
 

 

Exploring the impact of spirulina Spirulinaplatensis 
supplementation in giant gourami 
(osphronemusgoramy)diet: on growth performance, 
hematological parameters, serum biochemical parameters, 
digestive enzyme activities, carcass composition and 
antioxidant défense defencemechanisms in giant 
gourami(osphronemus goramy) 
 

ABSTRACT 

A 90-day trial investigated the effects of dietary Spirulina platensis (SP) supplementation on 
growth performance, haematology, serum biochemistry, digestive enzymes, and hepatic antioxidants 
in giant gourami (Osphronemusgoramy). Fish (6.96 ± 0.011 g) were distributed into six treatments 
with 3 replicates each (15 fish per replicate) across 18, 60 L aquaria. Six isonitrogenous diets with 0% 
(control), 1% (SP1), 2% (SP2), 3% (SP3), 4% (SP4), and 5% (SP5) SP were provided ad libitum twice 
daily. Results showed dose-dependent improvements in final weight, weight gain, weight gain rate, 
protein efficiency ratio, and specific growth rate, with the highest values at 5% SP (p<0.05). Feed 
conversion ratio (FCR) decreased with higher SP, indicating enhanced efficiency. Body indices 
increased significantly with higher SP (p<0.05). Haematological parameters, including WBC(white 
blood cells), HB, HCT, monocyte %, and neutrophil %, improved with increasing SP 
significantly(p<0.05). Serum biochemistry showed markedly reduced cholesterol and triglycerides 
concentration, and increased total protein, albumin, and globulin levels with higher SP (p<0.05). 
Intestinal amylase and lipase activities increased significantly with SP (p<0.05), while protease 
remained consistent. Hepatic antioxidants revealed decreased MDAand increased SOD with higher 
SP (p<0.05). Carcass analysis showed increased protein, fibre, and fat content, and decreased ash 
and carbohydrates levels with a higher SP. These findings suggest that 5% SP enhances growth, 
biochemical parameters, haematology, digestive, and antioxidant mechanisms in O. goramy, 
supporting its potential as a dietary supplement in aquaculture. 
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1. INTRODUCTION 

In this modern era, the decline in the production of capture fisheries contrasts with the 
escalating demand for fish products for human consumption. Consequently, the Food and Agriculture 
Organization anticipates that aquaculture activities will contribute 60% of future fisheries production, a 
trend projected to persist and increase (FAO, 2018).The expansion of aquaculture to include a 
diverse range of fish species has amplified the requirement for commercial feed(2–5)?.Approximately 
70% of animal production in aquaculture relies on commercial feeds rich in protein (2,6)? 

The giant gourami, Osphronemusgoramy, stands out as a favoured species for both 
pisciculture(7) and the ornamental industry, primarily owing to its impressive size, reaching nearly 2 
feet in length, its adaptability to freshwater as well as brackish water, and its suitability for live fish 
trade ((8). This fish exhibits omnivorous behaviour with a strong inclination towards vegetarianism, 
demonstrating relative robustness and adaptability to adverse environmental conditions such as aerial 
respiration, which renders it highly appealing for low-input aquaculture ((9). While the production of 
giant gourami fry relies on the natural spawning of captive broodfish held in ponds, efforts to 
standardize commercial-scale propagation of the species are still underway ((10–12). It is noteworthy 
that the growth rate of gourami is relatively slow, requiring 18 months to attain a weight of 500 grams 
(13). Native to Southeast Asia, particularly from Indonesia, the Malay Peninsula, Thailand, and the 
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Mekong basin, the giant gourami OsphronemusgoramyLacépède, 1801, has been introduced to 
numerous other countries including India, Pakistan, Sri Lanka, Mauritius, Seychelles, Madagascar, 
Uganda, Philippines, Australia, New Zealand, Papua New Guinea, Japan, Hawaii, Colombia, France, 
Italy, among others, for aquaculture purposes (14,15) In India, the giant gourami was first introduced 
from Mauritius and Java (Indonesia) to Chennai during 1865–66 and subsequently distributed to 
various regions of the country (8). The cultivation of this species for food is particularly well-
established in the state of Kerala, situated on the south-west coast. Furthermore, the National 
Fisheries Development Board, Government of India, is actively promoting this fish as one of the 
potential candidate species for both aquaculture and the ornamental fish trade in India (NFDB, 2016). 

Spirulina platensis is a type of blue-green algae characterized by its filamentous, spiral shape 
and remarkable nutritional value. Its cell wall possesses a soft texture due to a coating of complex 
sugars and proteins, facilitating easy digestion. This alga boasts an impressive nutrient composition, 
with approximately 62% protein content, as well as vitamins and antioxidants such as β-carotene and 
xanthophyll (17). (18)?highlighted the presence of Gamma Linolenic Acid (GLA) and iron in S. 
platensis, alongside chlorophyll, glycogen, minerals (19), and phycocyanin and porphirin(20). 
Furthermore, it is rich in essential amino acids, vitamins B12 and β-carotene, phosphorus, iron, and 
calcium (21). Spirulina platensis is also known for its bioactive compounds with antioxidant properties, 
making it a valuable supplement for enhancing food (22) and serving as a significant source of 
micronutrients due to its high protein content (23) 

Spirulina, renowned for its phycocyanin content (24), particularly C-phycocyanin, 
demonstrates antioxidant properties and may serve as a viable alternative to heparin due to its 
anticoagulant effects (25). Phycocyanin has been utilized for its antioxidative, antifungal and antitumor 
characteristics (26,27), as well as its immunostimulatory and hepatoprotective benefits (28). Multiple 
studies on Nile tilapia have indicated that incorporating spirulina into their diet significantly enhances 
growth rates, immune response, and disease resistance(29–32). Li et al. (32)have demonstrated that 
phycocyanin augments the activities of SOD and GPx enzymes in pancreatic beta cells. The inclusion 
of Spirulina platensis in diets can modulate the immune system(33)facilitate large-scale fish farming 
(34), and serve as a pivotal component for animal feed (35). Moreover, supplementing fish feed with 
S. platensis has been shown to enhance growth and survival rates (36,37) and can serve as a 
primary ingredient for feed production (38). 

The rise in giant gourami production can be attributed to advancements in production inputs 
such as feed, seed, disease management, and optimal culture techniques within giant gourami 
aquaculture. However, a significant challenge in culturing this fish lies in the inefficiency of production 
systems, largely due to their slow growth rate (39,40). In terms of feed technology development, 
numerous studies have been undertaken, particularly focusing on identifying alternative protein 
sources capable of promoting optimal growth performance in giant gourami (41,42). The utilization of 
chemicals for controlling bacterial or parasitic populations presents drawbacks such as 
bioaccumulation, pollution, and potential human health risks. Furthermore, the excessive reliance on 
antibiotics in aquaculture has led to issues of resistance, immunosuppression, and disruption of 
beneficial bacterial populations. 

The utilization of Spirulina, known for its nutritional value and bioactive properties, offers a 
promising avenue for enhancing fish growth performance, immune response, and overall health, 
thereby contributing to the advancement of sustainable aquaculture practices.By investigating the 
effects of Spirulina platensis supplementation on the growth and health parameters of 
Osphronemusgoramy, a commercially important fish species, this study aims to identify potential 
strategies for improving aquaculture efficiency and reducing reliance on conventional feed additives 
and antibiotics. 

2. MATERIALS AND METHODS 
2.1 Experimental Diets 

Six different diets were prepared with varying levels of Spirulina platensis (SP) ranging from 
0% (C), 1% (SP2), 2% (SP2), 3% (SP3), 4% (SP4) and 5% (SP5).  Detailed information regarding the 
formulation of the feeds and their proximate compositions presented in Table 1. Each diet was 
carefully prepared by weighing the ingredients according to the specified proportions and thoroughly 
mixing them for a period of 10 minutes. Subsequently, fish oil and plant oil were incorporated into the 
mixture, which was then passed through a 425 µm sieve. Further mixing was carried out for 
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components containing fish oil for an additional 10 minutes. Afterward, distilled water was added and 
stirred for 5 minutes before being cooked in an autoclave. Pellets of 2.0 mm and 2.5 mm diameter 
were produced using a pelletizer through wet-extrusion after autoclave, followed by air-drying. The 
resulting pellets were then packaged in plastic bags and stored at room temperature. 

Table1. Feed ingredients and the proximate chemical composition (% of dry weight) of inthe 
experimental diets. 

Treatment T0 T1 T2 T3 T4 T5 
Spirulina p. 0 1 2 3 4 5 
Soybean meal 21 21 21 21 21 21 
Fish meal 10.5 10.5 10.5 10.5 10.5 10.5 
Poultry by-product meal 16.5 16.5 16.5 16.5 16.5 16.5 
Rice bran 21.3 20.3 19.3 19.3 18.3 18.3 
Wheat flour 17.7 17.7 17.7 17.7 17.7 17.7 
Tapioca powder  5 5 5 4 4 3 
Plant oil 2 2 2 2 2 2 
Fish oil 3 3 3 3 3 3 
Vitamin mineral mix1 3 3 3 3 3 3 
Total 100 100 100 100 100 100 
Moisture 8.74 8.84 8.86 8.82 8.76 8.88 
Dry matter 91.26 91.16 91.14 91.18 91.24 91.12 
Protein 30.399 30.289 30.179 30.179 30.069 30.069 
Ether extraction 5.24 5.33 5.27 5.38 5.28 5.3 
Ash 6.34 6.25 6.25 6.38 6.38 6.4 
Fiber 4.2 4.26 4.24 4.23 4.36 4.3 
CHO 43.85065 43.66796 43.7554 43.29211 43.28394 43.00126 
NfeNFE** (%)2 44.98 44.93 44.83 44.74 44.52 44.46 
Gross energy (kkal/g)3 405.26 404.8 403.95 403.08 402.61 401.58 
1Composition of vitamin mineral mixture of 1 kg: Vitamin A - 50,00,000 IU; Vitamin D3 - 10,00,000 IU; Vitamin B2 - 2.0 g; Vitamin E - 
750 units; Vitamin K - 1.0 g; Calcium pantothenate 2.5 g; Nicotinamide - 10.0 g; Vitamin B12 - 6.0 g; Choline Chloride - 150.0 g; Calcium 
- 750.0 g; Manganese - 27.5 g; Iodine - 1.0 g; Ion - 7.5 g; Zinc - 15.0 g; Copper - 2.0 g; Cobalt - 0.45 g. 
2NFE: Nitrogen free extract calculated using the following equation: NFE = 100- (crude protein + ether extract + crude fiber + ash). 
3GE: Gross energy calculated on the basis of 23.6, 39.4 and 17.2 k joule gross energy g-1 protein, ether extract and NFE, respectively. 
P/E ratio: Protein energy ratio (mg crude protein kJ-1 gross energy) = CP/GE × 1000. 
 
2.2 Experimental fish 

A collection of 270 superficially robust giant gourami (Osphronemusgoramy), averaging 6.96 
± 0.011g in weight, was procured from a seed farm. These fish were subjected to a one-week 
acclimatization period in laboratory conditions before being randomly distributed into six dietary 
groups. Each group of juvenile gouramis was accommodated in aquariums 60L, with a stocking 
density of 15 fish per aquarium. To maintain optimal conditions, each aquarium was equipped with a 
heater set to maintain a temperature of 30°C and aeration equipment. Before introducing the 
juveniles, the aquariums underwent sterilization using 30 ppm chlorine. Throughout the one-week 
acclimatization period, the juveniles were provided with a commercial diet containing 30% protein ad 
libitum. Body weight measurements were taken individually at the commencement and conclusion of 
the maintenance period for each aquarium. To sustain water quality, 25% of the total aquarium water 
volume was replaced before the morning feeding. Over the 90-days experimental period, fish were 
weighed every 15 days to adjust the daily feed ration, following the recommendation of the National 
Research Council (43), which was administered twice daily at 9:00 am and 5:00 pm. 

2.3 Sample collection 

At the end of 90-day experiment period, all fish underwent a 24-hour fasting period before 
being subjected to the final sampling. Fish samples were randomly collected from each treatment 
group and anesthetized using Tricainemethanesulfonate. Blood samples were then obtained from the 
caudal blood vessel using a 1 ml syringe (MDI Europa GmbH, Germany). After blood collection, the 
blood samples were immediately divided into two equal parts. One part was transferred to a tube 
containing an anti-coagulant (heparin) for hematological analysis, while the other part was transferred 
to non-heparinized tubes for biochemical and other analyses. The samples were then centrifuged at 
4°C with 3000 rpm for 10 minutes and stored at −80 °C until further use, following the protocol 



 

 

outlined by Adel et al(44). Additionally, carcass composition analysis was conducted on three fish 
samples, which were stored at −20°C. 

2.4 Growth performance 

The daily feed intake (FI) of the fish was monitored consistently throughout the entire experiment. 
Before being weighed, the fish were carefully dried using fresh filter paper to eliminate any excess 
moisture. They were then weighed using a digital balance.The parameters were computed using the 
following formulas: 

1) Weight gain rate (WGR, %) = 100 × (Final body weight - initial body weight)/Initial body weight 
(45) 

2) WG (g fish-1) = Final body weight - Initial weight of the fish (g) (45) 
3) Specific growth rate (SGR, % day−1) = 100 × [(ln final individual weight - ln initial individual 

weight)/number of days 
4) ADG (g fish-1 day-1) = (Final body weight - Initial weight of the fish (g))/Day 
5) Feed conversion ratio (FCR) = Total diet fed/ total wet weight gain (45) 
6) Feed efficiency ratio (FER) = 1/FCR 
7) Survival rate (SR, %) = 100 × (Final fish number/Initial fish number). 
8) Protein efficiency ratio (PER) = Final biomass (g) - initial biomass (g) /Protein intake (46) 

Immediately, three fish from each tank were dissected to determine the Viscerosomatic index 
(GSI%), Hepatosomatic index (HSI%), Visceral fat-somatic indexes (VFSI%), and Bilesomatic index 
(BSI) utilizing the prescribed formulas: 

GSI = 100 [viscera weight (g) / whole body weight (g)] 
HSI = 100 [liver weight (g) / whole body weight (g)] 
VFSI = 100 [visceral fat weight (g) / whole body weight (g)] 
BSI = 100 [Bile weight (g) / weight of liver (g)] 

 
2.5 Proximate analysis  

The fish body samples collected before infection, comprising three fish from each replicate 
(totaling nine from each group), underwent chemical analysis for moisture, protein, fat, and ash using 
the standard method recommended by the Association of Official Analytical Chemists (47). 
Approximately five fish per treatment were included in the analysis. Dry matter (DM) content was 
determined by drying the samples in an oven at 105°C for 24 hours. Crude protein was quantified 
using the micro-Kjeldhal method, with nitrogen content multiplied by 6.25 (utilizing a 
Kjeltechautoanalyzer, Model VELP Scientifica, UDK 127). Crude lipids were assessed using the 
Soxhlet method with ether extraction (Model VELP Scientifica, SER 148), while ash content was 
determined by burning samples at 550°C for 16 hours. Crude fiber (CF) analysis was conducted after 
digestion with 5% sulfuric acid and 5% sodium hydroxide for 15 minutes; the residues were 
subsequently dried and ashed. The nitrogen-free extract (NFE) was calculated using the formula: 
NFE = 100 – (CP+EE+CF+ash). 

2.6 Biochemical Measurements 

Superoxide dismutase (SOD Umg/prot) and malondialdehyde (MDA µg/g) levels were 
determined following the methods outlined by Nishikimi et al(48) and Mihara & Uchiyama (49), 
respectively. The concentration of total protein (g dL-1) in plasma samples from the various 
experimental groups was measured using the Biuret method as described by AG(50). Albumin 
concentration (g dL-1) was assessed using the bromocresol green method (51), while globulin 
concentration (g dL-1) was computed by subtracting albumin from total protein. The Albumin to 
Globulin ratio (A/G ratio) was obtained by dividing albumin by globulin. Total cholesterol (TC) and 
triglycerides (TG) levels were determined using colorimetric diagnostic kits provided by spectrum-
bioscience (Egyptian Company for Biotechnology, Cairo, Egypt), following the protocols of Allain et 
al(52) and McGowan et al. (53), respectively. 

2.7 Hematological parameters analysis 

Red blood cell (RBC, 106 mm3) and white blood cell (WBC, 103 mm3) counts, hemoglobin (Hb, 
g dL-1), and hematocrit (Ht %) were measured according to the method detailed by Li et al. (54). 



 

 

Differential leukocytic counts (neutrophils, lymphocytes, and monocytes) were conducted using an 
automated blood cell counter. 

2.8 Enzyme activity 

Enzyme activity, such as protease, amylase, and lipase, was determined using the 
methodologies described by (55), (56), and (57). 

2.9 Water quality 

Water quality analysis was conducted three times throughout the maintenance period (on 
days 1, 30, and 60). A thermometer calibrated in Celsius was utilized to measure water temperature. 
Dissolved oxygen (O2; mg L-1) levels were measured using an oxygen meter (YSI Model 52, Yellow 
Instrument Co, Yellow Spring, OH USA). The pH values of the water were determined using a digital 
pH meter (Mini 0–14 pH IQ, Scientific Cemo Science, Thailand). The concentrations of nitrite (mg/L), 
nitrate (mg/L), TAN (mg/L), alkalinity (mg L-1), and hardness (mg L-1) were determined following 
standard procedures outlined by APHA (58). 

2.10 Statistical analysis 

The values for each parameter were expressed as the arithmetic mean ± standard error (SE). 
The effects of enriched diets on growth performance, hematological, biochemical, digestive enzyme 
activity, and water quality parameters were assessed using one-way ANOVA. Comparison of the 
mean values was conducted using Duncan's multiple range tests at a significance level of 0.05%. The 
software program SPSS (Version 14.0; SPSS) for Windows was employed for the analysis. 

3. RESULTS 
3.1 Growth performance 

The growth performance of fish fed with various experimental diets is presented in Table 2. At 
the conclusion of the 90-day experiment, the results indicated a dose-dependent increase in Final 
Weight (FW), Weight Gain (WG), Weight Gain Rate (WG%), Feed Efficiency Ratio (FER), Protein 
Efficiency Ratio (PER), Average Daily Gain (ADG) (g fish-1 day-1), and Specific Growth Rate (SGR). 
The highest values for FW, WG, WG%, PER, FER, ADG, and SGR were observed in the T5 (5% SP) 
diet group, showing statistical significance (P<0.05). These parameters were notably higher in the T5 
(5% SP) diet group compared to the control group (T0) and other treatments (P<0.05). Conversely, a 
dose-related decrease was observed in Feed Conversion Ratio (FCR), with the highest decrease 
recorded in the T5 (5% SP) diet group (P <0.05). No significant variations were detected in Survival 
Rate (SR) among all treatment groups (P >>0.05). According to the broken line regression model, the 
optimal SPC supplementation level was determined to be 5% based on the survival rate and growth 
parameters. 

Table 2. Mean (SE) value growth parameter of Osphronemusgoramy during the 90-day 
experiment 
  T0 (0% SP) T1(1% SP) T2(2% SP) T3(3% SP) T4(4% SP) T5(5% SP) 
Initial weight (IW) 6.926±0.012d 6.893±0.008d 6.896±0.008d 7.01±0.015b 7.1±0.011a 6.973±0.012c 
Final weight (FW) 55.16±0.202f 58.07±0.12e 60.76±0.145d 64.1±0.208c 67.87±0.145b 69.98±0.06a 
Weight gain (WG) gm 48.24±0.214f 51.173±0.111e 53.87±0.143d 57.09±0.202c 60.766±0.156b 63.01±0.05a 
Weight gain Rate (WG%) 696.45±4.29f 742.35±0.676e 781.10±2.163d 814.41±2.794c 855.88±3.594b 903.58±1.102a 
Total feed consumption (TFC) gm 96.5±0f 97.4±0e 100.7±0d 104.8±0c 106.9±0b 107.7±0a 
Feed conversion ratio (FCR) 2±0.008a 1.903±0.004b 1.869±0.004c 1.835±0.006d 1.759±0.004e 1.709±0.001f 
FER 0.499±0.002f 0.525±0.001e 0.534±0.001d 0.544±0.001c 0.568±0.001b 0.585±0a 
Protein efficiency ratio (PER) 1.663±0.009f 1.751±0.006e 1.783±0.008d 1.813 ±0.007c 1.895±0.008b 1.950±0.002a 

ADG (g fish-1 day-1) 0.536±0.002f 0.568±0.001e 0.598±0.001d 0.634±0.002c 0.675±0.001b 0.7±0a 
Specific growth rate (SGR) (%) 2.305±0.005f 2.367±0e 2.417±0.002d 2.459±0.003c 2.508±0.004b 2.562±0.001a 
Survival rate (SR%) (%) 100±0a 100±0a 100±0a 100±0a 100±0a 100±0a 
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Fig 1. Body weight and weight gain of Osphronemusgoramy during the 90-day experiment 
 
 

 

Fig12: FCR, FER, PER and DGR of Osphronemusgoramy during the 90-day experiment 
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Fig23:Specific growth rate (SGR) of Osphronemusgoramy during the 90-day 
experiment 

3.2. Body indices 
The body indices of fish fed with varying spirulina concentration diets are listed in Table 3. 

The hepatosomatic index (HSI) exhibited a significant increase from T0 (0% SP) to T5 (5% SP) over 
the experimental period (p P<0.05). Similarly, the viscerosomatic index (GSI%) showed a significant 
upward trend from T0 (0% SP) to T5 (5% SP), indicating an increase in visceral mass relative to body 
weight (pP<0.05). The visceral fat-somatic indexes (VFSI%) displayed a significant rise from T0 to T5 
(5% SP), signifying an augmentation in visceral fat deposition over time (p P<0.05). The bile somatic 
index (BSI%) demonstrated a statistically significant increase from T0 to T5 (5% SP), indicating an 
elevation in bile accumulation relative to body weight (p P<0.05). 

Table 3. Mean (SE) value condition factor and body indices of Osphronemusgoramy during the 
90-day experiment 

  T0 (0% SP) T1 (1% SP) T2 (2% SP) T3 (3% SP) T4 (4% SP) T5 (5% SP) 

Hepatosomatic index 
(HSI) (%) 

0.926±0.012e 0.956±0.008d 0.976±0.008d 0.993±0.008c 1.1±0.011b 1.29±0.005a 

Viscerosomatic index 
(GSI%) 

2.706±0.029f 2.78±0.017e 2.853±0.014d 2.983±0.014c 3.216±0.02b 3.493±0.02a 

Visceral fat-somatic 
indexes (VFSI%) 

2.09±0.005f 2.133±0.008e 2.17±0.005d 2.21±0.005c 2.29±0.005b 2.41±0.005a 

Bilesomatic (BSI%) 9.916±0.014f 10±0.025e 10.206±0.008d 10.296±0.014c 10.343±0.008b 10.443±0.008a 

 

3.3. Hematological parameters 
As indicated in Table 4, no significant differences were observed in RBC levels among all 

treatments (P>0.05). However, WBC, Hb, HCT, Monocyte, and Neutrophil levels exhibited a 
significant increase from T0 to T5 (5% SP) as spirulina concentration increased (p P<0.05). 
Lymphocyte levels demonstrated significant fluctuations across different concentrations of spirulina, 
with the highest level observed at T5 (5% SP) and the lowest in T0 (p < 0.05). 

Table4. Effects of dietary S. platensis on hematological parameters in Osphronemusgoramy. 

  T0 (0% SP) T1(1% SP) T2(2% SP) T3(3% SP) T4(4% SP) T5(5% SP) 

RBC (mm3.106) 3.216±1.608a 4.933±0.008a 4.996±0.008a 5.123±0.012a 5.263±0.008a 5.413±0.008a 

WBC (mm3. 104) 8.886±0.02f 9.316±0.02e 9.686±0.012d 10.516±0.02c 11.203±0.017b 12.303±0.024a 

(Hb, g dL-1) 5.526±0.012e 5.67±0.011d 5.793±0.008c 5.766±0.014c 5.906±0.008b 6±0.011a 

HCT (%) 33.513±0.008f 33.813±0.008e 34.1±0.005d 34.423±0.008c 34.846±0.008b 35.216±0.008a 

Monocyte (%) 2.51±0.011f 2.776±0.017e 2.916±0.014d 3.33±0.015c 3.79±0.015b 4.21±0.011a 

Lymphocyte (%) 76.233±0.12a 73.066±0.12d 75.166±0.088b 72.733±0.088d 74.333±0.12c 70.733±0.12e 
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Neutrophil (%) 10.116±0.012f 11.423±0.014e 12.663±0.008d 12.983±0.017c 13.65±0.015b 14.306±0.008a 

 
3.4. Serum biochemical parameters 

The serum biochemical parameters of fish fed with Spirulina are showed in Table 5. Fish fed 
the control diet exhibited the highest levels of cholesterol and triglyceride, with these levels 
decreasing as the dietary S. platensis levels increased (P<0.05). Total protein (g dL-1), albumin 
(g/dL), and globulin (g/dL) levels increased with the increase in spirulina concentration. The 
significantly highest levels of protein (g dL-1), albumin (g/dL), and globulin (g/dL) were observed in the 
T5 (5% SP) diet group (P<0.05). The A:G ratio (g/dL) was significantly highest in the T0 (0% SP) diet 
group and lowest in the T1 (1% SP) diet group (P<0.05). 

Table5. The effects of dietary Spirulina platensis phycocyanin (SPC) on the blood biochemical 
parameters of Osphronemusgoramy. 

  T0 (0% SP) T1(1% SP) T2(2% SP) T3(3% SP) T4(4% SP) T5(5% SP) 

Total protein (g dL-1) 3.53±0.015f 3.94±0.017e 4.186±0.012d 4.36±0.011c 4.663±0.008b 4.833±0.014a 

Albumin (g/dL) 1.843±0.012f 1.91±0.011e 1.97±0.005d 2.093±0.008c 2.153±0.008b 2.27±0.011a 

Globulin(g/dL) 1.823±0.014f 2.033±0.02e 2.093±0.008d 2.176±0.008c 2.256±0.014b 2.33±0.015a 

A:G ratio (g/dL) 1.011±0.003a 0.939±0.015c 0.941±0.006c 0.961±0.001bc 0.954±0.005bc 0.974±0.007c 

Triglyceride (Mg/dl) 315.366±0.384a 300.3±0.115b 293.633±0.12c 289.7±0.115d 283.733±0.12e 280.066±0.12f 

Cholesterol (mg/dl) 191.9±0.115a 187.9±0.057b 181.1±0.115c 178±0.057d 172.933±0.088e 168.566±0.145f 

 
3.5. Intestinal digestive enzymes and Hepatic antioxidant activities 

Table 6 illustrates the digestive enzymes activities and antioxidant activities of fish fed with 
Spirulina. Both Amylase and Lipase activities experienced a noteworthy increase as the concentration 
of spirulina increased from 0% to 5% (p P<0.05). These enzymatic activities demonstrated a gradual 
elevation with the increasing spirulina concentration in the diet. However, there was no significant 
variation observed in Protease activity across different concentrations of spirulina (p P>0.05). MDA 
levels showed a significant decrease from T0 (0% SP) to T5 (5% SP) with the increasing 
concentration of spirulina (p P<0.05). Conversely, SOD levels exhibited a significant increase from T0 
(0% SP) to T5 (5% SP) with the increasing spirulina concentration (p P<0.05). 

Table6. Intestinal digestive enzymes activities and Hepatic antioxidant activities of 
Osphronemusgoramy. 

  T0 (0% SP) T1(1% SP) T2(2% SP) T3(3% SP) T4(4% SP) T5(5% SP) 

Amilase (U/mg substrate) 2.11±0.011f 2.326±0.014e 2.25±0.011d 2.456±0.008c 2.656±0.02b 2.873±0.012a 

Lipase (U/mg substrate) 6.803±0.017f 7.346±0.014e 7.126±0.017d 7.833±0.02c 7.553±0.017b 7.973±0.008a 

Protease (U/mg substrate) 0.019±0c 0.022±0b 0.019±0c 0.02±0c 0.023±0b 0.025±0a 

MDA (µg/g) 2.02±0.017a 1.96±0.011b 1.906±0.008c 1.836±0.014d 1.496±0.017e 1.356±0.012f 

SOD (Umg/prot) 6.406±0.008f 7.25±0.011e 7.73±0.011d 8.03±0.011c 8.36±0.011b 8.576±0.008a 

 
3.6. Carcas composition 

Protein content exhibited a significant increase (p < 0.05) as spirulina content increased, from 
17.07% ± 0.03 at T0 to 18.6% ± 0.01 at T5 (Table 7). Fat content showed a similar trend, with 
significant differences observed between each treatment (p < 0.05). Fiber content also increased 
significantly with higher SP content, ranging from 0.96% ± 0 at T0 to 1.2% ± 0.01 at T5. ASH (Ash 
content) decreased significantly (p P<0.05) with increasing SP content, with values ranging from 
5.13% ± 0.01 at T0 to 4.23% ± 0.01 at T5. Carbohydrate (CHO) content displayed a significant 
decrease (p P<0.05) as SP content increased, with values ranging from 1.98% ± 0.01 at T0 to 1.21% 
± 0 at T5. Dry matter content showed significant variability across SP levels, and Moisture content 
exhibited an inverse relationship with spirulina content. Overall, the results indicate that increasing SP 
content in the body composition led to significant changes in nutritional composition, particularly in 
protein, fat, fibre, ash, and carbohydrate contents. 



 

 

Table7. Body composition of Osphronemusgoramy. 

  T0 (0% SP) T1 (1% SP) T2 (2% SP) T3 (3% SP) T4 (4% SP) T5 (5% SP) 

Crude Protein% 17.07±0.03f 17.36±0.01e 17.51±0.01d 17.79±0.01c 18.19±0b 18.6±0.01a 

Crude Fat 4.2±0.01d 4.29±0.01c 4.28±0.01c 4.51±0.02b 4.53±0.02b 4.61±0.01a 

Crude Fiber 0.96±0d 0.98±0.01d 1.04±0c 1.08±0.01b 1.11±0.01b 1.2±0.01a 

ASH 5.13±0.01f 4.91±0.01e 4.81±0.01d 4.51±0.01c 4.3±0.01b 4.23±0.01a 

CHO 1.98±0.01a 1.96±0a 1.95±0.01a 1.97±0a 1.52±0b 1.21±0c 

Dry matter 29.35±0.06d 29.52±0.02c 29.61±0.04c 29.87±0.03a 29.66±0.02b 29.87±0.05a 

Moisture content 70.64±0.06a 70.48±0.02b 70.39±0.04bc 70.12±0.03d 70.33±0.02c 70.13±0.05d 

 

3.7. Water quality 
The water quality of the concrete pond where giant gourami juveniles were reared was 

assessed. Parameters including water temperature, dissolved oxygen (DO), total alkalinity, hardness, 
pH, and nitrates were measured and found to be within the typical range recommended by WHO/FAO 
standards, as outlined in Table 8. 

Table8. Water quality parameter observed during 90 days of experiment 

  T0 (0% SP) T1 (1% SP) T2 (2% SP) T3 (3% SP) T4 (4% SP) T5 (5% SP) 

Temperature (°C) 28.56±0.088e 28.93±0.088d 28.6±0.057e 30.1±0.057b 30.7±0.057a 29.3±0.057c 

PH 7.833±0.008a 7.396±0.012f 7.496±0.008e 7.533±0.008d 7.716±0.008c 7.793±0.008b 

DO (mg/L) 5.813±0.012e 6.096±0.012b 6.24±0.011a 5.963±0.012c 5.863±0.008d 6.266±0.012a 

Total Alkalinity 
(mg/L as CaCO3) 

55.33±0.088d 56.46±0.088c 59.53±0.088b 54.73±0.088e 60.06±0.088a 59.33±0.088b 

Hardness 
 (mg/L as CaCO3) 

66.56±0.088e 68.56±0.088d 69.23±0.088c 65.56±0.088f 69.86±0.088b 70.23±0.088a 

NO3 (mg/L) 0.054±0.001a 0.031±0.001c 0.046±0.001b 0.035±0.001c 0.047±0.001b 0.057±0a 

NO2 (mg/L) 0.027±0.002e 0.069±0.001b 0.021±0.001f 0.063±0.001c 0.041±0.001d 0.079±0a 

TAN (mg/L) 0.606±0.008e 0.773±0.008d 0.48±0.005f 1.506±0.008b 1.806±0.008a 0.896±0.008c 

 
4. DISCUSSION 
4.1. Growth performance 

During feeding trial, we observed a significant increase in the growth performance of 
Osphronemusgoramywhen the Spirulina concentration in the feed increased from 1% to 5% over a 
span of 90 days. The inclusion of Spirulina in aquafeed led to an increase in hunger and notably 
elevated feed intake, resulting in improvements in parameters such as Final weight (FW), weight gain 
(WG), weight gain% (WG%), feed efficiency ratio (FER), average daily growth (ADG), and specific 
growth rate (SGR). These findings are consistent with previous research(29,36,59,60). Studies by 
Hassanpour et al. (61) and Zeinab et al.(62) found that the supplementation of Spirulina in the diets of 
rainbow trout and Nile Tilapia, respectively, resulted in higher body weights compared to control 
groups. Similarly, research by Jana et al. (Jana et al., 2014),Simanjuntak et al. (13), and Abu-Elala et 
al. (63) demonstrated significant growth enhancement in fish fed with Spirulina, without any adverse 
effects (64) and with potential as a feed material (38). Additionally, the inclusion of Spirulina in 
aquafeed improved survival, growth rate, and feed utilization in Macrobrachiumrosenbergii prawn 
culture at concentration level from 5% to 20%, as observed in similar studies on 
Litopenaeusvannamei(65). Overall, Spirulina shows promise as a natural supplement for enhancing 
growth and health in aquaculture. 

Spirulina platensis enhances growth in fish due to its highly digestible protein content, 
abundant essential fatty acids, vitamins (such as vitamin B12), and minerals(66,67). Its cellular 
structure lacks cellulose, making it easily digestible by fish digestive enzymes, aided by the presence 
of mucopolymermurein((64). Additionally, Spirulina promotes the growth of beneficial intestinal flora in 
fish and aids in the breakdown of indigestible feed components (36,64). Parameters like protein 
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efficiency ratio (PER), survival rate (SR%), and feed conversion ratio (FCR) significantly improve with 
increased Spirulina concentration. 
 
4.2. Body indices 

At the end of experiment result was found that the body indices (HIS%, VFSI%, GSI% and 
BSI%) was increased with increase in concentration of spirulina in diet from (0% to 5%). Significant 
highest Hepatosomatic index (HSI) (%), Viscerosomatic index (GSI%), Visceral fat-somatic indexes 
(VFSI%) and Bilesomatic (BSI%) observed in T5 (5% SP) diet (p < 0.05). A higher hepatosomatic 
index (HSI) reflects increased glycogen levels and favorable environmental conditions. This 
relationship was observed in separate studies conducted by Velasquez et al. (68) on Nile tilapia and 
Tulli et al. (69) on European sea bass juveniles (Dicentrarchuslabrax), where diets containing 20% 
Tetraselmissuecica microalgae resulted in lower HSI compared to control diets without microalgae. 
This connection between the level of microalgae inclusion and improved lipid mobilization efficiency in 
fish liver has also been noted by (70) and(71). The viscerosomatic index (VSI) serves as an indicator 
of fish digestive capacity. Consistent findings were reported by (68) in Nile tilapia, where the highest 
VSI was observed in fish fed diets with 0% to 30% microalgae inclusion, showing a downward trend 
as the level of Arthrospira inclusion increased. Nevertheless, it's essential to recognize that VSI 
represents just one aspect of fish digestive capacity, as other factors likely play a role. 
 
4.3. Hematological parameters 

In our study, we observed a dose-dependent increase in blood parameters, including, WBC, 
HCT, Hb, Monocyte (%) and Neutrophil (%), in fish fed with 5% Spirulina platensis compared to the 
control group. But there is no significant difference was found in the RBC count among fish fed 
different concentrations of Spirulina (p>0.05) and Lymphocyte (%), count is significantly decrease with 
increase in concentration of spirulina (p<0.05). the RBC count Similar findings were reported by (72) 
and (34). Promya and Chitmant(73) demonstrated higher WBC and RBC counts in African sharp tooth 
catfish fed diets containing 5% A. platensis + basal. (44) found increased RBC and Hb levels in Great 
Sturgeon fed with S. platensis. Spirulina's high iron content significantly affects erythropoiesis, as 
seen in studies on anaemic rats (74). (75) observed the highest levels of RBC, WBC, and Hb in Nile 
tilapia with 10% Spirulina supplementation. Similar increases in WBC were reported in large yellow 
croaker and carp with Spirulina supplementation(54,74). This finding was also supported by (76) and 
(77). This is attributed to polypeptide-phycocyanin, enhancing WBC production (78). (62) noted 
increased hemoglobin levels in Nile tilapia fed Spirulina, while (36) found 10% S. platensis 
supplementation increased hematocrit values. However, carp RBCs were unaffected by 3.0–5.0 g/kg 
Spirulina (79). 
 
4.4. Blood biochemical parameters 

In fish, the levels of total protein, albumin, and globulin in serum provide valuable diagnostic 
insights into overall nutritional status, vascular system integrity, and liver function (80). The current 
study observed that supplementation with 5% spirulina resulted in higher levels of total protein, 
albumin, and globulin compared to the control group. Conversely, previous research by (13) found 
that diets containing 2.0–6.0% Spirulina significantly increased serum levels of total protein, globulin, 
and the A/G ratio. Similar findings were reported by (81), where feeding with 10.0% Spirulina 
significantly elevated serum albumin levels, as also observed by (29). Additionally, (62) noted that 
increased levels of S. platensis correlated with higher serum total protein and globulin, although there 
was no significant difference in albumin levels (p P>0.05). The rise in serum albumin levels could be 
attributed to Spirulina's various active compounds, including carotenoids, polysaccharides, vitamins, 
minerals, and linoleic acid, which act as immunostimulants, enhancing the immune system (82). 
Spirulina's potent antioxidant properties contribute to its ability to improve immune capacity and health 
status in Osphronemus gourami, similar to findings in O. niloticus(22,63). Furthermore, (83) 
demonstrated that different levels of S. platensis improved total serum protein, albumin, globulin, and 
biochemical responses in Mugilcephalus. Including S. platensis and Sargassumilicifolium extract in 
diets for Husohuso and O. niloticus also increased serum total protein and globulin levels (62,84). The 
serum albumin level plays a crucial role in regulating metabolism, maintaining osmotic pressure in the 
blood, and facilitating the transport of both exogenous and endogenous metabolites (85). Globulin 
serves as a prominent carrier/transporter in living organisms Simanjuntak et al.(13).  
 In the present result cholesterol and triglyceride level decrease with increase in spirulina 
concentration. Similarly, (86) discovered that incorporating 1.0 g/kg Spirulina into tilapia diets did not 
impact the serum levels of total cholesterol and triglycerides. However, diets containing 10.0% 
Spirulina significantly raised the serum levels of cholesterol and triglycerides(29). Spirulina 



 

 

platensiscontains α-linolenic acid, linoleic acid, and β-carotene, which have the potential to lower 
cholesterol and triglyceride levels and prevent hypercholesterolemia and atherosclerosis (87,88). 
 
4.5. Digestive enzyme 

Algae are abundant in both macro and micro elements, which have the potential to stimulate 
digestive enzyme activity (89). Low concentrations of microalgae in the gut may trigger the secretion 
of endogenous digestive enzymes and promote fish growth(90,91). (92) noted that Isochryisisgalbana 
algae enhanced pancreatic and intestinal enzyme production in sea bass (Dicentrarchuslabrax) 
larvae. While fish typically struggle to digest plant matter due to the cellulose cell wall, S. platensis is 
known to have a thin cell wall composed primarily of 80% pectin and 20% cellulose, facilitating 
improved digestion and assimilation (93). Consequently, S. platensis is easily digested and may 
enhance the assimilation of other nutrients, including antioxidants. 
 In the current experiment, the activity of amylase (U/mg substrate), lipase (U/mg substrate), 
and protease (U/mg substrate) significantly increased with the concentration of spirulina in the diet 
compared to the control group (p>0.05). Similarly,BiabaniAsrami et al. (27)observed that dietary 
supplementation of phycocyanin extracted from Spirulina enhanced the activities of amylase, 
protease, and lipase in Guppy fish (Poeciliareticulata). Additionally,Teimouri et al. (94)  found that 
Spirulina platensis enhanced digestive enzyme activity, thereby improving nutrient assimilation. 
Therefore, increasing the inclusion of spirulina in the diet improved the digestive enzyme activity in 
Osphronemus gourami. 
 
4.6. Antioxidant activity 

Superoxide dismutase (SOD) play crucial roles in scavenging free radicals and protecting 
essential cellular macromolecules and organelles from oxidative damage (95). Previous studies have 
indicated that dietary supplementation of spirulina can reduce antioxidant activities in Nile tilapia 
(Oreochromisniloticus)(96) and goldfish (Carassius auratus) (97). Additionally, Li et al. (2009) 
demonstrated that phycocyanin enhances the activities of SOD enzymes in pancreatic beta cells. 
Tayag et al. (98) andLin et al. (99) reported a direct increase in SOD enzyme activity with spirulina 
extract in white shrimp.Abdelkhalek et al. (100)  illustrated that spirulina supplementation enhances 
SOD enzyme activity in Oreochromisniloticus. Furthermore, Yu et al.(75) observed that rainbow trout 
fed with 10% spirulina exhibited the highest SOD activity. 

MDA serves as the end product of lipid peroxidation, leading to cellular toxicity and 
accelerating damage to cells and tissues(101–103). In the current study, MDA enzyme activity 
decreased with an increase in spirulina concentration, consistent with previous findings in Nile tilapia 
(Oreochromisniloticus) (96), and Carp (Cyprinuscarpiovar) (104). Similarly,Abdelkhalek et 
al.(100)reported that dietary supplementation with S. platensis reduced MDA levels in the liver, 
kidney, and gills of Nile tilapia. 
 
4.7. Body composition 

In this study, findings revealed that protein deposition in the body increased with higher 
spirulina content, notably peaking at 18.6±0.01a in the T5 group (5% SP) (p>0.05). Likewise, lipid 
(4.61±0.01a) and fibre (1.2±0.01a) content rose with escalating spirulina concentration, while 
carbohydrate (CHO) (1.21±0c) and ash (ASH) (4.23±0.01a) levels declined in Osphronemusgoramy 
bodies with increasing spirulina content. Overall, the body composition exhibited optimal results in the 
high 5% (spirulina) concentration diet, indicating efficient utilization of spirulina-infused feed by 
Osphronemusgoramy bodies. These results are consistent with past research; Moreira et al.(105) 
proposed that spirulina LEB-18 is a valuable dietary addition for addressing nutritional deficiencies 
due to its rich mineral and nutritional content. Changes in body fat and protein content are linked to 
variations in synthesis and deposition levels within muscle tissues (29,106).(107) noted significant 
enhancements in the biochemical composition of Macrobrachiumrosenbergii PL bodies when fed 
Spirulina-enriched Artemia nauplii. Feeding larvae of Cyprinuscarpio with 20% Spirulina led to 
considerable improvements in body composition, particularly in protein composition and body fat (59). 
 
4.8. Water quality 

In The present study found that water quality parameters, including temperature (°C), 
dissolved oxygen (mg/L), total alkalinity (mg/L as CaCO3), hardness (mg/L as CaCO3), Ph and 
nitrates (mg/L), were all within acceptable limits according to WHO/FAO standards (Table 9). 



 

 

Table9. standard water quality parameter rangeacording to WHO/FAO limits 

Water quality parameters WHO/FAO limits References 
Water temperatures (°C) 25–33 (108) 
Dissolved oxygen (mg/L) 3-5 (109) 
Total alkalinity (mg/L as CaCO3) 120 (110) 
Hardness (mg/L as CaCO3) 168 (110) 
pH 6.5–9.0 (110) 
Nitrates (mg/L) 0.2–219 (110) 
  
5. CONCLUSIONS 

 In conclusion, our experiment showed that Osphronemus gourami fed a diet supplemented 
with Spirulina platensis at 5% for 90 days improved fish growth performance (FW, WG, WG%, PER, 
FCR, FER, ADG, SGR, and SR%), increased feed and protein utilization, improve the body deposition 
(Protein, fat, ASH, CHO, fiber), elevated body indices (HIS%, VFSI%, GSI%, and BSI%), enhanced 
hematological parameters (RBC, WBC, HCT, Hb, Monocyte %, and Neutrophil %), improved 
biochemical responses (Total serum protein, Albumin, and Globulin), decreased levels of cholesterol 
and triglyceride, and increased digestive (Amylase, Lipase, and Protease) and antioxidant (SOD & 
MDA) enzyme activity in fish and improve the immunity. 

 

REFERENCES 

1. FAO. (Food and Agriculture Organization). 2008 The state of world fisheries and 
aquaculture: Opportunities and challenges. Food and Aqriculture Organization 
of the United Nations. 2018;209.  

2. Hua K, Cobcroft JM, Cole A, Condon K, Jerry DR, Mangott A, et al. The future 
of aquatic protein: implications for protein sources in aquaculture diets. One 
Earth. 2019;1(3):316–29.  

3. Gómez B, Munekata PE, Zhu Z, Barba FJ, Toldrá F, Putnik P, et al. Challenges 
and opportunities regarding the use of alternative protein sources: Aquaculture 
and insects. Adv Food Nutr Res. 2019;89:259–95.  

4. Zhang Y, Lu R, Qin C, Nie G. Precision nutritional regulation and aquaculture. 
Aquac Rep. 2020;18:100496.  

5. Nagappan S, Das P, AbdulQuadir M, Thaher M, Khan S, Mahata C, et al. 
Potential of microalgae as a sustainable feed ingredient for aquaculture. J 
Biotechnol. 2021;341:1–20.  

6. Dawood MA, Koshio S. Application of fermentation strategy in aquafeed for 
sustainable aquaculture. Rev Aquac. 2020;12(2):987–1002.  

7. Azrita HS, Syandri H. Morphological character among five strains of giant 
gourami, OshpronemusgouramyLacepede, 1801 (Actinopterygii: Perciformes: 
Osphronemidae) using a truss morphometric system. Int J Fish Aquat Stud 
[Internet]. 2015;2(6):344–50. Available from: 
https://www.fisheriesjournal.com/vol2issue6/Pdf/2-6-58.1.pdf 

8. Sundara RB. Notes on the freshwater fishes of Madras. Records Indian 
Museum 7; 1916.  

9. Caruso D, Arifin ZO, Subagja J, Slembrouck J, New M. Osphronemusgoramy. 
Cultured Aquatic Species Information Programmed. Rome: FAO Fisheries and 
Aquaculture Department; 2019.  



 

 

10. Amornsakun T, Kullai S, Hassan A. Feeding behavior of giant gourami, 
Osphronemusgoramy (Lacepede) larvae. Songklanakarin Journal of Science 
and Technology [Internet]. 2014;36(3):261–4. Available from: 
https://www.thaiscience.info/Journals/Article/SONG/10968306.pdf 

11. Arifin OZ, Imron I, Asependi A, Hendri A, Muslim N, Yani A. 
HibridisasiintraspesifikantarduapopulasiikanguramiGalunggung 
(Osphronemusgoramy, Lacepede, 1801). JurnalRisetAkuakultur. 
2018;12(4):315–23.  

12. Prakoso VA, Pouil S, Prabowo MNI, Sundari S, Arifin OZ, Subagja J, et al. 
Effects of temperature on the zootechnical performances and physiology of 
giant gourami (Osphronemusgoramy) larvae. Aquaculture. 2019;510:160–8.  

13. Simanjuntak SBI, Indarmawan I, Wibowo ES. Impact of fed containing different 
levels of diets supplementation Spirulina platensis on growth, haematological, 
body composition and biochemical parameters, of Gurami 
(Osphronemusgouramy). Turk J Fish Aquat Sci. 2018;18(5):681–90.  

14. FAO. Cultured aquatic species information programme Osphronemusgoramy 
(Lacépède, 1801). In: FAO Fisheries and Aquaculture Department [Internet]. 
2020. Available from: http://www.FAO.org/fishery/culturedspecies/Osphr 

15. Rl W. International introduction of Inland Aauatic species. Rome, Fao Fisheries 
Technical Papers. 1988;(294):318.  

16. NFDB. Matsya Bharat. National Fisheries Development Board, Government of 
India. 2016;8.  

17. Kumari DJ, Babitha B, Jaffar S, Prasad MG, Ibrahim MD, Khan MS. Potential 
health benefits of Spirulina platensis. Int J Adv Pharm Sci [Internet]. 
2011;2:417–22. Available from: 
https://www.researchgate.net/profile/Mohammad-Ibrahim-
38/publication/215961590_Potential_Health_Benefits_of_Spirulina_platensis/lin
ks/06ab3257153eddb43a4d41ff/Potential-Health-Benefits-of-Spirulina-
platensis.pdf 

18. Henrikson R. Spirulina: Health discoveries from the source of life. 2000.  

19. Allen D. Nutrient comparison of Spirulina with carrot. Denver, Colorado. 
webmaster@ microhydron.com. 2000.  

20. Belay A. The potential application of Spirulina (Arthrospira) as a nutritional and 
therapeutic supplement in health management. Journal of the 
americannutraceutical association (jana) [Internet]. 2002;5(-),. Sid:26–48. 
Available from: Https://sid.ir/paper/546615/en 

21. Gutiérrez-Salmeán G, Fabila-Castillo L, Chamorro-Cevallos G. 
Aspectosnutricionales y toxicológicos de Spirulina (arthrospira). Nutr Hosp. 
2015;32(1):34–40.  

22. Bermejo P, Piñero E, Villar ÁM. Iron-chelating ability and antioxidant properties 
of phycocyanin isolated from a protean extract of Spirulina platensis. Food 
Chem [Internet]. 2008;110(2):436–45. Available from: http://dx.doi 

23. Phang SM, Miah MS, Yeoh BG, Hashim MA. Spirulina cultivation in digested 
sago starch factory wastewater. J ApplPhycol. 2000;12:395–400.  



 

 

24. Jaime-Ceballos BJ, Hernández-Llamas A, Garcia-Galano T, Villarreal H. 
Substitution of Chaetocerosmuelleri by Spirulina platensis meal in diets for 
Litopenaeusschmitti larvae. Aquaculture. 2006;260(1–4):215–20.  

25. Kamble SP, Gaikar RB, Padalia RB, Shinde KD. Extraction and purification of 
C-phycocyanin from dry Spirulina powder and evaluating its antioxidant, 
anticoagulation and prevention of DNA damage activity. J Appl Pharm Sci. 
2013;3(8):149–53.  

26. Bhat VB, Madyastha KM. Scavenging of peroxynitrite by phycocyanin and 
phycocyanobilin from Spirulina platensis: protection against oxidative damage to 
DNA. BiochemBiophys Res Commun. 2001;285(2):262–6.  

27. BiabaniAsrami M, Sudagar M, Shahraki N, Vahdat S. Effect of extracted 
phycocyanin from Spirulinaplatensison growth parameters, colorations, 
digestive enzymes and body chemical compositions of Guppy fish 
(Poeciliareticulata). Survey in Fisheries Sciences [Internet]. 2019;6(1):1–8. 
Available from: 
https://web.archive.org/web/20200715221920id_/http://sifisheriessciences.com/f
iles/site1/user_files_d60aad/fallahi-A-10-444-56-b3344d0.pdf 

28. Fernández-Rojas B, Medina-Campos ON, Hernández-Pando R, Negrette-
Guzmán M, Huerta-Yepez S, Pedraza-Chaverri J. C-phycocyanin prevents 
cisplatin-induced nephrotoxicity through inhibition of oxidative stress. Food 
Funct. 2014;5(3):480–90.  

29. Abdel-Tawab M, Ahmed H. Live Spirulina (Arthrospiraplatensis) as a growth and 
immunity promoter for Nile tilapia, Oreochromisniloticus (L.), challenged with 
pathogenic Aeromonashydrophila. Aquac Res [Internet]. 2009;40(9):1037–46. 
Available from: http://dx.doi 

30. Awad LZ, El-Mahallawy HS, Abdelnaeim NS, Mahmoud MM, Dessouki AA, 
ElBanna NI. Role of dietary Spirulina platensis and betaine supplementation on 
growth, hematological, serum biochemical parameters, antioxidant status, 
immune responses, and disease resistance in Nile tilapia. Fish Shellfish 
Immunol. 2022;126:122–30.  

31. Mahmoud MM, El-Lamie MM, Kilany OE, Dessouki AA. Spirulina 
(Arthrospiraplatensis) supplementation improves growth performance, feed 
utilization, immune response, and relieves oxidative stress in Nile tilapia 
(Oreochromisniloticus) challenged with Pseudomonas fluorescens. Fish 
Shellfish Immunol. 2018;72:291–300.  

32. Li XL, Xu G, Chen T, Wong YS, Zhao HL, Fan RR, et al. Phycocyanin protects 
INS-1E pancreatic beta cells against human islet amyloid polypeptide-induced 
apoptosis through attenuating oxidative stress and modulating JNK and p38 
mitogen-activated protein kinase pathways. Int J Biochem Cell Biol. 
2009;41(7):1526–35.  

33. Rabadiya B, Patel P. Spirulina: Potential clinical therapeutic application. J of 
Pharmacy Research. 2010;3(8):1726–32.  

34. El-Sheekh M, El-Shourbagy I, Shalaby S, Hosny S. Effect of feeding 
Arthrospiraplatensis (Spirulina) on growth and carcass composition of hybrid red 
tilapia (Oreochromisniloticus x Oreochromismossambicus). Turk J Fish Aquat 
Sci. 2014;14(2):471–8.  



 

 

35. Kim SS, Rahimnejad S, Kim KW, Lee KJ. Partial replacement of fish meal with 
Spirulinapacifica in diets for parrot fish (Oplegnathusfasciatus). Turk J Fish 
Aquat Sci. 2013;13(2).  

36. Ibrahem MD, Mohamed MF, Ibrahim MA. The role of Spirulinaplatensis 
(Arthrospiraplatensis) in growth and immunity of Nile tilapia 
(Oreochromisniloticus) and its resistance to bacterial infection. 5(6). 2013;109–
17.  

37. Jana A, Saroch JD, Borana K. Effect of Spirulina as a feed supplement on 
survival and growth of Pangasiussutchi. Int J Fish Aquat Stud [Internet]. 
2014;1(5):77–9. Available from: 
https://www.fisheriesjournal.com/vol1issue5/pdf/98.1.pdf 

38. Simanjuntak SBI, Soedibya PHT, Wibowo ES. Growth performance of gurami 
(Osphronemusgouramy Lac.) the given phytoplankton Spirulina platensis and 
Chlorella vulgaris. 2014.  

39. Aryani N, Mardiah A, Syandri H. Influence of feeding rate on the growth, feed 
efficiency and carcass composition of the Giant gourami 
(Osphronemusgoramy). Pak J Zool [Internet]. 2017;49(5). Available from: 
https://www.researchgate.net/profile/Ainul-Mardiah-
3/publication/319604781_Influence_of_Feeding_Rate_on_the_Growth_Feed_Ef
ficiency_and_Carcass_Composition_of_the_Giant_Gourami_Osphronemus_gor
amy/links/5ab5caf745851515f59a8124/Influence-of-Feeding-Rate-on-the-
Growth-Feed-Efficiency-and-Carcass-Composition-of-the-Giant-Gourami-
Osphronemus-goramy.pdf 

40. Budi DS, Alimuddin A, Suprayudi MA. Growth response and feed utilization of 
giant gourami (Osphronemusgoramy) juvenile feeding different protein levels of 
the diets supplemented with recombinant growth hormone. Hayati. 
2015;22(1):12–9.  

41. Nofyan E. PengaruhPemberianPakan Dari SumberNabati Dan 
HewaniTerhadapBerbagaiAspekFisiologiIkanGurami (OsphronemusGouramy 
L.)[the Effect of Plant and Animal Food on Various Physiological Aspects of 
Giant Gouramy (OsphronemusGouramy L.)]. J IktiologiIndones [Internet]. 
2005;5(1):19–23. Available from: https://doi.org/10.32491/jii.v5i1.297 

42. Yandes Z, Affandi R. 
Pengaruhpemberianselulosadalampakanterhadapkondisibiologisbenihikangura
mi (Osphronemm gourami Lac)[Effect of sellulose in dietary on the biological 
condition of giant gourami fry (Osphronemusgoramy Lac)]. J IktiologiIndones 
[Internet]. 2003;3(1):27–33. Available from: https://doi.org/10.32491/jii.v3i1.269 

43. Nutrient N. requirements of fish [Internet]. Washington DC: National Academy 
Press; 1993. Available from: 
https://books.google.co.in/books?hl=en&lr=&id=M2aBtOUhRagC&oi=fnd&pg=P
A1&dq=NRC+Nutrient+requirements+of+fish.+(1993).+Washington+DC:+Nation
al+Academy+Press.&ots=ZXhiJPPIso&sig=ZyWycMmB4zMySw5YLTh1YqYXfg
E&redir_esc=y#v=onepage&q=NRC 

44. Adel M, Yeganeh S, Dadar M, Sakai M, Dawood MA. Effects of dietary Spirulina 
platensis on growth performance, humoral and mucosal immune responses and 
disease resistance in juvenile great sturgeon (Husohuso Linnaeus, 1754). Fish 
Shellfish Immunol. 2016;56:436–44.  



 

 

45. Castell JD, Tiews K. Report of the EIFAC, IUNS and ICES Working Group on 
Standardization of Methodology in Fish Nutrition Research, Hamburg, Federal 
Republic of Germany, 21-23 March 1979 (No [Internet]. 1980. Available from: 
https://agris.fao.org/search/en/providers/122621/records/64774bfaf2e6fe92b363
78d3 

46. Stuart JS, Hung SS. Growth of juvenile white sturgeon 
(Acipensertransmontanus) fed different proteins. Aquaculture. 1989;76(3–
4):303–16.  

47. AOAC. Official methods of analysis. In: W Horwitz (Ed). 13th ed. Washington, 
DC: Academic Press; 2000.  

48. Nishikimi M, Rao NA, Yagi K. The occurrence of superoxide anion in the 
reaction of reduced phenazine methosulfate and molecular oxygen. 
BiochemBiophys Res Commun. 1972;46(2):849–54.  

49. Mihara M, Uchiyama M. Determination of malonaldehyde precursor in tissues by 
thiobarbituric acid test. Anal Biochem. 1978;86(1):271–8.  

50. Ag G. Determination of serum proteins by means of the biuret reactions. J Biol 
Chem, , [Internet]. 1949;177:51. Available from: 
https://cir.nii.ac.jp/crid/1573387450479762048#citations_container 

51. Doumas BT, Watson WA, Biggs HG. Albumin standards and the measurement 
of serum albumin with bromcresol green. Clinicachimicaacta. 1997;258(1):21–
30.  

52. Allain CC, Poon LS, Chan CS, Richmond WFPC, Fu PC. Enzymatic 
determination of total serum cholesterol. Clin Chem. 1974;20(4):470–5.  

53. McGowan MW, Artiss JD, Strandbergh DR, Zak B. A peroxidase-coupled 
method for the colorimetric determination of serum triglycerides. Clin Chem. 
1983;29(3):538–42.  

54. Li M, Wu W, Zhou P, Xie F, Zhou Q, Mai K. Comparison effect of dietary 
astaxanthin and Haematococcuspluvialis on growth performance, antioxidant 
status and immune response of large yellow croakerPseudosciaenacrocea. 
Aquaculture. 2014;434:227–32.  

55. Bergmeyer HU, Grassi M. Methods of enzymatic analysis [Internet]. 1983. 
Available from: 
https://books.google.co.in/books?id=GDd2zYuLpRwC&dq=Bergmeyer,+H.U.,+
Grassi,+M.+(1983).+Methods+of+enzymatic+analysis.+Vol.+2.+Weinheim:+Verl
ag+Chemie.&lr=&source=gbs_navlinks_s 

56. Worthington V. Worthington enzyme manual: enzymes and related 
biochemicals. Worthingthon Chemical, New Jersey. 1993;399.  

57. Borlongan IG. Studies on the digestive lipases of milkfish, Chanoschanos. 
Aquaculture. 1990;89(3–4):315–25.  

58. APHA. Standard Methods for Examination of Water and Wastewater. 19th ed. 
Washington DC, USA: American Public Health Association; 1995.  

59. Abdulrahman NM, Ameen HJH. Replacement of fishmeal with microalgae 
Spirulina on common carp weight gain, meat and sensitive composition and 
survival. Pakistan Journal of Nutrition. 2014;13(2):93.  



 

 

60. Abdulrahman NM. Evaluation of Spirulina spp. as food supplement and its effect 
on growth performance of common carp fingerlings. Int J Fish Aquat Stud 
[Internet]. 2014;2(2):89–92. Available from: 
https://www.fisheriesjournal.com/archives/2014/vol2issue2/PartB/2.pdf 

61. Hassanpour S, Chaichisemsari M, Riyazi SR. Effect of replacing different levels 
of Soybean meal with Spirulina on performance in Rainbow Trout. Ann Biol Res 
[Internet]. 2011;2(3):374–9. Available from: 
https://d1wqtxts1xzle7.cloudfront.net/107724245/effect-of-replacing-different-
levels-of-soybean-meal-with-spirulina-on-performance-in-rainbow-trout-
libre.pdf?1700756584=&response-content-disposition=inline 

62. Zeinab AK, Aly MS, Faiza AK, Fatma EM. Effect of Spirulinaplatensis and 
Lactobacillus rhamnosus on growth and biochemical performance of Nile Tilapia 
(Oreochromisniloticus) fingerlings. Int J CurrMicrobiolApplSci [Internet]. 
2015;4(4):747–63. Available from: http://www.ijcmas.com/vol-4-4/Zeinab 

63. Abu-Elala NM, Galal MK, Abd-Elsalam RM, Mohey-Elsaeed O, Ragaa NM. 
Effects of dietary supplementation of Spirulina platensis and garlic on the growth 
performance and expression levels of immune-related genes in Nile tilapia 
(Oreochromisniloticus). J Aquac Res Dev [Internet]. 2016;7(7):433–42. 
Available from: https://www.researchgate.net/profile/Nermeen-Abu-
Elala/publication/306047814_Effects_of_Dietary_Supplementation_of_Spirulina
_platensis_and_Garlic_on_the_Growth_Performance_and_Expression_Levels_
of_Immune-
related_Genes_in_Nile_tilapia_Oreochromis_niloticus/links/5f439eec458515b72
9499b83/Effects-of-Dietary-Supplementation-of-Spirulina-platensis-and-Garlic-
on-the-Growth-Performance-and-Expression-Levels-of-Immune-related-Genes-
in-Nile-tilapia-Oreochromis-niloticus.pdf 

64. Teimouri M, Amirkolaie AK, Yeganeh S. The effects of Spirulina platensis meal 
as a feed supplement on growth performance and pigmentation of rainbow trout 
(Oncorhynchus mykiss). Aquaculture. 2013;396:14–9.  

65. Hanel H, Broekman D;, deGraaf S, Schnack D. S, Schnack D. Partial 
replacement of fishmeal by the lyophilized powder of the microalgae Spirulina 
platensis in Pacific white shrimp diets’’ Open Mar Biol J. 2007;1:1–5.  

66. Wang L, Pan B, Sheng J, Xu J, Hu Q. Antioxidant activity of Spirulina platensis 
extracts by supercritical carbon dioxide extraction. Food Chem. 2007;105(1):36–
41.  

67. Saranraj P, Sivasakthi S. Spirulina platensis–food for future: a review. Asian J 
Pharm SciTechnol [Internet]. 2014;4(1):26–33. Available from: 
https://d1wqtxts1xzle7.cloudfront.net/82407660/26-33-
libre.pdf?1647806087=&response-content-disposition=inline 

68. Velasquez SF, Chan MA, Abisado RG, Traifalgar RFM, Tayamen MM, Maliwat 
GCF, et al. Dietary Spirulina (Arthrospiraplatensis) replacement enhances 
performance of juvenile Nile tilapia (Oreochromisniloticus). J ApplPhycol. 
2016;28:1023–30.  

69. Tulli F, ChiniZittelli G, Giorgi G, Poli BM, Tibaldi E, Tredici MR. Effect of the 
inclusion of dried Tetraselmissuecica on growth, feed utilization, and fillet 
composition of European sea bass juveniles fed organic diets. Journal of 
aquatic food product technology. 2012;21(3):188–97.  



 

 

70. Nakagawa H. Effect of dietary algae on improvement of lipid metabolism in fish. 
Biomedicine & pharmacotherapy. 1997;51(8):345–8.  

71. Ergün S, Soyutürk M, Güroy B, Güroy D, Merrifield D. Influence of Ulva meal on 
growth, feed utilization, and body composition of juvenile Nile tilapia 
(Oreochromisniloticus) at two levels of dietary lipid. Aquaculture International. 
2009;17:355–61.  

72. El Gammal MA, Shalaby AM, Ramadan AA. The use of spirulina platensis 
(microalgae) as a food additive to stimulate growth and immunity modulation for 
Nile tilapia (Oreochromusniloticus) challenged with pathogenic bacteria 
(Pseudomonas fluorscence). Abbassa International Journal for Aquaculture 
[Internet]. 2010;3(1):53–83. Available from: 
https://abbassajournal.com/magazine/wp-content/uploads/2017/07/THE-USE-
OF-SPIRULINA-PLATENSIS-MICROALGAE-AS-FOOD-ADDITIVES-TO-
STIMULATE-GROWTH-AND-IMMUNITYMODULATION-FOR-NILE-
TILAPIA.pdf 

73. Promya J, Chitmanat C. The effects of Spirulina platensis and Cladophora algae 
on the growth performance, meat quality and immunity stimulating capacity of 
the African sharptooth catfish (Clariasgariepinus). Int J Agric Biol [Internet]. 
2011;13:77–82. Available from: https://www.researchgate.net/profile/Chitmanat-
Chanagun/publication/279600728_The_effects_of_Spirulina_platensis_and_Cla
dophora_Algae_on_the_Growth_Performance_Meat_Quality_and_Immunity_Sti
mulating_Capacity_of_the_African_Sharptooth_Catfish_Clarias_gariepinus/links
/641db79392cfd54f8428906c/The-effects-of-Spirulina-platensis-and-
Cladophora-Algae-on-the-Growth-Performance-Meat-Quality-and-Immunity-
Stimulating-Capacity-of-the-African-Sharptooth-Catfish-Clarias-
gariepinus.pdf?_sg 

74. Khalil SR, Reda RM, Awad A. Efficacy of Spirulina platensis diet supplements 
on disease resistance and immune-related gene expression in Cyprinuscarpio 
L. exposed to herbicide atrazine. Fish Shellfish Immunol. 2017;67:119–28.  

75. Yu W, Wen G, Lin H, Yang Y, Huang X, Zhou C, et al. Effects of dietary 
Spirulina platensis on growth performance, hematological and serum 
biochemical parameters, hepatic antioxidant status, immune responses and 
disease resistance of Coral trout Plectropomusleopardus (Lacepede, 1802). 
Fish Shellfish Immunol. 2018;74:649–55.  

76. Hegazi SM, Fadl SE, Gad DM, Abeerd EKM. Effect of Spirulina incorporated in 
diets of tilapia nilotica fresh water fish exposed to lead toxicity. J Vet Sci 
[Internet]. 2014;1:633–49. Available from: 
https://www.researchgate.net/profile/El-Keredy-
Abeer/publication/350008720_Effect_of_spirulina_incorporated_in_diets_of_Tila
pia_nilotica_fresh_water_fish_exposed_to_lead_toxicity/links/604b5def299bf1f5
d84171ad/Effect-of-spirulina-incorporated-in-diets-of-Tilapia-nilotica-fresh-water-
fish-exposed-to-lead-toxicity.pdf 

77. Sayed AEDH, Fawzy MA. Effect of dietary supplementation of Spirulina 
platensis on the growth and haematology of the catfish Clariasgariepinus. J Adv 
Biol [Internet]. 2014;5(2):625–35. Available from: 
https://d1wqtxts1xzle7.cloudfront.net/35169553/Sayed_and_Fawzy_2014a-
libre.pdf?1413550140=&response-content-disposition=inline 

78. Zhang C. The effects of polysaccharide and phycocyanin from Spirulina 
platensis variety on peripheral blood and hematopoietic system of bone marrow 



 

 

in mice. In: Second Asia-Pacific Conference on Alga Biotechnology. 1994. p. 
25–7.  

79. Abdulrahman NM, Hama Ameen HJ, Hama SR, Hassan BR, Nader PJ. Effect of 
microalgae Spirulina spp. as food additive on some biological and blood 
parameters of common carp Cyprinuscarpio L. Iraqi Journal of Veterinary 
Sciences [Internet]. 2019;33(1):27–31. Available from: 
https://www.iasj.net/iasj/download/15342ccc1690df08 

80. Schäperclaus W, Kulow H, Schreckenbach K. Fish Disease–AA Balkema. the 
Netherlands: Rotterdam; 1992.  

81. Youssef IM, Saleh ES, Tawfeek SS, Abdel-Fadeel AA, Abdel-Razik ARH, 
Abdel-Daim AS. Effect of Spirulinaplatensis on growth, hematological, 
biochemical, and immunological parameters of Nile tilapia 
(Oreochromisniloticus). Trop Anim Health Prod. 2023;55(4):275.  

82. Abdel-Daim MM, Dawood MA, Elbadawy M, Aleya L, Alkahtani S. Spirulina 
platensis reduced oxidative damage induced by chlorpyrifos toxicity in Nile 
tilapia (Oreochromisniloticus). Animals. 2020;10(3):473.  

83. Akbary P, Molazaei E, Aminikhoei Z. Effect of dietary supplementation of Ulva 
rigida C. Agardh extract on several of physiological parameters of grey mullet, 
Mugilcephalus (Linnaeus). Sustainable Aquaculture and Health Management 
Journal. 2018;4(1):59–68.  

84. Yeganeh S, Adel M. Effects of dietary algae (Sargassumilicifolium) as 
immunomodulator and growth promoter of juvenile great sturgeon (Husohuso 
Linnaeus, 1758). J ApplPhycol. 2019;31(3):2093–102.  

85. Baker ME. Beyond carrier proteins: albumin, steroid hormones and the origin of 
vertebrates. J Endocrinol [Internet]. 2002;175:121–7. Available from: 
https://www.researchgate.net/profile/Michael-Baker-
11/publication/11079965_Albumin_steroid_hormones_and_the_origin_of_verteb
rates/links/00b4951d6f94ea8476000000/Albumin-steroid-hormones-and-the-
origin-of-vertebrates.pdf 

86. Al-Deriny SH, Dawood MA, Abou Zaid AA, Wael F, Paray BA, Van Doan H, et 
al. The synergistic efects of Spirulinaplatensis and Bacillus amyloliquefaciens on 
the growth performance, intestinal histomorphology, and immune response of 
Nile tilapia (Oreochromisniloticus). Aquac Rep. 2020;17:390–7.  

87. Xiang Y, Shuning H, Lingke Z, Cheng H. The analysis of the effect of reducing 
triglyceride level in serum of hyperlipidemiademia model rats by feeding 
Spirulina maxima. Journal of Nanjing University (natural Sciences) [Internet]. 
2002;38(2):182–6. Available from: https://europepmc.org/article/cba/383078 

88. Colla LM, Muccillo-Baisch AL, Costa JA V. Spirulina platensis effects on the 
levels of total cholesterol, HDL and triacylglycerols in rabbits fed with a 
hypercholesterolemic diet. Brazilian Archives of Biology and Technology. 
2008;51:405–11.  

89. Mg M. Effects of Ascophyllum and Spirulina meal as feed additives on growth 
performance and feed utilization of red sea bream, Pagrus major. J 
FacApplBiolSci [Internet]. 1994;33:125–32. Available from: 
https://cir.nii.ac.jp/crid/1573105975387643904 

90. Brito R, Chimal ME, Gelabert R, Gaxiola G, Rosas C. Effect of artificial and 
natural diets on energy allocation in Litopenaeussetiferus (Linnaeus, 1767) and 



 

 

Litopenaeusvannamei (Boone, 1931) early postlarvae. Aquaculture. 
2004;237(1–4):517–31.  

91. Anand PS, Kohli MPS, Roy SD, Sundaray JK, Kumar S, Sinha A, et al. Effect of 
dietary supplementation of periphyton on growth performance and digestive 
enzyme activities in Penaeus monodon. AQUACULTURE. 2013;392:59–68.  

92. Cahu CL, Infante JZ, Peres A, Quazuguel P, Le Gall MM. Algal addition in sea 
bass (Dicentrarchuslabrax) larvae rearing: effect on digestive enzymes. 
Aquaculture. 1998;161(1–4):479–89.  

93. Lu J, Takeuchi T. Spawning and egg quality of the tilapia Oreochromisniloticus 
fed solely on raw Spirulina throughout three generations. Aquaculture. 
2004;234(1–4):625–40.  

94. Teimouri M, Yeganeh S, Mianji GR, Najafi M, Mahjoub S. The effect of Spirulina 
platensis meal on antioxidant gene expression, total antioxidant capacity, and 
lipid peroxidation of rainbow trout (Oncorhynchus mykiss). Fish PhysiolBiochem. 
2019;45:977–86.  

95. Misra S, Niyogi S. Selenite causes cytotoxicity in rainbow trout (Oncorhynchus 
mykiss) hepatocytes by inducing oxidative stress. Toxicology in vitro. 
2009;23(7):1249–58.  

96. Abdel-Latif HM, Khalil RH. Evaluation of two phytobiotics, Spirulinaplatensis and 
Origanum vulgare extract on growth, serum antioxidant activities and resistance 
of Nile tilapia (Oreochromisniloticus) to pathogenic Vibrio alginolyticus. Int J Fish 
Aquat Stud. 2014;250:250–5.  

97. Xie S, Chen P, Lv Z, Lan Z, Zou J. Effects of Spirulina platensis on muscle 
nutritive components and growth of Carassius auratus. Journal of Zhongkai 
University of Agriculture and Engineering [Internet]. 2015;28(2):9–21. Available 
from: http://znjx.cbpt.cnki.net 

98. Tayag CM, Lin YC, Li CC, Liou CH, Chen JC. Administration of the hot-water 
extract of Spirulina platensis enhanced the immune response of white shrimp 
Litopenaeusvannamei and its resistance against Vibrio alginolyticus. Fish 
Shellfish Immunol. 2010;28(5–6):764–73.  

99. Lin YC, Tayag CM, Huang CL, Tsui WC, Chen JC. White shrimp 
Litopenaeusvannamei that had received the hot-water extract of Spirulina 
platensis showed earlier recovery in immunity and up-regulation of gene 
expressions after pH stress. Fish Shellfish Immunol. 2010;29(6):1092–8.  

100. Abdelkhalek NK, Ghazy EW, Abdel-Daim MM. Pharmacodynamic interaction of 
Spirulina platensis and deltamethrin in freshwater fish Nile tilapia, 
Oreochromisniloticus: impact on lipid peroxidation and oxidative stress. 
Environmental Science and Pollution Research. 2015;22:3023–31.  

101. Buege JA, Aust SD. [30] Microsomal lipid peroxidation Methods in enzymology. 
In: Academic press. Academic press; 1978. p. 302–10.  

102. Liu B, Xie J, Ge X, Xu P, Wang A, He Y, et al. Effects of anthraquinone extract 
from Rheum officinale Bail on the growth performance and physiological 
responses of Macrobrachiumrosenbergii under high temperature stress. Fish 
Shellfish Immunol. 2010;29(1):49–57.  



 

 

103. Lin YH, Shiau SY. Dietary vitamin E requirement of grouper, 
Epinephelusmalabaricus, at two lipid levels, and their effects on immune 
responses. Aquaculture. 2005;248(1–4):235–44.  

104. Luo P. Effect of Spirulina on the growth performance of. Cyprinuscarpiovarjian, 
J Hydrol. 2006;26(2006):41–2.  

105. Moreira LM, Behling B, Rodrigues RS, Costa JA V, Souza-Soares LA. Spirulina 
as a protein source in the nutritional recovery of wistar Rats. Brazilian Archives 
of Biology Technology. 2013;56(3):447–56.  

106. Karakatsouli N. An overview of the use of fatty acids in the fish farming research 
during the last decade, with particular emphasis on fish quality. Journal of World 
Aquaculture Society. 2012;43:291–320.  

107. Bhavan PS, Devi VG, Shanti R, Radhakrishnan S, Poongodi R. Basic 
biochemical constituents and profiles of amino acids in the post larvae of 
Macrobrachiumrosenbergii fed with Spirulina and yeast enriched Artemia. J Sci 
Res [Internet]. 2010;2(3):539–49. Available from: http://dx.doi 

108. Prakoso VA, Pouil S, Cahyanti W, Sundari S, Arifin OZ, Subagja J, et al. 
Fluctuating temperature regime impairs growth in giant gourami 
(Osphronemusgoramy) larvae. Aquaculture. 2021;539:606–736.  

109. Syandri H, Mardiah A, Aryani N. Effect of stocking density on the performance 
of juvenile gurami sago (Osphronemusgoramy) in the synthetic sheet pond. Pak 
J Zool [Internet]. 2020;52(2):717. Available from: 
https://www.proquest.com/openview/82b67628eb7695544259a655627e3825/1?
pq-origsite=gscholar&cbl=616534 

110. Boyd CE, Tucker CS, Somridhivej B. Alkalinity and hardness: critical but elusive 
concepts in aquaculture. J World Aquac Soc. 2016;47(1):6–41.  


