Table 1. Composition (% as is) of diets consisting several inclusion levels of oregano essential oil (OEO, Regavit AquaTM, Ecopharm Hellas, Greece) powder and fed to Pangasius hypophthalmus over 70 days of culture period

	Ingredients (% as is)
	Diet code

	
	Control
	0.2% OEO
	0.4% OEO
	0.6% OEO

	Poultry by-product meal1
	12.50
	12.50
	12.50
	12.50

	Soybean meal1
	34.50
	34.50
	34.50
	34.50

	DDGS1
	10.00
	10.00
	10.00
	10.00

	Menhaden fish oil1
	2.00
	2.00
	2.00
	2.00

	Cassava meal2
	10.00
	10.00
	10.00
	10.00

	Powder of oregano polyphenols3 
	0.00
	0.10
	0.20
	0.40

	Corn starch2
	10.90
	10.80
	10.70
	10.90

	Wheat products4
	15.00
	15.00
	15.00
	15.00

	Mineral premix5
	2.50
	2.50
	2.50
	2.50

	Vitamin premix6
	2.50
	2.50
	2.50
	2.50

	Rovimix Stay C-35%2
	0.10
	0.10
	0.10
	0.10

	Proximate analysis
	
	
	
	

	Ash Content (%)
	9.55
	9.40
	9.32
	9.31

	Total Fat (%)
	5.35
	5.33
	5.33
	5.34

	Moisture Content (%)
	9.12
	9.08
	9.14
	9.11

	Protein Content (%)
	30.02
	30.04
	30.12
	30.14




1 PT FKS Multi Agro, Tbk. Jakarta, Indonesia 
2 PT Rajawali Mitra Pakanindo, Banten, Indonesia
3 Regavit aquaTM, RA, Ecopharm Hellas, Greece
4 PT Pundi Kencana, Cilegon, Banten, Indonesia
5 Contained (as g/kg premix): cobalt chloride, 0.04; cupric sulfate pentahydrate, 2.50; ferrous sulfate, 40.00; magnesium sulfate anhydrous, 138.62; manganous sulfate monohydrate, 6.50; potassium iodide, 0.67; sodium selenite, 0.10; zinc sulfate heptahydrate, 131.93; and cellulose, 679.64. 
6 Contained (as g/kg premix): thiamin-HCl, 0.438; riboflavin, 0.632; pyridoxine-HCl, 0.908; D-pantothenic acid, hemicalcium salt, 1.724; nicotinic acid, 4.583; biotin, 0.211; folic acid, 0.549; vitamin B12, 0.001; inositol, 21.053; menadione sodium bisulfite, 0.889; vitamin A acetate (500,000 IU/g), 0.677; vitamin D3 (1,000,000 IU/g), 0.116; DLalpha-tocopheryl acetate (250 IU/g), 12.632; and alpha-cellulose, 955.589.





Table 2. Water quality analysis for physical and chemical parameters for both growth trials

	No
	Parameters
	Unit
	Growth trial 1
	Growth trial 2

	
	
	
	AM
	PM
	AM
	PM

	Physical parameters
	
	

	1
	pH
	
	7.58 ± 0.44
	7.95 ± 0.77
	7.63 ± 0.22
	7.74 ± 0.54

	2
	Dissolved oxygen
	mg L-1
	4.18 ± 1.18
	6.04 ± 1.09
	5.12 ± 0.29
	6.01 ± 0.72

	3
	Temperature
	°C
	27.18 ± 2.14
	29.22 ± 0.68
	29.12 ± 0.42
	29.89 ± 0.33

	Biological parameters
	
	

	1
	Nitrite-nitrogen (NO2-N)
	mgL-1
	0.085 ± 0.012
	0.036 ± 0.008

	2
	Nitrate-nitrogen (NO3-N)
	mgL-1
	8.274 ± 1.833
	6.188 ± 0.112

	3
	Ammonia (NH3)
	mgL-1
	0.024 ± 0.019
	0.018 ± 0.007












Table 3. Growth performance of Pangasius hypophthalmus (~ 2.5 ± 0.3 g as the initial mean weight) fed experimental diets for 122 d fed with top-dressing diets with several levels of OEO (Ecopharm Hellas, Greece) in liquid form. Values represent the mean of four replicates. Results in the same columns with different superscript letter are significantly different (P<0.05) based on analysis of variance followed by Tukey’s multiple comparison test.

	Treatment
	FBW1 (g)
	FCR2
	TGC3
	PWG (%)4
	SR (%)5

	Control
	242.45b
	1.43a
	0.3827b
	11176.74b
	81.92

	0.1% OEO7
	311.29a
	1.29ab
	0.4250a
	14378.49a
	81.85

	0.2% OEO
	340.28a
	1.11b
	0.4408a
	15726.86a
	83.54

	0.4% OEO
	332.62a
	1.19b
	0.4366a
	15370.58a
	83.75

	P-value
	<0.0001
	0.0020
	<0.0001
	<0.0001
	0.7844

	PSE6
	9.1453
	0.05255
	0.0055
	425.3622
	1.9658



Note: 1FBW = Final body weight; 2FCR = Feed conversion ratio; 3TGC = Thermal growth coefficient; 4PWG= Percentage weight gain; 5SR = survival rate; 6PSE = Pooled standard error, and 7OEO = Oregano Essential Oils.








Table 4. Growth performance of Pangasius hypophthalmus (Mean initial weight ~ 7 g) fed with several inclusion levels OEO (Ecopharm Hellas, Greece) in dry form for 70 d. Values represent the mean of four replicates. Results in the same columns with different superscript letter are significantly different (P<0.05) based on analysis of variance followed by Tukey’s multiple comparison test.

	Treatment
	Biomass
	FBW1 (g)
	PWG (%)2
	FCR3
	SR (%)4

	Control
	1479.33a
	116.87a
	1569.52a
	1.66b
	84.44a

	0.1% OEO7
	2320.00ab
	161.83ab
	2211.90ab
	1.32a
	95.56b

	0.2% OEO
	2636.67b
	183.87b
	2526.67a
	1.29a
	95.56b

	0.4% OEO
	2397.33ab
	179.73ab
	2467.62ab
	1.34a
	88.89ab

	P-value
	<0.0001
	<0.0001
	<0.0001
	<0.0001
	0.0192

	PSE5
	67.7777
	2.0259
	28.9426
	0.0112
	2.2224



Note: 1FBW = Final body weight; 2PWG= Percentage weight gain; 3FCR = Feed conversion ratio; 4SR = survival rate; and 5PSE = Pooled standard error.













Table 4. Proximate composition and energy of whole body of pangasius fed experimental diets for 122 d using top-dressing method and 70 d using formulated experimental diet. The value represented duplicate analysis per treatment. 

	No
	Parameter
	Unit
	Top dressing method
	Formulated experimental diet

	
	
	
	Control
	0.1% OEO
	0.2% OEO
	0.4% OEO
	Control
	0.1% OEO
	0.2% OEO
	0.4% OEO

	1
	Protein content
	%
	17.48
	17.79
	17.88
	17.65
	15.55
	15.49
	15.85
	15.82

	2
	Ash content
	%
	1.22
	1.18
	1.09
	1.16
	1.12
	1.03
	1.08
	1.05

	3
	Moisture content
	%
	78.92
	78.84
	78.85
	78.62
	80.23
	80.12
	80.11
	79.67

	4
	Total calories
	Kcal/100 g
	79.14
	79.47
	79.89
	79.42
	71.14
	72.12
	72.19
	72.18

	5
	Total fat
	%
	0.63
	0.78
	0.79
	0.72
	0.52
	0.54
	0.55
	0.56

	6
	Crude fiber
	% 
	0.14
	0.13
	0.14
	0.14
	0.18
	0.17
	0.17
	0.19










[bookmark: _Hlk174217096]Figure 1. Number of bacteria (107 cells mL-1) after 122 d of the feeding period with top-dressing diets with several levels of OEO (Ecopharm Hellas, Greece). Values represent the mean of four replicates (P= 0.0233)
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Figure 2. Number of bacteria (107 cells mL-1) after 70 d of the feeding period with formulated feed contained with several inclusion levels of OEO (Ecopharm Hellas, Greece). Values represent the mean of four replicates (P<0.0001).
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Figure 3. Cumulative survival of fish Pangasius hypophthalmus after challenged by Aeromonas hydrophila at final dose of 109 cfu mL-1 and observed for 14 d post-challenged (P<0.05).
b
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Table 1 .  Composition (%  as is ) of diets  consisting  several inclusion levels of   oregano  essential  oil   ( OEO , Regavit Aqua TM ,  Ecopharm Hellas , Greece )   powder  and fed to  Pangasius  hypophthalmus   over  7 0 days of culture period    

Ingredients (%  as is )  Diet  code  

Control  0. 2%  O EO  0. 4%  O EO  0.6 %  O EO  

Poultry by - product meal 1  1 2.5 0  1 2.5 0  1 2.5 0  1 2.5 0  

Soybean meal 1  34.5 0  34.5 0  34.5 0  34.5 0  

DDGS 1  10 . 00  10 . 00  10 . 00  10 . 00  

Menhaden fish oil 1  2.00  2.00  2.00  2.00  

Cassava meal 2  1 0. 00  1 0. 00  1 0. 00  1 0. 00  

Powder of  oregano polyphenols 3    0 . 00  0 .1 0  0 .2 0  0 .4 0  

Corn starch 2  10.90  10.80  10.70  10.90  

Wheat products 4  1 5. 00  1 5. 00  1 5. 00  1 5. 00  

Mineral premix 5  2.5 0  2.5 0  2.5 0  2.5 0  

Vitamin premix 6  2.5 0  2.5 0  2.5 0  2.5 0  

Rovimix Stay C - 35% 2  0.1 0  0.1 0  0.1 0  0.1 0  

Proximate  analysis      

Ash Content   (%)  9. 55  9. 40  9. 32  9. 31  

Total Fat   (%)  5.35  5.33  5.33  5.34  

Moisture Content   (%)  9. 12  9. 08  9. 14  9. 11  

Protein Content   (%)  3 0 . 02  3 0 . 04  30 . 12  3 0 . 14  

    1   PT FKS Multi Agro, Tbk. Jakarta, Indonesia    2   PT Rajawali Mitra Pakanindo, Banten, Indonesia   3   Regavit aqua TM ,  RA, Ecopharm Hellas, Greece   4   PT Pundi Kencana, Cilegon, Banten, Indonesia   5   Contained (as g/kg premix): cobalt chloride, 0.04; cupric sulfate  pentahydrate, 2.50;  ferrous sulfate, 40.00; magnesium sulfate anhydrous, 138.62; manganous sulfate  monohydrate, 6.50; potassium iodide, 0.67; sodium selenite, 0.10; zinc sulfate  heptahydrate, 131.93; and cellulose, 679.64 .    6   Contained (as g/kg premix): thiamin - HCl, 0.438; riboflavin, 0.632; pyridoxine - HCl,  0.908; D - pantothenic acid, hemicalcium salt, 1.724; nicotinic acid, 4.583; biotin, 0.211;  folic acid, 0.549; vitamin B12, 0.001; inositol, 21.053; menadione sodium bisulfite,  0.889; vitamin A acetate (500,000 IU/g), 0.677; vitamin D3 (1,000,000 IU/g), 0.116;  DLalpha - tocopheryl acetate (250 IU/g), 12.632; and alpha - cellulose, 955.589.          

