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Abstract

:

The growth performance of Scatophagus argus (25.53 ± 0.89 g) reared in Songkhla Lake, a brackish lagoon, was evaluated after feeding isonitrogenous and isocaloric diets containing hot-water extract from a seaweed, Sargassum sp., at 0, 0.25, 0.50, 0.75 or 1 g·kg−1. Triplicate groups of fish were reared in 15 net cages (50 × 50 × 60 cm) at a density of 20 fish per cage, and the diets were fed twice a day at a rate of 5% of fish body weight per day for 8 weeks. The final body weight, weight gain (WG), average daily gain, and feed intake (FI) showed significant positive and quadratic responses to the Sargassum extract level. The highest WG (57.97%) and FI (0.34) were recorded in the fish that received the hot-water extract at 0.25–0.5 g·kg−1 of diet. The protein efficiency ratio showed significant positive linear and quadratic responses to the Sargassum extract level, while the hepatosomatic index showed a significant positive linear response to the Sargassum extract level. The body protein and ash contents showed positive, linear and quadratic responses to the Sargassum extract level, and the highest crude protein (49%) was observed in the 0.5 g·kg−1 diet group. There were no significant effects of the Sargassum extract levels on feed conversion ratio, food conversion efficiency, lipid and moisture contents, survival rate, hematocrit, and white or red blood cell counts. However, hematological data between fish in the control group and the Sargassum extract groups tended to be different. Overall, the optimum level of seaweed-extract supplementation for spotted scat under natural conditions was determined to be approximately 0.5 g·kg−1 diet.
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1. Introduction


Seaweeds have a potential to be a dietary supplement ingredient of animal feeds since they are rich in useful metabolites (pigments, phenolic compound, and polysaccharides) and minerals [1] as well as an umami component, glutamic acid [2]. Hot-water extraction is an effective way to utilize the bioactive component of seaweeds. For example, a hot-water extract from gulfweed was found to stimulate immunity in white shrimp, Litopenaeus vannamei [3], black tiger shrimp, Penaeus monodon [4,5], Asian sea bass, Lates calcarifer [6,7] and rainbow trout, Oncorhynchus mykiss [8], by limiting the production of immunosuppressants. Other studies reported that the stimulation of immunity is caused by the generation of immunostimulants [9]. Zeraatpisheh et al. (2018) found the highest weight gain and specific growth rate in rainbow trout, O. mykiss, fed with a dietary hot-water extract of S. angustifolium at 400 mg·kg−1 of diet [8]. Hot-water extracts of Sargassum supplemented in diets were capable of increasing immunity and resistance to microbial infections [10,11].



It is also reported that Sargassum extracts often have a double-edged sword effect, in which they stimulate the immune systems of aquatic animals but also contain antinutritional factors such as phlorotannins. Phlorotannins are a major phenolic compound and a type of tannin found in brown algae. Tannins are complex secondary metabolites commonly present in plants, which are known to make proteins unavailable via binding. It has been classified as an antinutritional factor for monogastric animals with known negative effects on feed intake, nutrient digestibility, and production performance [12]. Seaweeds are thus often mixed with animal feed to weaken the negative impact on animals [1]. This is also the case for Sargassum extracts, and therefore it is important for aquaculture application to determine the optimal supplementation level of Sargassum hot-water extracts.



Spotted scat (Scatophagus argus Linnaeus, 1766) is a brackish water fish that is popular among fish consumers and as an ornamental fish. It is tolerant to a wide range of salinity, can be well adapted to fluctuations of environmental conditions [13], and is omnivorous [14]. Because of these characteristics, spotted scat is a candidate for coastal aquaculture with the potential to generate a high income for farmers. The supplementation of Sargassum extracts has the potential to contribute to the establishment of a sustainable and cost-effective aquaculture of S. argus, but there have been no studies on the optimum Sargassum extract level in S. argus. The present study was therefore conducted to determine the optimum Sargassum extract level in S. argus aquaculture under natural conditions in terms of growth, feed efficiency, hematological data and body composition. The information will be useful to develop the culture of this species.




2. Materials and Methods


2.1. Preparation of Sargassum sp. Extract


Sargassum sp. was collected from the coast of Bo Mao Bay (latitude 10°43′ N; longitude 99°23′ E), Pathio District, Chumphon Province, Thailand. The seaweed samples were divided into two parts. The first part was dried as herbarium specimens for classification, and the second was washed with freshwater and dried in a hot-air oven at 60 °C for 48 h. The second samples were then milled using an herb grinder and kept in air-tight plastic bottles at 4 °C until use. Upon extraction, they were milled to a particle size of less than 2 mm and stored in air-tight plastic bottles at 4 °C. The homogeneous powder was subjected to extraction at 120 °C by hot water, as reported previously [7]. The extract was then filtered through a nylon mesh (300 µm pore size), freeze-dried, and kept at 4 °C. The proximate composition of hot water extract from Sargassum polycystum was analyzed by AOAC [15] and it is presented in Table 1.




2.2. Experimental Diets


Four experimental diets were formulated by supplementing 0.25, 0.50, 0.75 or 1.0 g·kg−1 of Sargassum extract. The basal diet contained 5 g·kg−1 carboxymethylcellulose (CMC), and the Sargassum extract was added as described in Table 1. A control diet without Sargassum extract was also prepared. Each diet was stored at 4 °C until use. The ingredients and proximate composition of the experimental diets were determined using a standard method [15], as presented in Table 2.




2.3. Total Phenolic Content


The total phenolic content (TPC) of the hot-water extract was measured using the Folin–Ciocalteu method, as described previously [16]. Briefly, 100 μL of the sample (5 mg·mL−1) was mixed with 0.75 mL of diluted Folin–Ciocalteu reagent (1:9 v/v; Folin–Ciocalteu reagent: distilled water) and then stood at room temperature for 5 min. Next, 0.75 mL of 10% sodium carbonate solution was added, followed by the addition of 10 mL of distilled water. After mixing, the mixture was allowed to stand at room temperature for 90 min. The TPC was determined using a spectrophotometer at 725 nm. Tannic acid was used as the standard, and the TPC was expressed in terms of mg tannic acid equivalents (TAE) per 100 g of dried sample.




2.4. Experimental Design


Spotted scat were obtained from the marine fish hatchery at the Coastal Aquaculture Research and Development Regional Centre 6, Songkhla, Thailand. The fish were conditioned in two 1000 L seawater tanks and acclimated to the local conditions for 7 days. During this acclimation period, the fish were fed a commercial diet (Fishmate Carnivorous and Herbivorous Fish Food 4641, INTEQC feed company, Kalong, Thailand). At the beginning of the experiment, the fish (initial mean body weight: 25.53 ± 0.89 g) were randomly divided into five groups in three replicates. Each replicate, containing 20 fish, was reared in a net cage (size 50 × 50 × 60 cm). The 15 cages were randomly placed in the coastal area of Songkhla lake (7°10′47.8″ N 100°32′25.4″ E).



The fish were fed at a rate of 5% weight of fish each day at 10:30 a.m. Fish immediately accepted experimental diets. The fish were weighed at the beginning of the experiment and then biweekly for 8 weeks. Before weighing, they were fasted for 24 h, allowing the gut to empty. Five fish per cage were sacrificed at the end of the trial and frozen for subsequent body composition analysis. The whole body of the five fish was pooled, dried at 70 °C for 72 h, and subjected to body composition analysis following the AOAC method [15]. All fish were handled with care throughout the study and were killed following the guidelines of the Animals for Scientific Purpose Act 2015 and the National Research Council of Thailand.




2.5. Evaluation of Growth Performance and Feed Utilization


The growth performance, feed utilization, and survival were estimated in terms of mean weight gain (WG), average daily growth (ADG), feed conversion ratio (FCR), feed intake (FI), food conversion efficiency (FCE), protein efficiency ratio (PER), hepatosomatic index (HSI), and survival rate (SR), which were calculated as follows:



	WG: [FBW (g) − IBW (g)]/IBW (g) × 100



	ADG: [FBW (g) − IBW (g)]/d



	FCR: feed intake (g)/WG (g)



	FI: feed intake (g) × 100/{[IBW(g) + FBW(g))/2] × [initial fish quantity + final fish quantity]/2 × (experimental period)}



	FCE: {[WG (g)/feed intake (g)] × 100}



	PER: body weight gain (g)/protein intake (g)



	HSI: (liver weight (g) × 100)/body weight (g)



	SR: 100 × (final fish number of fish/initial number of fish)









2.6. Evaluation of Hematological Data


At the end of the trial period, blood samples were collected from the caudal vein of 15 fish in each treatment to conduct the hematocrit and blood-cell count. The hematocrit was measured by the microhematocrit method using a hematocrit ruler. The blood-cell count (white and red blood cells) was performed in three replications using a hemocytometer.




2.7. Statistical Analysis


The data of growth, feed efficiency, hematological data and body composition were tested for normality and homogeneity of variances using the Shapiro–Wilk test and Levene’s test, respectively. These data are reported as mean ± standard deviation (SD). One way analysis of variance (ANOVA) followed by the Duncan test was used to detect the inter-group differences. The orthogonal polynomial contrasts were calculated to find the linear and/or quadratic response to the Sargassum extract levels. These analyses were conducted using SPSS (Version 22, Chicago, IL, USA). Differences were considered significant at p < 0.05.





3. Results


3.1. Growth Performance, Feed Utilization, Hepatosomatic Index and Survival Rate


All data were analyzed by parametric methods based on their normality and homoscedasticity. The hot-water extract from Sargassum had a significant effect on several growth performance parameters, FBW, WG, and ADG (Table 3; ANOVA, p < 0.05). The FBW, WG, and ADG were quadratically (p = 0.001, 0.036, and 0.012, respectively) but not linearly (p = 0.620, 0.585, and 0.539, respectively) affected by the addition of the hot-water extract. The highest FBW (40.10 g), WG (57.97%), and ADG (0.26 g·d−1) were recorded in the fish that received the hot-water extract at 0.5 g·kg−1 of diet. The hot-water extract at 1 g·kg−1 of diet appeared to be the least appropriate since the fish in this group recorded the lowest value for FBW (34.95 g), WG (37.54%), and ADG (0.17 g·day−1), although some values did not show significant differences with those of fish that were fed control diet: FBW (36.59 g), WG (42.51%), and ADG (0.19 g·day−1).



The hot-water extract from Sargassum did not have significant effects on FCR or FCE (ANOVA, p = 0.123 and 0.055, respectively). There were neither linear or quadratic effects of the hot-water extract on FCR or FCE, although the association was close to the statistical significance for quadratic relationship (p = 0.201 and 0.118, respectively).



The effect of the hot-water extract on FI did not reach the statistical significance (ANOVA, p = 0.059). The FI were, however, quadratically (p = 0.018) affected by the hot-water extract from Sargassum. The highest FI was recorded in the fish that received the hot-water extract at 0.25 g·kg−1 of diet (0.34), being similar to the value of fish that received the hot-water extract at 0.50 g·kg−1 of diet (0.33). The FI values were not significantly different between the fish that received the hot-water extract at 0 (control), 0.5, 0.75, and 1 g·kg−1 of diet.



The PER value was significantly affected by the hot-water extract from Sargassum (ANOVA, p = 0.000) with significant quadratic (p = 0.011) and linear (p = 0.014) responses. Fish that received the hot-water extract at 0.50 g·kg−1 of diet showed the highest PER (7.59). The PER values in the fish that received the hot-water extract at 0 (control), 0.25, and 1 g·kg−1 of diet did not show any significant differences.



The HSI was not significantly affected by the hot-water extract from Sargassum in this study (ANOVA, p = 0.264), but a significant linear response was detected for this parameter (p = 0.044). There were no significant differences in the SR value among the treatments, which varied between 98.33 and 100%.



The optimum supplementation levels were determined for FBW, WG, ADG, FI, and PER, in which significant quadratic responses were observed (Figure 1). The calculated optimum levels were 0.46, 0.47, 0.47, 0.38, and 0.52, respectively.




3.2. Body Composition


The effect of the hot-water extract from Sargassum on the whole-body composition of the spotted scat is shown in Table 4. ANOVA detected significant effects of the hot-water extract on the crude protein and ash contents (p = 0.000 for both parameters). The hot-water extract level also had significant linear (p = 0.005, p = 0.033) and quadratic (p = 0.000, p = 0.000) effects on the crude protein and ash contents, but not on the crude lipid or moisture contents. The highest crude protein level was recorded in the fish that received the hot-water extract at 0.50 g·kg−1 of diet (49.08% dry matter). The crude protein in the fish that received the hot-water extract at 0.75 and 0.25 g·kg−1 of diet (48.04 and 47.29% dry matter) were significantly higher than those of fish that received the hot-water extract at 0 (control) and 1 g·kg−1 of diet (47.11 and 46.66% dry matter, respectively). The increase in the hot-water extract level had significant effects on the ash content, in which fish that received the hot-water extract at 1 g·kg−1 of diet represented the highest ash content (14.93% dry matter) together with fish that received the control diet (14.56% dry matter). The hot-water extract at 0.25 g·kg−1 of diet appeared to be the least appropriate since it resulted in the lowest ash content. There were no significant differences in crude lipid and moisture contents among the treatments (p > 0.05).




3.3. Hematological Data


The hematological data are shown in Table 5. The hot-water extract from Sargassum did not have significant linear or quadratic effects on hematocrit (p = 0.765 and 0.329), white blood cells (p = 0.509 and 0.399), and red blood cells (p = 0.884 and 0.659). The hematocrit and red blood cell values tended to increase with increasing levels of Sargassum extract, while the white blood cells showed the opposite trend.





4. Discussion


In this study, the supplementation of Sargassum hot-water extracts generally had positive effects on the growth performance and feed utilization of spotted scat. The chemical composition of the seaweed extracts was characterized by a high protein content and low lipid, ash, and moisture contents, which may have contributed to the improvements. This composition was different from hot-water extracts from other algae; S. cristaefolium hot-water extracts showed crude protein, lipid, ash, and moisture contents of 2.05 ± 0.02, 0.8 ± 0.01, 63.41 ± 0.67, and 5.25 ± 0.05%, respectively [10]. Yangthong et al. (2016) demonstrated that hot-water extract from Sargassum sp. (SG-0044) contains no crude lipid, whereas the moisture, crude protein, ash, and total phenolic contents are 4.68 ± 0.21, 12.37 ± 0.21, 24.72 ± 0.13 and 327.88–370.86 mg·g−1 tannic acid equivalent, respectively [7]. Hwang et al. (2010) reported that a hot-water extract form S. hemiphyllum had 10.1% moisture, 38.5% crude protein, 8.4% lipid, 12.2% ash, and 30.8% total carbohydrate [17]. Therefore, the chemical composition of seaweed extracts changes depending on the species of seaweeds and the extraction method, which warrants further studies to establish the standard supplementation protocol.



In the present study, Sargassum hot-water extracts at 0.5 g·kg−1 of diet improved the growth of spotted scat without significantly reducing the survival rate. The optimum supplementation levels of algae hot-water extract were variable depending on the conditions and species, but 0.5 g kg−1 of diet seems to be a reasonable level from the present and previous studies. Wong et al. (2013) reported that the optimum supplementation level of S. polycystum hot-water extract for the growth of Epinephelus coiodes (35.8 ± 0.8 g) was 0.5 g·kg−1 of diet. Yangthong et al. (2016) found that supplementation of Sargassum (SG-0044) hot-water extracts at 0 (control) and 0.5 g·kg−1 of diet resulted in better feed intake than 1 and 2 g·kg−1 of diet in Asian seabass [7]. The high doses of Sargassum extracts may result in increased tannin content in diet, thus reducing the appetite of fish, as observed in this study at equal to or greater than 0.75 g·kg−1 of diet supplementation. However, it must be pointed out that this study was conducted in net cages in the open sea, and the diet fed to the fish was 5% of the body weight of the fish in each net cage. Different culture conditions, including the feeding amount, may yield different results.



Hematological parameters are a pathophysiological reflector of the entire body and indicate the health status of fish. In the current study, the use of dietary Sargassum extract resulted in no significant differences in hematocrit nor in the white and red blood cell counts of spotted scat. Yang et al. (2014) also found that dietary fucoidan supplementation at 0.05, 0.1 and 0.2%·kg−1 feed have no significant effects on the hematocrit and white and red blood cell counts in yellow catfish (2.04 ± 0.02 g) [18]. Future infection experiments may substantiate the tendency of the hematological parameters observed in this study, where Sargassum extracts slightly decreased white blood cells.



The main aim of this study is to determine the optimum supplementation level of Sargassum hot-water extract for spotted scat under natural culture conditions, which turned out to be about 0.5 g·kg−1 considering various aquaculture parameters. The next study should focus on identifying the effective components and target metabolic pathway of Sargassum hot-water extract. The Sargassum hot-water extract was found to contain four of the eight essential sugars that work at the cellular level [7], in which fucose was the main sugar component. The dietary supplementation of alginate, one of the dominant polysaccharides of Sargassum [19], is known to enhance the activity of antioxidant enzymes and expression levels of immune-related genes in grass carp [20]. Fucoidan, another dominant polysaccharide of the extract, is also a well-known immune enhancer [21]. In contrast to the immune-related functions, little is known for the relationship between these polysaccharides and fish growth. It will be interesting to conduct feeding trials focusing on growth-related genes such as growth hormone and insulin-like growth factor I [22,23,24]. Stable in-door conditions would be suitable for these studies to accurately evaluate the effect of Sargassum hot-water extract on fish physiology.




5. Conclusions


The results of this research found that hot-water extracts of Sargassum affect the accumulation of protein and ash in Scatophagus argus, which is the most important farmed fish in Songkhla lake. This study also showed that the supplementation of the Sargassum hot-water extracts at a level of approximately 0.5 g·kg−1 of diet is the most appropriate level for growth performance. It is therefore recommended to supplement feed with Sargassum extract at that level in the aquaculture of spotted scat in order to take advantage of the positive growth performance. This experiment is the first involving algae extract fed to fish in natural water/open sea conditions located in a commercial fishery area. Although the addition of algal extract may increase the production costs of S. argus, the many improvements observed in this study highlight its potential for practical applications.
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Figure 1. Determination of the optimum supplementation levels of Sargassum extracts in terms of final body weight (FBW), weight gain (WG), average daily growth (ADG), feed intake (FI), and protein efficiency ratio (PER) in 8-week feeding trial. 
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Table 1. Proximate composition of hot-water extract from Sargassum polycystum.
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	Composition
	Sargassum polycystum





	Moisture (%)
	0.47 ± 0.11



	Ash (%)
	0.19 ± 0.04



	Crude protein (%)
	13.59 ± 0.08



	Crude lipid (%)
	0.90 ± 0.08



	Crude fiber (%)
	0.60 ± 0.10



	Total phenolic content (mg·g−1 tannic acid equivalent)
	522.04 ± 2.72







Note: Values are the mean ± SD of three replications.
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Table 2. Formulation and proximate composition of experimental diets.
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Diet

	
0

	
0.25

	
0.5

	
0.75

	
1






	
Feed formula (g·kg−1)

	

	

	

	

	




	
 Fish meal

	
500

	
500

	
500

	
500

	
500




	
 Squid liver

	
40

	
40

	
40

	
40

	
40




	
 Soybean meal

	
155

	
155

	
155

	
155

	
155




	
 Rice bran

	
110

	
110

	
110

	
110

	
110




	
 Wheat flour

	
100

	
100

	
100

	
100

	
100




	
 Fish oil

	
50

	
50

	
50

	
50

	
50




	
 Soybean oil

	
30

	
30

	
30

	
30

	
30




	
 Vitamin mix a

	
3

	
3

	
3

	
3

	
3




	
 Mineral mix b

	
5

	
5

	
5

	
5

	
5




	
 Vitamin C

	
1

	
1

	
1

	
1

	
1




	
 S. polycystum extract

	
0

	
0.25

	
0.5

	
0.75

	
1




	
 CMC

	
5

	
4.75

	
4.5

	
4.25

	
4.0




	
 BHT C

	
1

	
1

	
1

	
1

	
1




	
Proximate composition (% dry weight)

	

	

	




	
 Crude protein

	
44.21 ± 0.12 a

	
44.96 ± 0.24 a

	
44.71 ± 0.78 a

	
44.95 ± 0.12 a

	
45.12 ± 0.65 a




	
 Crude lipid

	
6.13 ± 0.28 a

	
6.45 ± 0.35 a

	
6.41 ± 0.42 a

	
6.20 ± 0.25 a

	
6.31 ± 0.20 a




	
 Crude fiber

	
2.45 ± 0.30 b

	
2.45 ± 0.06 b

	
2.57 ± 0.30 ab

	
2.18 ± 0.07 b

	
2.93 ± 0.01 a




	
 Ash

	
12.34 ± 0.86 a

	
12.51 ± 0.29 a

	
12.42 ± 0.30 a

	
12.70 ± 0.11 a

	
12.38 ± 0.22 a




	
 Moisture

	
1.30 ± 0.41 a

	
1.83 ± 0.62 a

	
2.01 ± 0.11 a

	
2.20 ± 0.01 a

	
2.00 ± 0.03 a




	
 Gross energy (MJ·100 g−1)

	
378.31 ± 5.49 a

	
376.77 ± 1.57 a

	
378.71 ± 7.08 a

	
379.64 ± 7.01 a

	
378.91 ± 7.81 a








Note (feed formula): a Per kg of vitamin mixture: vitamin A, 600,000 IU; vitamin D3, 200,000 IU; vitamin E, 6000 IU; vitamin K, 1200 mg; vitamin B1, 5000 mg; vitamin B2, 6000 IU; vitamin B6, 5000 mg; vitamin B12, 6 mg; niacin, 20,000 mg; pantothenic acid, 16,000 mg; folic acid, 1000 mg; biotin 200 mg; Endox Dry, 20,000 mg. b Per kg of mineral mixture: iron, 12,000 mg; copper, 12,000 mg; zinc, 15,000 mg; manganese, 6000 mg; iodine, 200 mg; selenium, 25 mg; magnesium, 50,000 mg; calcium, 100,000 mg; phosphorus, 80,000 mg. C BHT indicates butylated hydroxytoluene. Note (proximate composition): Values are the mean ± SD of three replications. Means within each column not sharing a common superscript are significantly different (p < 0.05, n = 3).
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Table 3. Growth performance, feed utilization, and survival rate of spotted scat fed the experimental diets for 8 weeks.






Table 3. Growth performance, feed utilization, and survival rate of spotted scat fed the experimental diets for 8 weeks.





	

	
Sargassum Extract in Diet (g·kg−1)

	
p Value




	

	
0

	
0.25

	
0.5

	
0.75

	
1

	
ANOVA

	
Linear

	
Quadratic






	
IBW (g)

	
25.7 ± 1.27

	
25.6 ± 1.52

	
25.5 ± 0.62

	
25.4 ± 0.73

	
25.4 ± 0.81

	
0.997

	
0.729

	
0.937




	
FBW (g)

	
36.6 ± 1.19 bc

	
37.0 ± 0.20 b

	
40.1 ± 1.31 a

	
37.5 ± 0.33 b

	
35.0 ± 0.96 c

	
0.001

	
0.620

	
0.001




	
WG (%)

	
42.5 ± 2.77 b

	
45.0 ± 5.27 b

	
58.0 ± 8.44 a

	
47.8 ± 1.19 ab

	
37.5 ± 7.76 b

	
0.036

	
0.585

	
0.036




	
ADG (g·day−1)

	
0.19 ± 0.01 bc

	
0.20 ± 0.02 bc

	
0.26 ± 0.03 a

	
0.22 ± 0.01 b

	
0.17 ± 0.03 c

	
0.010

	
0.539

	
0.012




	
FCR

	
0.52 ± 0.04

	
0.54 ± 0.08

	
0.41 ± 0.05

	
0.50 ± 0.15

	
0.59 ± 0.12

	
0.123

	
0.817

	
0.201




	
FI (g·fish−1)

	
0.32 ± 0.01

	
0.34 ± 0.01

	
0.33 ± 0.01

	
0.32 ± 0.04

	
0.32 ± 0.01

	
0.059

	
0.569

	
0.018




	
FCE (%)

	
194.0 ± 14.6

	
192.4 ± 24.1

	
246.1 ± 28.6

	
210.1 ± 6.76

	
174.25 ± 32.62

	
0.055

	
0.550

	
0.118




	
PER

	
4.99 ± 0.28 c

	
5.05 ± 0.50 c

	
7.59 ± 0.53 a

	
6.23 ± 0.24 b

	
4.87 ± 0.51 c

	
0.000

	
0.014

	
0.011




	
HSI (%)

	
2.93 ± 2.89

	
2.60 ± 0.26

	
2.52 ± 0.20

	
2.48 ± 0.03

	
2.43 ± 0.26

	
0.264

	
0.044

	
0.479




	
SR (%)

	
98.3 ± 2.89

	
99.2 ± 1.01

	
98.3 ± 2.89

	
99.2 ± 1.44

	
100.0 ± 0.00

	
0.737

	
0.433

	
1.00








Note: Values are the mean ± SD of three replications; means within each row not sharing a common superscript are significantly different (p < 0.05).
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Table 4. Whole-body composition of spotted scat fed the experimental diets for 8 weeks.






Table 4. Whole-body composition of spotted scat fed the experimental diets for 8 weeks.





	
Sample (Sargassum Extract g/kg)

	
(% Dry Matter Basis)

	
(% Wet Sample)




	
Crude Protein

	
Crude Lipid

	
Ash

	
Moisture






	
Initial fish

	
52.29 ± 0.77

	
33.12 ± 0.76

	
13.89 ± 1.88

	
64.98 ± 0.96




	
0

	
46.66 ± 0.27 c

	
34.86 ± 0.25

	
14.56 ± 0.42 ab

	
63.69 ± 0.67




	
0.25

	
47.29 ± 0.42 bc

	
35.45 ± 0.57

	
13.45 ± 0.07 d

	
63.78 ± 1.99




	
0.5

	
49.08 ± 0.01 a

	
35.89 ± 1.06

	
13.89 ± 0.29 cd

	
63.78 ± 0.74




	
0.75

	
48.04 ± 0.75 b

	
35.57 ± 1.12

	
14.24 ± 0.27 bc

	
64.41 ± 0.49




	
1

	
47.11 ± 0.22 c

	
35.02 ± 1.01

	
14.93 ± 0.01 a

	
65.82 ± 2.46




	
ANOVA

	
0.000

	
0.420

	
0.000

	
0.418




	
Linear

	
0.005

	
0.919

	
0.033

	
0.152




	
Quadratic

	
0.000

	
0.762

	
0.000

	
0.432








Note: Values are the mean ± SD of three replications; means within each row not sharing a common superscript are significantly different (p < 0.05).
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Table 5. Hematocrit, white and red blood cell counts in spotted scat fed the experimental diets for 8 weeks.
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	Sargassum Extract

(g·kg−1)
	Hematocrit (%)
	White Blood Cells

(×108 Cell·mL−1)
	Red Blood Cells

(×1010 Cell·mL−1)





	0
	35.07 ± 1.72 a
	6.84 ± 1.58 a
	5.07 ± 1.05 a



	0.25
	35.96 ± 2.11 a
	6.02 ± 0.81 a
	5.39 ± 1.42 a



	0.5
	36.80 ± 1.44 a
	6.02 ± 0.95 a
	5.68 ± 1.38 a



	0.75
	36.17 ± 1.65 a
	6.19 ± 0.40 a
	5.35 ± 1.55 a



	1
	35.53 ± 2.94 a
	6.17 ± 0.91 a
	5.29 ± 1.54 a



	ANOVA
	0.866
	0.804
	0.989



	Linear
	0.765
	0.509
	0.884



	Quadratic
	0.329
	0.399
	0.659







Note: Values are the mean ± SD of three replications; means within each row not sharing a common superscript are significantly different (p < 0.05).
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