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Abstract. Cobia (Rachycentron canadum) have fast growth and adapt quickly to the environment. Giving 
curcuma (Curcuma xanthorrhiza) extract in feed represents an effort to increase feed efficiency, 
subsequently increasing nutrient metabolism. This study aims to determine cobia's growth performance 
and nutritional quality and the best ratio of curcuma extract in its feed. This study was an experimental 
study with four treatments: A - 0 mL kg-1 feed, B - 5 mL kg-1 feed), C - 10 mL kg-1 feed, and D - 15 mL 
kg-1 feed. The cobia used in this study was in stage D-40 (larvae), with an average weight of 4±0.12 g 
and an average length of 10±0.5 cm. Fish were maintained in nets measuring 40x40x50 cm in a pond of 
1x4x0.5 m. The maintenance period was 40 days with 20 fish per net stocking density. The feeding 
frequency was four times per day using the at-satiation method. The results showed that curcuma 
extract significantly affected growth. The values of total feed consumption (TFC), biomass, absolute 
length, specific growth rate (SGR), protein efficiency ratio (PER), feed utilization efficiency (FUE), and 
feed conversion ratio (FCR) were highest in treatment D, with sequential values of 823.33 g, 36.38 g, 
9.98 cm, 2.46% ind/day, 1.84%, 88.46%, 1.13, while the survival rate (SR) value of each treatment was 

100%. Treatment D had the highest protein and fat concentration of cobia, with 62.15% and 8.04%, 
respectively. The essential amino acid with the highest concentration was methionine (11.95%), and the 
most elevated essential fatty acid was EPA (7.95%). The water quality during the research period was in 
good conditions for the growth of cobia. 
Key Words: C. xantorrhiza, feed, nutrition, production.  

 

 

Introduction. Cobia (Rachycentron canadum) has fast growth, can adapt to changes in 

environmental conditions, has high-quality meat, and can grow to a size of 3-4 kg in one 

year and 8-10 kg in two years (Gopakumar et al 2012). Cobia meat contains omega-3 

fatty acids such as EPA and DHA (Setianingsih et al 2019). In addition, cobia meat is 

white and has good organoleptic properties, making it suitable for use in the sashimi 

industry (Nguyen et al 2019). Curcuma (Curcuma xanthorrhiza) is a natural ingredient 

that contains curcumin and essential oils. Fish farming activities and feed affect growth 

performance (Herawati et al 2019), so the quality and quantity of the aquafeed need to 

be considered. The addition of supplements is one of the efforts to increase feed 

efficiency, while the benefits of adding supplements to feed are increased fish endurance, 

help of the digestive system, increased feed efficiency, and increased fish appetite. From 

10 g of turmeric powder, the total curcumin can reach 30.87 mg g-1 (Amelinda et al 

2018). Curcumin and essential oils increase fish appetite, improve the work of digestive 

organs, stimulate the bile wall to secrete fluids, and stimulate the release of pancreatic 

juice, which contains digestive enzymes such as amylase, lipase, and protease in tilapia 

(Oreochromis niloticus) (Ardiansyah & Achmad 2020). Curcumin content in curcuma 

ranges between 0.95 and 2 g per 100 g dry weight (Susilowati et al 2014; Anggoro et al 

2015; Sukaryo 2016). 

Several studies have been carried out by adding curcuma to aquafeeds. Prabowo 

et al (2017) stated that the best dose was 12 g kg-1 of feed and produced an average 

weight of milkfish (Chanos chanos) fry of 1.97 g. Adding 15 mL kg-1 of curcuma extract 

to the feed resulted in the best growth Lates calcalifer (Pinandoyo et al 2019). This study 



AACL Bioflux, 2023, Volume 16, Issue 4. 

http://www.bioflux.com.ro/aacl 2026 

aimed to determine the growth performance, body composition, and nutritional quality of 

cobia after adding curcuma extract to its feed. 

 

Material and Method 
 

Experimental design. The experiment proposed four treatments with three replications: 

treatment A with no addition of the curcumin extract (0 mL kg-1 feed); treatment B with 

5 mL of extract per kg of feed (0.77 mg curcumin); treatment C with 10 mL per kg of 

feed (1.55 mg curcumin) and treatment D with 15 mL per kg of feed (2.33 mg 

curcumin). 
 

Curcuma extract preparation. Fresh curcuma was washed and thinly sliced, and dried 

in the sun. After drying, it was mashed using a blender and sifted to obtain curcuma 

powder (Anggoro et al 2015). 500 g of curcuma powder were macerated using 70% 

ethanol at room temperature for 3x24 h and filtered using filter paper. Cendrianti et al 

(2014) stated that maceration extraction can be carried out using 70% ethanol solvent 

for 3x24 h. The filtrate obtained was collected in a bottle using a funnel, then the filtrate 

was separated from the solvent using a rotatory vacuum evaporator at a temperature of 

40oC, at a speed of 100 rpm, and a pressure of 0.7 bar to obtain a pure extract 

(Amelinda et al 2018). The curcuma extract was mixed with Aquadest according to the 

treatment and sprayed on the test feed until evenly distributed and aerated. 

 

Maintenance of fish. The containers used for maintenance used 12 nets of 40x40x50 

cm. The containers were sterilized and filled with water (70% of the volume). The 

cultivation container used an aquaculture recirculation system (RAS). Before starting the 

rearing, the test fish were acclimatized for three days to adapt to the new environment or 

rearing media. During acclimatization, cobia was fed. The length of maintenance was 40 

days, with the frequency of feeding four times a day with the at-satiation method. Cobia 

juveniles stage D-40 (with a size of 4±0.12 g and a length of approximately 10 cm) 

originating from the Lampung Marine Aquaculture Center (BBPBL) Hatchery were used. 

The stocking density of the tested fish was 20 fish per net. The total number of fish used 

in the study was 240 fish. 

 

Observed parameters. Once every week, sampling was conducted to observe the 

growth performance parameters, which consist of total feed consumption (TFC), biomass 

growth, body length growth, specific growth rate (SGR), feed utilization efficiency (FUE), 

protein efficiency ratio (PER), feed conversion ratio (FCR), and survival rate (SR). 

 

Total feed consumption (TFC). TFC represents the total quantity of feed consumed by 

the fish. According to Zonneveld et al (1991), the total feed consumption can be 

calculated using the formula: 
 

F=C-S 

 

Where: F - feed consumption (g); C - administered feed (g); S - remaining feed (g). 

 

Biomass growth. The growth of fish biomass is the difference between fish biomass at 

the end of rearing and fish biomass at the beginning of rearing, expressed in grams. 

According to Zonneveld et al (1991), the growth of biomass can be calculated using the 

formula: 

 

W=Wt-Wo 

 

Where: W - growth of biomass (g); Wt - fish biomass at the end of rearing (g); Wo - fish 

biomass at the start of rearing (g). 
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Body length growth. Body length growth is the growth of a fish's body length from the 

beginning to the end of maintenance. The following formula was used to calculate growth 

in body length (Zonneveld et al 1991). 

 

L=Lt-Lo 

 

Where: L - growth of body length (cm); Lt – total length of fish at the end of rearing 

(cm); Lo – total length of fish at the beginning of rearing (cm). 

 

Specific growth rate (SGR). SGR is the daily growth expressed in % per day. 

According to Zonneveld et al (1991), the SGR can be calculated using the formula: 

 

SGR=[(LnWt-LnWo)/t]x100 

 

Where: SGR - specific growth rate (% day); Wo - fish biomass at the beginning of the 

study (g); Wt - fish biomass at the end of the study (g); t - time of the study (days).  

 

Feed conversion ratio (FCR). The formula of Zonneveld et al (1991) for FCR is: 

 

FCR=F/[(Wt+D)-Wo] 

 

Where: F - amount of feed given (g); Wt - weight of fish at the end of maintenance (g); 

Wo - weight of fish at the beginning of maintenance (g); D - weight of dead fish during 

maintenance (g). 

 

The efficiency of feed utilization (FUE). FUE was calculated using the formula of 

Zonneveld et al (1991): 

 

FUE=[(Wt-Wo)/F]x100 

 

Where: Wt - final biomass at the end of the study (g); Wo - baseline biomass at the start 

of the study (g); F - the amount of feed consumed during the study. 

 

Protein efficiency ratio (PER). The following Zonneveld et al (1991) formula was used 

to calculate PER: 

 

PER=[(Wt-Wo)/Pi]x100 

 

Where: Wt - weight of fish at the end of maintenance (g); Wo - weight of fish at the 

beginning of maintenance (g); Pi - protein content x amount of feed consumed. 

 

Survival rate (SR). The SR of cobia was calculated using the following formula 

(Zonneveld et al 1991): 

 

SR=Nt/N0x100 

 

Where: SR - survival rate of cobia (%); Nt - the number of cobia at the end of the study; 

N0 - the number of cobia at the beginning of the study. 

 

Water quality parameters. Water quality parameters were measured at the beginning 

and end of the study. The water quality parameters measured were salinity, dissolved 

oxygen (DO), temperature, and pH. Salinity was measured using a refractometer. DO 

and temperature were measured using WQC. The pH was determined in the laboratory, 

with a pH test. The water quality during the study is presented in Table 1. 
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Table 1 

Water quality during the study 
 

Parameter Value Tolerable value 

Dissolved oxygen (mg L-1) 4.66-5.39 4* 

Temperature (oC) 28.7-29.1 23.4-31.8** 

Salinity (ppt) 32 30-34*** 

pH 7.69-7.76 7-8.5**** 
Note: * - Fisheries Laboratory and Environmental Health Examination Center for Aquaculture (BBPBL) 
Lampung; ** - Benetti et al (2008); *** - Chou et al (2004); **** - Nguyen et al (2019). 
 

Proximate analysis. Proximate analysis (AOAC 2005) was used to determine the 

content in protein, fat, ash, carbohydrates, and water of cobia (100 g dried cobia). The 

protein analysis was determined using the Kjeldahl method, while the fat content was 

determined using the Soxhlet method. Analysis of water and ash content was carried out 

using gravimetric principles. The breakdown of carbohydrates was calculated manually 

based on the proximate analysis results. 

 

Amino acid analysis. Amino acids were analyzed for feed and cobia using an HPLC type 

1100 apparatus with Eurosphere 100-5 C18, 250×4.6 mm column with initial P/N: 

1115Y535. The wastes were: A) 0.01 M acetate buffer at pH 5.9; B) 0.01 M MeOH 

acetate buffer at pH 5.9; THF>80:15:5 Fluorescence: Extra: 340 mm Em: 450 nm. 

Samples (2.5 g) were placed in a closed glass, and 15 mL of 6 M HCl were added. 

Furthermore, the mixture was vortexed for homogeneity and hydrolyzed in an autoclave 

at 110ºC for 12 h before being cooled to room temperature and neutralized with 6 M 

NaOH. After adding 2.5 mL of 40% lead acetate and 1 mL of 15% oxalic acid, 3 mL of the 

mixture were filtered off with a 0.45 m Millex-HV filter (Merck KGaA, Darmstadt, 

Germany). 25 µL of the filtered mixture plus 475 mL of the OPA anhydrase solution were 

stirred and incubated for 3 min for injection into the HPLC system. Finally, 30 mL of the 

final mixture were placed into the HPLC system (AOAC 2005). 

 

Fatty acid analysis. The fatty acid profile of fish and feed were analyzed using the QP-

2010 Gas Chromatograph - Mass Spectrophotometer (GCMS) (Shimadzu) and Mass 

Spectrophotometer, which has a column length of 50 m, with a diameter of 0.22 mm 

Wall Coat Open Tubular CP-SIL-88 (Agilent, Santa Clara, CA, USA). The analyses were 

carried out over a column temperature range of 120-200°C. The method used was in-situ 

trans-certification. 100 mg of the sample was homogenized using 4 mL of water. The 100 

mL homogenate obtained was transferred into a test tube. 100 µL of methylene chloride 

were added, along with 1 mL of 0.5 M NaOH in methanol. After adding N and the tubes 

were tightly closed, they were heated to 90oC for 10 min. The test tube was cooled, and 

1 mL of 14% BF3 in methanol was added. After adding N, it was heated at the same 

temperature for 10 min. After that, the test tube was cooled to ambient temperature, 

and 1 mL of water and 200-500 mL of hexane were added. The mixture was stirred for 1 

min to extract the methyl ester from the fatty acids. After centrifugation, the top layer of 

the sample was ready for GC analysis (AOAC 2005). 

 

Statistical analysis. SGR, absolute length growth, biomass, SR, proximate composition, 

amino acid profile, and fatty acid profile were statistically analyzed using the normality, 

homogeneity, and additivity tests before being tested by Analysis of Variance (ANOVA). 

Water quality parameters were analyzed descriptively and compared with references. If 

ANOVA showed differences, Duncan's multiple range test (p<0.05) was used to 

determine the exact pairs of datasets with significant differences. 

 

Results. The proximate analysis of feed with the addition of curcumin extract (dry 

weight) for cobia is presented in Table 2. The highest nutritional content was found in 

treatment D, while the lowest nutrient content was found in treatment A. 
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Table 2 

The proximate composition of feed with the addition of curcumin extract 
 

Treatments 
(mL kg-1 feed) 

Dry weight content (%) 

Protein Carbohydrate Crude fat Ash Crude fiber 

A (0) 44.97±0.01 24.35±0.02 12.99±0.02 10.58±0.06 5.11±0.02 
B (5) 46.64±0.02 22.63±0.05 13.39±0.02 10.19±0.01 6.15±0.05 
C (10) 46.95±0.09 22.18±0.04 13.57±0.02 10.22±0.02 6.08±0.03 

D (15) 47.55±0.03 21.51±0.03 14.23±0.03 9.18±0.03 6.53±0.08 

 

Amino acid profile of the feed. The amino acid profile of the feed with the addition of 

curcumin extract for cobia is presented in Table 3. Lysine had the highest concentration 

(10.23%) of essential amino acids, while glutamic acid had the highest concentration 

(7.87%) among non-essential amino acids, both in treatment D. 

 

Table 3 

Amino acid profile of feed with the addition of curcumin extract 

 

Amino acid (%) 
Treatment (mL kg-1 feed) 

A (0) B (5) C (10) D (15) 

Aspartic acid 6.89±0.05b 5.94±0.07a 5.82±0.09a 5.44±0.01a 
Proline 3.55±0.09a 4.08±0.07b 3.44±0.04a 4.7±0.09c 
Serine 7.56±0.02d 4.76±0.03a 6.63±0.08c 5.62±0.03b 

Glutamic acid 7.66±0.02c 6.36±0.02a 7.35±0.02b 7.87±0.07b 
Glycine 6.93±0.06d 3.33±0.01b 2.78±0.07a 4.19±0.01c 
Histidine 5.78±0.02b 8.25±0.01c 5.50±0.05a 5.7±0.09b 
Arginine 4.05±0.01a 5.85±0.05c 4.89±0.08b 7.28±0.08d 

Threonine 3.02±0.09a 3.47±0.06b 4.16±0.03c 6.37±0.06d 
Alanine 5.22±0.03c 4.51±0.08b 3.98±0.01a 5.51±0.04d 
Valine 3.24±0.09a 3.72±0.05b 4.13±0.07c 4.87±0.03d 

Methionine 3.11±0.02a 3.89±0.09b 4.4±0.05c 8.4±0.07d 
Lysine 3.57±0.07a 4.59±0.03b 6.99±0.02c 10.23±0.01d 

Isoleucine 3.99±0.01a 5.87±0.02c 4.5±0.07b 7.27±0.04d 
Leucine 4.44±0.05a 4.97±0.02b 5.46±0.09c 5.57±0.05d 

Phenylalanine 4.99±0.07a 5.41±0.07b 4.97±0.05a 5.98±0.1c 
Tryptophan 7.23±0.06c 6.93±0.01b 7.78±0.07d 4.19±0.01a 

Note: Different superscripts indicate significant differences between treatments (p<0.05). 

 

Fatty acid profile of the feed. The fatty acid profile of feed with the addition of 

curcumin extract is presented in Table 4. EPA had the highest concentration (13.13%) of 

essential fatty acids, while palmitic acid had the highest concentration (8.59%) of non-

essential fatty acids, both found in treatment D. 

 

Table 4 

Fatty acid profile of feed with the addition of curcumin extract 

Note: Different superscripts indicate significant differences between treatments (p<0.05). 
 

Total feed consumption (TFC). The TFC of cobia during the study is presented in 

Figure 1. The highest TFC of cobia was observed in treatment D, 823.33±0.8 g, and the 

lowest in control, of 680±0.2 g. 

Fatty acid profile (%) 
Treatment (mL kg-1 feed) 

A (0) B (5) C (10) D (15) 

C14:0 (Myristic) 9.52±0.09b 10.49±0.06c 5.41±0.02a 5.48±0.09a 
C15:0 (Pentadecanoic) 6.76±0.08b 7.18±0.03c 6.17±0.04a 6.15±0.08a 

C16:0 (Palmitic) 5.14±0.07a 6.29±0.09b 7.97±0.08c 8.59±0.04d 
C18:0 (Stearic) 5.71±0.05c 6.65±0.01d 5.52±0.03b 4.91±0.09a 

C18:1 n-9 (Oleic/ω9) 8.07±0.03c 4.95±0.03a 4.89±0.08a 6.61±0.01b 
C18:2 n-6 (Linoleic/ω6) 4.83±0.09a 5.46±0.07b 6.49±0.07c 8.07±0.02d 
C18:3 n-3 (Linolenic/ω3) 3.54±0.02a 4.76±0.08b 4.89±0.03c 7.32±0.01d 

C20:0 (Arachidic) 7.3±0.04d 2.83±0.02a 6.02±0.04c 3.05±0.03b 
C20:4 n-6 (Arachidonic) 2.71±0.03a 4.15±0.03b 6.15±0.09c 8.23±0.07d 

C20:5 n-3 (EPA) 6.19±0.08a 9.64±0.07b 10.88±0.02c 13.13±0.08 d 
C22:6 n-3 (DHA) 2.23±0.05a 3.08±0.04b 5.07±0.01c 6.17±0.03d 
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Figure 1. Total feed consumption (TFC) of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 

 

Biomass growth. Figure 2 presents the growth of cobia during the study. The highest 

biomass growth of cobia was in feeding treatment D, namely 36.38±0.89 g and the 

lowest biomass growth was in the feeding treatment A, 25.57±0.81 g. 

 

 
 

Figure 2. Biomass of cobia (Rachycentron canadum); different superscripts indicate 

significant differences (p<0.05). 

 

Absolute length growth. Figure 3 presents the absolute length growth of cobia during 

the study. The highest absolute length growth of cobia was in treatment D (9.98±0.38 

cm), and the lowest was in the control treatment (7.7±0.5 cm). 

 

 
 

Figure 3. The absolute length growth rate of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 
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Specific growth rate (SGR). Figure 4 presents the SGR of cobia during the study. The 

SGR of cobia was highest in treatment D (2.46±0.17% day-1), and the lowest in 

treatment B (1.97±0.20% day-1).  

 

 
 

Figure 4. The specific growth rate (SGR) of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 

 

Feed conversion ratio (SGR). The FCR of cobia during the study is presented in Figure 

5. The best FCR of cobia was in treatment D (1.13±0.05), and the highest FCR value was 

in treatment A (1.35±0.09).  

 

 
 

Figure 5. The feed conversion ratio (FCR) of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 

 

Feed Utilization Efficiency (FUE). The FUE of cobia during the study is presented in 

Figure 6. The highest FUE of cobia was in treatment D (88.46±4.32%) and the lowest in 

treatment A (74.61 ± 5.23%). 

 

 
 

Figure 6. The feed utilization efficiency of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 
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Protein Efficiency Ratio (PER). The PER of cobia during the study is presented in 

Figure 7. The highest PER of cobia was in treatment D (1.84±0.07) and the lowest in the 

control (1.55±0.11%).  

 

 
 

Figure 7. The protein efficiency ratio (PER) of cobia (Rachycentron canadum); different 

superscripts indicate significant differences (p<0.05). 

 

Survival rate (SR). The SR of cobia during the study is presented in Figure 8. Cobia did 

not die during rearing. The SR was the same in each treatment (100%). 

 

 
 

Figure 8. The survival rate of cobia (Rachycentron canadum); different superscripts 

indicate significant differences (p<0.05). 

 

Body chemical composition. The proximate analysis results for cobia fed with the 

addition of curcumin extract are presented in Table 5. 

 

Table 5 

The proximate analysis results for cobia (Rachycentron canadum) fed with the addition of 

curcumin extract 

 

Treatments 
(mL 

curcumin 

kg-1 feed) 

Wet weight (%) 

Protein (%) Moisture (%) Crude fat (%) Ash (%) 
Carbohydrate 

(%) 

A (0) 48.16±0.01a 16.37±0.02 18.59±0.02a 8.83±0.06 8.05±0.02 
B (5) 50.65±0.02b 13.61±0.05 19.84±0.02b 7.18±0.01 8.72±0.05 
C (10) 51.12±0.09b 12.57±0.04 19.82±0.02b 8.83±0.02 7.66±0.03 
D (15) 54.04±0.03c 12.57±0.03 20.04±0.03b 6.99±0.03 6.36±0.08 

Note: different superscripts indicate significant differences (p<0.05). 
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The highest nutritional content was found in fish from treatment D, with 54.04% protein 

and 20.04% fat. The lowest nutrient content was found in fish from treatment A (protein 

content of 48.16% and fat content of 18.59%). The amino acid profile of cobia fed with 

curcumin extract is presented in Table 6. 

 

Table 6 

The amino acid profile of cobia (Rachycentron canadum) fed with curcumin extract 

 

Amino acid (%) 
Treatment (mL kg-1 feed) 

A (0) B (5) C (10) D (15) 

Aspartic acid 5.63±0.05b 6.06±0.06c 6.18±0.09d 5.19±0.09a 

Proline 5.08±0.09c 5.75±0.09d 2.84±0.03a 4.87±0.07b 

Serine 6.06±0.02c 6.1±0.01a 4.46±0.09b 4.75±0.03b 

Glutamic acid 4.36±0.07c 5.35±0.05a 6.16±0.08b 7.81±0.03a 

Glycine 6.23±0.02c 6.26±0.07c 5.98±0.05b 5.3±0.06a 

Histidine 4.65±0.03a 5.8±0.05b 6.79±0.11a 5.9±0.09b 

Arginine 7.85±0.07a 6.28±0.07b 6.27±0.02b 6.36±0.08b 

Threonine 6.47±0.07a 5.89±0.09b 6.67±0.04c 7.28±0.06d 

Alanine 6.51±0.01d 4.95±0.08a 5.17±0.03b 6.2±0.09c 

Valine 4.89±0.03a 6.09±0.04b 6.98±0.08c 6.1±0.03d 

Methionine 4.72±0.06a 4.9±0.03b 7.88±0.03c 11.95±0.05d 

Lysine 6.7±0.06a 7.75±0.04b 8.8±0.03c 8.33±0.03d 

Isoleucine 5.97±0.02c 4.09±0.02a 4.95±0.08b 5.23±0.02c 

Phenylalanine 4.51±0.07a 4.98±0.09b 4.8±0.07b 5.48±0.01c 

Leucine 5.47±0.05d 3.38±0.01a 5.07±0.02c 4.75±0.03b 

Tryptophan 6.23±0.06b 6.93±0.01c 5.78±0.07c 4.19±0.01a 
Note: different superscripts indicate significant differences (p<0.05). 

 

Methionine is the essential amino acid with the highest concentration in fish from 

treatment D (11.95%), while glutamic acid was the non-essential amino acid with the 

highest concentration, also in cobia from treatment D (7.81%).  The fatty acid profile of 

cobia fed with curcumin extract is presented in Table 7. 

 

Table 7 

The fatty acid profile of cobia (Rachyteron canadum) fed with curcumin extract 

 

Fatty acid 
Treatment (mL kg-1 feed) 

A (0) B (5) C (10) D (15) 

C14:0 (Myristic) 6.57±0.04c 4.75±0.05b 3.5±0.02a 4.68±0.09b 

C15:0 (Pentadecanoic) 2.38±0.06b 1.72±0.06 a 2.27±0.04b 2.45±0.08b 

C16:0 (Palmitic) 4.77±0.08a 5.14±0.09 b 4.97±0.08a 6.09±0.04c 

C18:0 (Stearic) 5.75±0.02d 2.71±0.07 a 5.52±0.03c 3.11±0.09b 

C18:1 n-9 (Oleic/ω9) 1.9±0.03a 3.37±0.02b 3.89±0.08b 5.85±0.01c 

C18:2 n-6 (Linoleic/ω6) 2.3±0.07a 4.6±0.09 b 4.49±0.07b 5.37±0.02c 

C18:3 n-3 

(Linolenic/ω3) 
2.3±0.09a 2.54±0.05b 3.39±0.03c 4.32±0.01d 

C20:0 (Arachidic) 2.7±0.02c 2.3±0.08b 2.02±0.04a 4.05±0.03d 

C20:4 n-6 (Arachidonic) 4.19±0.05a 4.07±0.02 a 4.15±0.02a 5.13±0.08 b 

C20:5 n-3 (EPA) 3.08±0.04a 3.83±0.05b 4.07±0.01c 7.95±0.03d 

C22:6 n-3 (DHA) 4.23±0.07a 5.23±0.02b 5.68±0.02c 6.87±0.08 
Note: different superscripts indicate significant differences (p<0.05). 

 

EPA and DHA had the highest concentrations of the essential fatty acids, while palmitic 

acid had the highest concentration of the non-essential fatty acids in cobia, both in 

treatment D. EPA had a concentration of 7.95% and palmitic acid a concentration of 

6.09%. 
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Discussion. Growth can be seen from the weight, length, and SGR obtained in this 

study. The best results were obtained in treatment D, and the lowest in the control. 

Treatment D had a higher curcumin level than the other treatments. This could have 

increased fish appetite, TFC, and growth. Curcumin increases feed digestibility (Anggoro 

et al 2015), and cobia uses feed more efficiently. Curcumin and essential oils found in 

curcuma can increase appetite in fish (Insana & Farhana 2015). Curcumin and essential 

oils also function as growth boosters because they stimulate pancreatic juice, releasing 

amylase, lipase, and protease enzymes. These enzymes can improve the digestion of 

carbohydrates, fats, and proteins (Halija et al 2019). The high TFC is due to the excellent 

quality of the feed. The quality of feed can increase feed efficiency, lowering FCR. Good 

growth is strongly influenced by the amount of feed and the nutritional content provided 

(Purwati et al 2015). Feeds with appropriate nutritional content can accelerate growth 

and improve fish survival. 

Research on the addition of curcuma to fish feed has been carried out by Prabowo 

et al (2017), who added curcuma in milkfish diets (12 g kg-1 feed), which resulted in a 

milkfish weight growth of 1.97 g, and by Ardiansyah & Achmad (2020), where the 

addition of curcuma extract (12 g kg-1 of feed) resulted in the growth of tilapia. Prastito 

et al (2018) obtained a catfish (Clarias gariepinus) SGR of 2.46% day-1 by adding 6 mL 

kg-1 of curcuma extract to the feed. Likewise, a study by Ivandari et al (2019) found that 

adding an immunity supplement with the main content of curcuma (15 mL kg-1 of feed) 

resulted in a SGR of L. calcarifer of 3.31% day-1. However, research on the use of 

curcuma in fish feed is still rarely carried out on marine fish, especially cobia. Thus, this 

study shows that adding curcuma to cobia fish feed can result in better growth. 

The SR of cobia fish during the study did not experience differences, being 100% 

in all treatments. Environmental factors affect the survival of fish. According to Herawati 

et al (2018), fish survival is influenced by age and environmental factors. Fish survival is 

also affected by handling. Curcuma extract could provide a direct immune response to 

cobia against pathogens. Putri et al (2017) states that curcuma contains anti-bacterial 

compounds such as flavonoids, saponins, and tannins. Flavonoids function to inactivate 

bacterial cell membrane proteins, causing the protein structure to be damaged and the 

bacterial cell wall to be unstable. Saponins function to lyse bacterial cell walls. 

Meanwhile, tannins damage bacterial cell walls, inactivate enzymes, and destroy genetic 

material from bacteria. Curcuma contains vitamin C and minerals, which, in addition to 

playing a role in supporting growth, also act as a booster for the immune system of fish 

(Ardiansyah & Achmad 2020). 

The protein content in treatment D feed was 47.55% and fat content was 14.23%, 

above the requirements of cobia fish, 45% and 10%, respectively (Setianingsih et al 

2019). Protein and fat in feed play an essential role in the structure and function of the 

fish body for growth, reproduction, and energy (Tocher 2015). Treatment A had the 

lowest protein and fat content, 42.97% and 12.99%, respectively. Protein in feed must 

be sufficiently available because a protein deficiency may result in slow growth (Nurhuda 

et al 2018). If there is an excess of protein, fish cannot catabolize amino acids properly, 

so feed cannot be appropriately utilized (Monoarfa et al 2020). 

Lovell (1988) stated that the lysine requirement at the fry stage is 6.97%. The 

purpose of lysine in feed is to produce carnitine, which helps growth, guards against 

ammonia poisoning, and makes the organism more resilient to sudden changes in 

temperature (Ovie & Eze 2013). According to Kuang et al (2012), quality protein must 

have a high level of digestibility, and the content of amino acids should be similar to that 

of the cultivated species. Lysine in feed can increase protein synthesis in the body of 

cobia, improving growth and survival (Valverde et al 2013). Lysine is also an important 

part of blood antibodies, which boost the circulatory system and keep cells growing at a 

normal rate (Baeza-Rojano et al 2013). It can also make other amino acids easier to 

digest, like the non-essential amino acid tyrosine, which controls how fish eat and how 

their bodies react to stress (Ovie & Eze 2013). Valverde et al (2013) describe vitamin B1 

as an anti-virus that helps calcium absorption, boosts appetite, and produces carnitine, 

which helps turn fatty acids into energy. It also increases the content of PUFA, because 

lysine can produce carnitine, which is the key to fatty acid metabolism in fish bodies. 
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Methionine may act as a chemoattractant for increasing appetite. Methionine had 

the highest concentration in cobia from treatment D (11.95%). The methionine need of 

fish is 3.2% (Brown et al 2012). The function of methionine for fish, among others, is to 

improve the balance and utilization of other amino acids, increase growth, help protein 

synthesis and physiological functions. Belghit (2014) stated that fish need methionine to 

make nucleic acids, proteins and cells. In addition, methionine cooperates with vitamin 

B12 and folic acid in helping the body regulate excessive protein supply in a high-protein 

diet. Feeds with high methionine content can increase growth and immune responses 

(Yuan et al 2011; Kuang et al 2012; Boonyoung et al 2013; Ma et al 2013; Rolland et al 

2015). Methionine deficiency can cause decreased growth and survival in carp (Cyprinus 

carpio) (Tang et al 2009) and also causes cataracts in L. calcalifer (Takagi et al 2011). 

Glutamic acid is quantitatively a free amino acid more commonly found in blood 

plasma and muscles than other free amino acids. Glutamine is a substrate for several 

amidotransferases involved in synthesizing purines, glucosamine, pyrimidine, and 

asparagine (Valverde et al 2013). Non-essential amino acids are those that can be 

synthesized in the body. Glutamine is an energy source and plays a role in the 

biosynthesis of glucose, amino sugars, and glutathione. Glutamine can improve intestinal 

structure and function. It is essential in shrimp and fish larvae, considering their digestive 

tract is not yet developed. With the addition of glutamine, it is hoped to improve the 

performance of the intestine in digesting feed (Jusadi et al 2015). 

Saturated fatty acids can be metabolized and formed into energy for fish growth. 

This is due to the essential amino acid lysine as a precursor to carnitine, helping 

metabolize fatty acids (Lu et al 2014; Meyer et al 2014). In saturated fatty acids, the 

lauric acid will be converted into lauric monoglycerides, anti-viral, anti-bacterial, and 

anti-protozoal agents.  

EPA can affect the growth rate of cobia. Lovel (1988) noted that EPA contributes 

to the function of cell metabolism. EPA is more active than linoleic and linolenic acids. 

Cobia’s ability to survive in unhospitable environments is strongly influenced by the 

nutritional quality of the feed consumed, especially essential n-3 HUFA, such as EPA and 

DHA (Pangkey 2011; Rudtanatip et al 2019). Arachidonic acid (AA) and EPA are 

substrates needed to form eicosanoids, which play a role in various physiological 

functions, including ion regulation and egg maturity in female parents (Lovell 1988). AA 

is a precursor to eicosanoic fatty acids (prostaglandins, thromboxane, and leukotrienes) 

in fish (Meyer et al 2014) and is one of the main components of phosphatidylinositol. 

Arachidonic acid (20:4n-6; AA) is also very much needed by larvae. 

 

Conclusions. The addition of 15 mL of curcuma extract per kg of feed (2.33 mg 

curcumin) resulted in the highest of TFC, biomass, absolute length, SGR, PER, FUE, and 

FCR of cobia, with sequential values of 823.33 g, 36.38 g, 9.98 cm, 2.46% ind day-1, 

1.84%, 88.46%, 1.13, while the SR value of each treatment was 100%. Treatment D (15 

mL curcuma extract kg-1 feed) had the highest protein and fat content, with 62.15% and 

8.04%, respectively. The essential amino acid with the highest concentration was 

methionine (11.95%), and the most elevated essential fatty acid was EPA (7.95%). 
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