
Dietary administration of low molecular weight sodium alginate and probiotic Pediococcus acidilactici on growth performance, digestive enzymes, and intestinal histology of Asian seabass Lates calcarifer 
Ghasem Ashouri *, PhD student, Department of Natural Resources (Fisheries Division), Isfahan University of Technology, Isfahan 84156-83111, Iran
Nasrollah Mahboobi Soofiani, Professor, Department of Natural Resources (Fisheries Division), Isfahan University of Technology, Isfahan 84156-83111, Iran
Seyed Hossein Hoseinifar, Professor, Department of Fisheries, Faculty of Fisheries and Environmental Sciences, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran.
Amir Mani, PhD student, Department of Natural Resources (Fisheries Division), Isfahan University of Technology, Isfahan 84156-83111, Iran
Abstract (300-word limit)
During the past decade, aquaculture has been considered as one of the fastest-growing industries of food production. The elevation of aquatic animal production has been obtained by increasing the production per unit of area which per se results from intensification. However, the elevation of stocking density in aquaculture practices increases the stress level in the cultured organism and the risk of diseases. Following the 2006 EU ban on antimicrobial growth promoters, to reduce use of antibiotics chemical compounds in agri-business products have arisen. Therefore, application of bioactive substances, such as probiotics and prebiotics as an alternative to antibiotics has been considered as environmentally friendly tool for aquaculture. Interest in the use of prebiotics and probiotics in aquaculture increased considerably over the past several years due to the beneficial effects reported for these diet additives in humans and terrestrial animals, including enhanced production efficiency, increased nutrient utilization, .and improved disease resistance.

Methodology and Theoretical Orientation:
In this study six weeks of feeding trial was conducted to examine the effect of dietary administration of low molecular weight sodium alginate (LMWSA) and Pediococcus acidilactici MA 18/5M (PA) on growth performance, digestive enzymes, and intestinal histology of Lates calcarifer juveniles. Fish (12.0 ± 0.2 g ) were fed experimental diets as follows: Control (diet 1, basal diet), 5 g kg-1 LMWSA (diet 2), 10 g kg-1 LMWSA (diet 3), 0.9 × 107 CFU g-1 PA (diet 4), 5 g kg-1 LMWSA + 0.9 × 107 CFU g-1 PA (Diet 5), and 10 g kg-1 LMWSA + 0.9 × 107 CFU g-1 PA (Diet 6).
Findings:
Obtained Results revealed that fish fed with diet contained PA (Diet 4) solely or along with 5 g kg−1 LMWSA (Diet 5) had higher weight gain, specific growth rate and food intake than other experimental groups (P < 0.05). The results of the present study illustrated, the specific activity of all evaluated digestive enzymes including total protease, trypsin, lipase and α-amylase remarkably increased by singular and combined administration of LMWSA with PA compared to control group (P < 0.05). Fish fed by diet supplemented with PA in combination with 10 g kg−1 (Diet 6) and those fed control diet (Diet 1) had highest and lowest villus length, area and depth, respectively and the other groups showed intermediate values (P < 0.05.
Conclusion and Significance:
These results indicated that combined administration of LMWSA and PA can be considered as beneficial feed additive and growth stimulator in L. calcarifer juveniles.
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Table 1. Growth performances and feed utilization (mean ± S.E.) of the L. calcarifer fed different levels of dietary LMWSA and P. acidilactici: Diet 1 (control), Diet 2 (5 g kg-1 LMWSA), Diet 3 (10 g kg-1 LMWSA), Diet 4 (0.9 × 107 CFU g-1 P. acidilactici), Diet 5 (5 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici), and Diet 6 (10 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici). 
	
	Diet 1
	Diet 2
	Diet 3
	Diet 4
	Diet 5
	Diet 6

	BWi (g)
	11.8 ± 0.2
	11.8 ± 0.2
	12.0 ± 0.3
	11.8 ± 0.2
	12.2 ± 0.4
	12.2 ± 0.4

	BWf (g)
	27.3 ± 0.7b
	28.8 ± 0.5b
	28.1 ± 0.4b
	30.8 ± 0.6a
	30.9 ± 0.6a
	28.7 ± 0.4b

	WG (%)
	130.0 ± 5.1c
	143.7 ± 2.4abc
	134.6 ± 2.9bc
	160.5 ± 7.9a
	154.6 ± 5.0ab
	136.6 ± 10.8bc

	SGR (%)
	2.1 ± 0.1c
	2.3 ± 0.0b
	2.2 ± 0.0b
	2.5 ± 0.1a
	2.4 ± 0.1ab
	2.2 ± 0.1b

	K (%)
	1.2 ± 0.0
	1.2 ± 0.0
	1.3 ± 0.0
	1.3 ± 0.0
	1.3 ± 0.0
	1.3 ± 0.1

	FI (g fish)
	15.5 ± 0.4c
	16.1 ± 0.3bc
	16.3 ± 0.3bc
	17.3 ± 0.1a
	17.4 ± 0.2a
	16.9 ± 0.3ab

	FCR
	1.04 ± 0.01
	1.02 ± 0.02
	1.07 ± 0.03
	1.02 ± 0.04
	1.00 ± 0.00
	1.07 ± 0.04

	SR (%)
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0
	100 ± 0.0





Values in a row assigned with different letter denote significant difference (P < 0.05) (by Duncan’s Multiple Range Test). BWi = Initial body weigh fish-1; BWf = Final body weigh fish-1; SGR = Specific growth rate fish-1; SR = Survival rate; FI = Feed intake; FCR = Feed conversion ratio, WG = Weight gain; K = factor 





Table 2. Intestine morphological parameters (mean ± S.E.) of the L. calcarifer fed different levels of dietary LMWSA and P. acidilactici: Diet 1 (control), Diet 2 (5 g kg-1 LMWSA), Diet 3 (10 g kg-1 LMWSA), Diet 4 (0.9 × 107 CFU g-1 P. acidilactici), Diet 5 (5 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici), and Diet 6 (10 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici).
Values in a row assigned with different letter denote significant difference (P < 0.05) (by Duncan’s Multiple Range Test).
	Treatment
	Diet 1
	Diet 2
	Diet 3
	Diet 4
	Diet 5
	Diet 6

	Villus length (μm)
	347.8 ± 15.1c
	445.5 ± 23.8b
	454.4 ± 17.2b
	464.4 ± 13.1b
	437.8 ± 29.2b
	526.7 ± 6.8a

	Villus width (μm)
	117.8 ± 6.0b
	116.7± 9.8b
	114.4± 12.5b
	130.0 ± 7.7b
	122.2 ± 5.3b
	176.6± 25.1a

	Villus area (μm2)
	1286 ± 198c
	1632 ± 147b
	1632 ± 326b
	1896 ± 320ab
	1679 ± 142b
	2920 ± 235a

	Crypt depth (μm)
	274.4 ± 15.8c
	366.7 ± 28.8b
	353.3 ± 21.6b
	384.5 ± 19.2b
	361.1 ± 43.7b
	441.7 ± 9.2a

	Muscular layer thickness (μm)
	45.5 ± 2.3a
	36.7 ± 2.5b
	25.0 ± 3.2c
	36.7 ± 1.9b
	27.5 ± 1.8c
	48.9 ± 3.1a
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Fig.1. Specific a) total protease (U mg protein-1), b) trypsin (U mg protein-1), c) lipase (U mg protein-1) and d) α-amylase activity (mean ± S.E.) in gut of L. calcarifer fed different levels of dietary LMWSA and P. acidilactici: Dietary groups: Diet 1 (control), Diet 2 (5 g kg-1 LMWSA), Diet 3 (10 g kg-1 LMWSA), Diet 4 (0.9 × 107 CFU g-1 P. acidilactici), Diet 5 (5 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici), and Diet 6 (10 g kg-1 LMWSA + 0.9 × 107 CFU g-1 P. acidilactici). n = 3 (pooled from 9 fish). Values in a column assigned with different letter denote significant difference (P < 0.05) (by Duncan’s Multiple Range Test).
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