
levels significantly impacted both the biochemical compo-
sition of green tiger shrimp and the resulting biofloc. No-
tably, feeding rates of 4% and 6% body weight in the BFT 
system yielded superior body quality, characterised by 
enhanced protein and lipid content. This improvement in 
protein content can be attributed to more efficient utili-
sation and retention of dietary protein (Ghosh et al. 
2018). Conversely BFT0 treatment showed significant 
decreases in both protein and body lipid content, likely 
due to restricted access to commercial feed. Multiple 
studies have consistently demonstrated that biofloc sup-
plementation positively influences the biochemical quali-
ty of shrimp (Vungarala et al. 2021; Irani et al. 2023; Vi-
nasyiam et al. 2023). 

The elevated ash content observed in BFT0, BFT4, 
and BFT6 treatments can be explained by increased ac-

cess to biofloc, which serves as a rich source of essential 
minerals for the shrimp. This relationship between biofloc 
consumption and ash content is supported by previous 
research showing that the mineral content of biofloc di-
rectly contributes to increased ash levels in body compo-
sition (Ju et al. 2008). 

The biochemical composition values obtained in this 
study demonstrate remarkable consistency with previous-
ly published research. For example, Vinasyiam et al. 
(2023) documented similar ranges for Pacific white 
shrimp, with protein content varying between 72.70% 
and 75.2%, lipid levels ranging from 2.6% to 3.7% and ash 
content spanning 14.30% to 18.0% of dry weight. Similar-
ly, Kaya et al. (2020) reported comparable measurements 
for green tiger shrimp, with protein content between 
15.95% and 21.05%, lipid content ranging from 0.7% to 
1.26%, and ash content varying between 2.67% and 
3.84% of wet weight. 

The variations in the biochemical composition of 
green tiger shrimp can be attributed to several key fac-
tors, including the quantity of biofloc present, the associ-
ated microbial communities and their diversity and abun-
dance within the cultivation tanks. The enhanced proxi-
mate body composition achieved through BFT systems 
represents a significant advantage, as these systems pro-
vide essential fatty acids and amino acids while offering a 
cost-effective solution for producing high-quality feed 
suitable for shrimp consumption (Uawisetwathana et al. 
2021). 

Biofloc demonstrates a notably favourable nutri-
tional profile, with protein content ranging from 20% to 
45%, lipid content between 1% and 8% and ash content 
spanning 15% to 60% (El‐Sayed 2021). Recent studies 
have reported similar protein content ranges, with Hosain 
et al. (2021) and Xavier et al. (2022) documenting levels 
of 15.9% to 32.6% and 19.38% to 23.53% respectively. 
Our research revealed protein levels between 20.66% and 
27.80% across different treatments, with the lowest con-
centrations observed in BFT0 and BFT2 treatments. This 
variation can be attributed to two primary factors: the 
reduced input of commercial feed (which contains 38% 
protein) and alterations in the biofloc microbial communi-
ties. 

The lipid content of biofloc was found to be relative-
ly low, falling within a narrow range of 0.95% to 1.37%. 
The BFT0 treatment showed the lowest lipid levels, which 
can be attributed to the absence of commercial feed in 
these culture tanks. Research has shown that biofloc lipid 
composition is significantly influenced by two key factors: 
the type of carbon source used and the specific microbial 
populations present in the system (Khanjani et al. 2025a). 
The choice of carbon sources, such as glucose, molasses, 
or starch, can lead to variations in microbial metabolism, 
promoting the growth of specific microbial communities 
that affect the types and proportions of lipids produced. 
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For instance, some carbon sources may enhance the pro-
duction of polyunsaturated fatty acids (PUFAs), while 
others may result in higher levels of saturated fatty acids. 
The type of carbon source also leads to different compo-
sitions of microorganisms, including certain bacteria, pro-
tozoa, and algae, which play a crucial role in lipid synthe-
sis (Wei et al. 2016; Khanjani et al. 2025b). Bacteria, al-
gae, and protozoa contribute to the overall lipid profile, 
with certain algae known to produce high levels of ome-
ga-3 fatty acids, thereby enriching the lipid composition 
of biofloc. Notably, protozoa present in the BFT system 
contain steroids in their chemical composition, a signifi-
cant portion of which is converted into cholesterol and 
other forms of lipid (Loureiro et al. 2012). Furthermore, 
the interaction between carbon sources and microbial 
populations can create a synergistic effect on lipid pro-
duction, where readily available carbon sources stimulate 
microbial growth and lipid accumulation, while limited 
carbon availability may induce stress responses in mi-
crobes, altering lipid composition as they adapt to their 
environment (Sánchez‐Muros et al. 2020; Hosain et al. 
2021). 

Our analysis revealed that biofloc collected from the 
green tiger shrimp BFT system exhibited notably high ash 
content. This elevated ash content can be attributed to 
several factors, including the salt content in the BFT cul-
ture system, as documented by Khatoon et al. (2016) and 
Xavier et al. (2022). The progressive increase in ash con-
tent from BFT2 to BFT6 treatments appears to correlate 
with variations in TSS among the different treatments. 
Research has established that high ash content in biofloc 
is primarily associated with the presence of acid-insoluble 
oxides and mixed silicates (Binalshikh-Abubkr et al. 2021). 
 
4.4 Hepatopancreas biochemical parameters 
The assessment of oxidative stress in crustaceans, par-
ticularly shrimp, is fundamentally linked to monitoring 
changes in metabolic and antioxidant enzyme activities 
(Wang et al. 2006; Sharifinia et al. 2024). These enzymes 
are crucial indicators of overall health and tissue integrity 
in aquatic organisms. Research indicates that elevated 
levels of specific enzymes, such as ALP, AST, and ALT, can 
signify damage to the hepatopancreas, a vital organ in 
shrimp (Yu et al. 2016). Notably, ALT and AST are integral 
to amino acid metabolism and are widely recognized as 
diagnostic markers for liver damage. Our study revealed 
significant variations in enzyme levels across different 
treatments, with particularly higher AST and ALT levels in 
the BFT0 treatment, suggesting that the absence of com-
mercial feed resulted in tissue damage and compromised 
shrimp health. Conversely, treatments with 4% and 6% 
body weight exhibited lower AST and ALT levels, indicat-
ing improved health outcomes. 

Supporting these findings, Hussain et al. (2021) re-
ported decreased ALT levels in the hemolymph of various 

shrimp species raised in BFT systems, suggesting en-
hanced liver function in biofloc-cultured shrimp. Further-
more, ALP functions as a primary detoxification enzyme in 
aquatic organisms, playing essential roles in calcium ab-
sorption, chitin secretion, and lysosomal enzyme activity 
(Qiu et al. 2016). This enzyme also serves as a key indica-
tor of tissue damage in aquatic organisms exposed to 
environmental stressors or xenobiotics, providing valua-
ble insights into their health and immune status (Gyan et 
al. 2020). Our research demonstrated higher ALP levels in 
BFT4 and BFT6 treatments, indicating that the presence 
of biofloc enhances both health and immune function in 
shrimp. 

The antioxidant defense system in shrimp is a com-
plex interplay of enzymes, including SOD, CAT and GPx, 
which collectively protect against oxidative damage. This 
defence mechanism operates through a sequential pro-
cess where SOD converts superoxide anions into hydro-
gen peroxide, which is subsequently processed by CAT 
into water and oxygen, serving as a primary line of de-
fense against reactive oxygen species (Panigrahi et al. 
2020). Our research demonstrated enhanced antioxidant 
enzyme activity across all BFT treatments (BFT2, BFT4, 
BFT6), with significant improvements compared to the 
control group. This finding aligns with previous research 
by Xu and Pan (2013), who observed elevated SOD activi-
ty in P. vannamei and other shrimp species cultured in 
BFT systems, indicating strengthened antioxidative de-
fense and immune responses. Multiple studies have con-
sistently shown increased SOD activity in biofloc-cultured 
shrimp (Zhao et al. 2016; Tepaamorndech et al. 2020; 
Vungarala et al. 2021), suggesting that the natural micro-
organisms and bioactive compounds present in BFT sys-
tems positively influence both shrimp physiological health 
and antioxidant enzyme activity. 

Moreover, it is essential to recognise that highly un-
saturated fatty acids are particularly vulnerable to oxida-
tion and deterioration. Therefore, ensuring that the fish 
oil used in the study was not exposed to air and did not 
have a rancid smell is crucial to confirm that fatty acids 
were not subjected to auto-oxidation, which can escalate 
as the reaction progresses. This aspect is vital to verify in 
the context of our recent study, as free radical damage 
and the multi-level defence mechanisms of cells, includ-
ing the roles of SOD, CAT and GPx, are critical for main-
taining the integrity of lipid profiles in shrimp. 
 
5 | CONCLUSIONS 
This research provides valuable insights into the growth 
performance of green tiger shrimp in BFT systems, indi-
cating that feeding at 4% body weight can yield optimal 
results comparable to 6% feeding levels. While the find-
ings suggest improvements in water quality parameters 
and overall shrimp health, it is essential to acknowledge 
certain limitations. The BFT system appears to offer ad-
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vantages over traditional methods, with shrimp exhibiting 
enhanced growth rates, improved survival, and better 
body composition compared to the control group. How-
ever, claims regarding the superiority of the 4% feeding 
level must consider potential confounding factors, such as 
variations in water exchange rates and the unquantified 
contributions of biofloc. The elevated activity levels of 
ALP and antioxidant enzymes (SOD, CAT and GPX) in BFT 
treatments indicate a positive health status and improved 
resilience to environmental stressors. Nonetheless, it is 
crucial to clarify the practical significance of these enzyme 
activity changes in relation to shrimp health and produc-
tion outcomes. Including these caveats would provide a 
more balanced perspective and better inform aquaculture 
applications. To strengthen the conclusions, future re-
search should validate these findings under commercial 
pond conditions, focusing on a comprehensive cost-
benefit analysis of feed reduction in BFT systems. This 
approach will enhance the robustness of the conclusions 
and support the development of sustainable aquaculture 
practices. 
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