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Effects of dietary vitamin K on growth performance, flesh quality, intestinal morphology of juvenile Gnathanodon speciosus 
ABSTRACT
The golden trevally (Gnathanodon speciosus) is a promising choice for aquaculture due to its quick growth, high market value, and exquisite flavour. Identifying strategies to optimise production through growth promotion is essential in golden trevally aquaculture. The benefits of vitamin K for fish remain contentious. It benefits certain fish but not others. Furthermore, the impact of vitamin K on golden trevally remains unexplored. This experiment was conducted to evaluate the impact of vitamin K on the golden trevally, G. speciosus (starting weight 5.43 g ± 0.21). Three concentrations of vitamin K (10, 20 and 40 mg kg⁻¹ diet) were added to the basal diet (control diet). We administered four dietary treatments, each with three duplicates, to the fish over a period of eight weeks. The growth performance, as well as the protein and fat content in muscle, was assessed. At the conclusion of the feeding trial (week 8), the addition of vitamin K to a golden trevally diet led to a statistically significant enhancement in growth (P < 0.05). The survival rate of fish consuming diet vitamin K were not significantly different from the control group. Moreover, the protein and fat content in the flesh of golden trevally dramatically increased with elevated vitamin levels in their meals. To ensure optimal growth and survival, it is advisable to augment the diet of golden trevally with a minimum of a specific amount of 20 mg vitamin K per kilogram. In summary, dietary supplementation with vitamin K enhances growth, survival, and body composition in juvenile specimens of this species. This experiment is the first study on the benefits of vitamin K for golden trevally and deserves examination; however, researchers should conduct further studies on physiological impacts and stress resilience.
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1. INTRODUCTION
Vitamin K is acknowledged as an essential fat-soluble vitamin in fish Krossøy et al., 2011()
; however, fish lack the ability to synthesise de novo vitamin K. Vitamin K facilitates numerous biological functions Krossøy et al., 2011()
, including contributing to skeletal development and bone mineralization Roy and Lall, 2007()
, serving as a co-factor in vitamin K-dependent protein carboxylation Dominguez et al., 2022()
, synthesis of clotting factors  Cheng et al., 2015()
, and regulating calcium homeostasis Wei et al., 2023()
. 
The dietary vitamin K requirement for aquaculture is controversial, with some studies indicating favourable benefits and others demonstrating neutral or adverse effects. The inclusion of VK in the diet enhances growth, food digestion, and absorption in the common carp, C. carpio Yuan et al., 2016()
. Moreover, vitamin K was essential in the diets of salmon, Oncorhynchus rhodurus Taveekijakarn et al., 1996a()
, and Chinese prawns, Penaeus chinensis Shiau and Liu, 1994()
 to enhance weight gain ratio; otherwise, growth would be hindered.

In contrast, a lack of dietary vitamin K results in suboptimal growth and heightened mortality in amago salmon, Oncorhynchus rhodurus Taveekijakarn et al., 1996a()
 and gilthead seabream, Sparus aurata Sivagurunathan et al., 2023()
. Dietary vitamin K deficiency results in reduced bone mineralisation and bulk, causing skeletal deformities in haddock, Melanogrammus aeglefinus Roy and Lall, 2007()
 and mummichog Fundulus heteroclitus Udagawa, 2004()
. Elevated dietary vitamin K improves feed efficiency (FE) and protein efficiency ratio (PER) in juvenile sea prawns, Penaeus chinensis Shiau and Liu, 1994()
. 

The golden trevally (Gnathanodon speciosus) dwells in the tropical and subtropical regions of the Eastern Pacific, Western Indo-Pacific, and both the Eastern and Western Atlantic Oceans. The golden trevally serves as both a source of food and a beautiful species. This species, for which spawning has been successfully induced in Vietnam, is a novel candidate for aquaculture. The golden trevally is a critically significant farmed species in Vietnam due to its rapid development, substantial market value, exquisite flavour, and existing supply challenges. This species encounters substantial challenges from environmental stresses in aquaculture facilities, including water pollution, elevated stocking density, and inadequate water quality. 

Some studies have examined the impact of vitamin K on aquatic species; however, to the best of our knowledge, no study has determined how vitamin K affects on golden trevally. The correct amount of feed additives is essential because an incorrect dosage may lead to detrimental effects 
 ADDIN EN.CITE 
(Do-Huu et al., 2012; Do-Huu and Jones, 2014)
. Therefore, the objective of this study was to examine the effects of vitamin K supplementation on growth performance, biometric indices, and protein content in the golden trevally, Gnathanodon speciosus. 
2. MATERIALS AND METHODS
2.1. Preparation of diets and feeding 

Vitamin E was supplemented to a base diet that contained 19.72 GE MJ/kg, 39.3% crude protein, and 8.71% fat at three different dosages (10, 20 and 40 mg kg⁻¹ diet). Each tank's experimental fish received 5% of their average body weight on the first day. The amount of feed given was then monitored and adjusted every day based on the volume of pellets that remained. Every day, about 30% of the water was refilled, and the leftover feed and excrement were removed. For the eight-week experiment, the fish were fed twice a day at 8:00 and 17:00. 

   

 Table 1. Composition of the basal diet

	Ingredients
	Percentage

	Fish meal 
	40.50

	Wheat
	22.20

	Soybean
	10.40

	Fish oil
	6.60

	Binder
	1.10

	Mineral mix

Vitamin mixture (vitamin E free) d
	1.5

	Vitamin mix (Vitamin K free)
	1.0


	Corn starch
	16.7

	TOTAL
	100


2.2. Experimental design

The experiment aimed to assess the growth performance and mortality of fish subjected to an 8-week vitamin E-enriched diet. The four food treatments were allocated to three replicate tanks, each containing 30 fish, utilising a randomisation method. A total of 360 golden trevally were distributed across 12 tanks. 

2.3. Juvenile fish and culture tanks

The golden trevally, Gnathanodon speciosus, was acquired from the same broodstock in a hatchery in Nha Trang, Vietnam. Fish with a mean initial wet weight of 5.43 g ± 0.21 (SEM), were randomly allocated to 12 composite tanks (50 × 80 × 80 cm). Each tank was equipped with an individual recirculation system operating at a flow rate of 350 L/min. 
2.4 Data collection and sampling
At both the beginning and the completion of the trial, each fish was provided with a total length measurement and weighed individually. After the experiment ended, two fish were randomly selected from each tank, totaling six animals per treatment, and sacrificed to determine their muscle composition. Before any measurements or samples were taken, the fish were starved for a period of twenty-four hours. 

2.5 Chemical analysis of culture fish
At the conclusion of the experiment (week 8), fish samples were collected from each feeding regimen, and their muscles were preserved at -20 degrees Celsius 
for protein and lipid analysis. The quantities of crude protein and fat were determined using the previously outlined procedure Do-Huu et al., 2022()
. 
2.6. Gut Histology and section 
A segment of intestine from the mid-gut was preserved in 10% formaldehyde. Samples were subsequently desiccated in 70% ethanol, equilibrated in xylene, and ultimately embedded in paraffin. The tissue was sectioned into eight-micron cross sections. The sections were subsequently deparaffinized, hydrated, and stained using the conventional H&E method. An Olympus microscope with 400x magnification was employed to capture images of portions of the digestive system. Subsequently, the free ImageJ software version 1.47 from the National Institutes of Health in the USA was used to analyse the images for the internal perimeter (IP) of the gut lumen (length of villi and mucosal folds) and the external perimeter (EP) of the gut. The perimeter ratio (PR) is calculated as PR = IP/EP, where IP and EP are arbitrary values. A high PR value indicates elongated villi, increased mucosal folding, or both 
 ADDIN EN.CITE 
(Dimitroglou et al., 2009; Do-Huu et al., 2024)
.
2.6 Data calculation 

Specific growth rate (SGR, % d⁻¹) and survival rate (SR) were computed using the following formulas Do-Huu et al., 2013()
: Where Wt and Wo were the fish's weights at the end of week 8 and their respective beginning weights (in g), SGR (% d-1) = 100 x (LnWt - LnWo)/days; SR (%) = 100 x (Nt)/No. At the start of the experiment, there were no fish, and at the end, there were none. The calculated the coefficient of variation (CV, %) as follows: CV is equal to (100 x S/M), where S is the standard deviation and M is the average weight of the fish.

2.8 Statistical analysis

The growth, gut morphology and body composition data of fish under various feeding treatments were examined using ANOVA and Least Significant Difference (LSD) procedures. If P < 0.05, differences were considered significant. The presentation of data is by means of standard error (SEM). To compare survival rates, a non-parametric Kruskal-Wallis test was used Zar, 1999()
. SPSS 18 (IBM, Chicago, IL) was used for all statistical analyses.
RESULTS
3.1 Growth performance of golden trevally 
At the start of the experiment, there was not a significant difference in the average weight of golden trevally across treatments (ANOVA, P = 0.781).
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Fig. 1. Average daily growth coefficient (DGC % d-1) (± SEM) of golden trevally fed vitamin K. Significant alterations between treatments are indicated by different letters.
Figure 1 illustrates the impact of different concentrations of vitamin K (VK) supplementation on the growth rate of golden trevally. Fish receiving vitamin K treatment exhibited a significantly greater growth rate at week 8. The growth rates ranged from 2.33 to 2.86 % per day. Golden trevally getting 4 mg of VK (D2) exhibited the most substantial growth, succeeded by fish receiving 10 mg and 40 mg of vitamin K in their diets; however, no significant difference was observed among these groups (P = 0.391). Fish fed with the basal (unsupplemented) meal exhibited significantly reduced growth compared to those provided with the three vitamin concentrations (P ≤ 0.021). 

3.2 Condition factor (CF) of golden trevally fed different levels of vitamin K

Figure 2 illustrates the protein content of golden trevally that were administered diets enriched with vitamin K. The condition factor (CF) markedly increased in fish fed diets D1 and D2 (P ≤ 0.011), with fish on diet D1 exhibiting a greater value than those on diet D2; however, this difference was not statistically significant (P = 0.310). The condition factor (CF) of fish given D3 and those on the basal diet did not exhibit a significant difference (P = 0.341).
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Fig. 2. Condition factor of golden trevally. Significant alterations between treatments are indicated by different letters.

3.3 Survival rate of golden trevally 
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Fig. 3. Survival rate of golden trevally. 

Figure 3 illustrates the impact of dietary vitamin K inclusion on the survival rate of the golden trevally. The final survival rate of golden trevally across treatments ranged between 91.25% and 93.15 %. Fish receiving diets with (D1) 10 mg of vitamin K exhibited the highest survival rate at 93.15%, followed by those on diets with D2 (20mg), D3 (40 mg), and the control diet (D0), which had survival rates of 92.63%, 91.81%, and 91.25%, respectively. The survival rates of fish administered any dosage of vitamin K and those on a control diet did not exhibit significant differences (P = 0.098). 

3.4. Variations in the size of golden trevally 
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Fig. 4. Coefficient of variations in weight (CV, %) of golden trevally fed vitamin K. Different letters indicate significant differences between treatments.

The coefficient of variation (CV, %) was employed for evaluating the heterogeneity of fish body weight. Results at week eight indicated that the fish receiving a control diet exhibited the highest coefficient of variation (CV, %) in body weight. As the intake of vitamin K supplements rose, the coefficient of variation exhibited a declining trend. In comparison to fish on a control diet, a significant difference in CV value was observed in the diet containing (D2) 20 mg of vitamin K (P = 0.006). The CV values of fish that ate diets with 10 mg and 40 mg of vitamin K per kg were lower than those that ate the control diet, but these differences were not statistically significant (P = 0.187). No significant differences were noted among the three groups of fish receiving any amount of vitamin K (P = 0.132). Figure 4. 

3.5. Intestinal perimeter of fish  

Figure 5 illustrates the protein content of golden trevally diets enhanced with vitamin K. The intestinal surface area in this investigation was represented as the perimeter ratio (PR). The PR values in golden trevally receiving meals enriched with all concentrations of vitamin K were considerably elevated (P ≤ 0.035). In the three treatments with added vitamins, the PR was higher in fish that received D2 (20 mg VK) and slightly lower in those that got D3 (40 mg VK); however, these differences were not statistically significant (P ≥ 0.097). (Figure 5). 
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Fig. 5. Gut morphology of golden trevally. Different letters indicate significant differences between treatments.
3.6 Protein content in flesh of golden trevally 
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Fig. 6. Protein content in golden trevally fed vitamin K supplementation. Different letters indicate significant differences between treatments.

Figure 6 shows the protein level of golden trevally fed diets enriched with vitamin K. Diets enriched with varying doses of vitamin K considerably affected protein content (P < 0.014). The amount of protein in the muscle of golden trevally varied from 18.05% in the control diet group to 21.58% in the group that received 20 mg VK per kilogramme (D2). The highest protein content was seen in fish fed D2 (21.58), followed by fish fed D1 (10 mg VK per kilogram), both of which were considerably higher than that of the control group (P < 0.028). Nonetheless, there was no substantial difference between fish administered D3 (40 mg VK) and the control (P = 0.077). The protein concentrations did not differ among fish fed varying levels of vitamin K in their diets (P = 0.211) (Figure 6). 
3.7 Lipid content in flesh of golden trevally 
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Fig. 7. Lipid content in golden trevally fed vitamin K supplementation. Different letters indicate significant differences between treatments. 
Upon concluding the experiment, the lipid content of fish within the diet varied from 6.2% to 7.8%. However, lipid content decreased with the elevation of vitamin K administration. Fish receiving the control diet exhibited the lowest lipid content (6.2%), while those on diet D2 (20 mg of vitamin K) demonstrated the greatest lipid content (7.8%). Fish given diet D1 and D2 (10 and 20 mg of vitamin K, respectively) had much higher lipid levels than those on the control diet (P ≤ 0.021); however, fish on D3 (40 mg of vitamin K) did not show a big difference in lipid levels compared to those on the basic diet (P = 0.075). Lipid levels did not exhibit significant differences between the groups administered vitamin K supplements at any dosage (P = 0.327).
4. DISCUSSION
This research is the primary and essential investigation into the impact of dietary vitamin K on the growth and body composition of golden trevally. This study indicates that dietary vitamin K promotes the growth and survival of the golden trevally, Gnathanodon speciosus. Fish growth strengthened when provided diets containing 10-40 mg of vitamin K per kilogramme of feed. 

Our results match other research showing that vitamin K is important for the growth and survival of fish at different amounts of vitamin K, such as Jian carp, Cyprinus carpio var. Jian 3.13 mg kg-1 Yuan et al., 2016()
, Atlantic cod, Gadus morhua at 0.2 mg kg⁻¹ Grahl-Madsen and Lie, 1997()
, Atlantic salmon, Salmo salar 0.1 mg kg-1 Krossøy et al., 2009()
, and large yellow croaker, Pseudosciaena crocea less than 3.45 mg kg-1 Cheng et al., 2015()
. 
In contrast to the above studies, some other publications showed that dietary vitamin K have not impact on fish growth performance, while others showed a negative influence of dietary VK. One study show that increased dietary levels of vitamin K3 (MSB) (2.0-2.4 g kg⁻¹) did not negatively impact the growth, survival, or blood coagulation of brook trout, Salvelinus fontinalis and rainbow trout, Oncorhynchus mykiss Marchetti et al., 1995()
. Also, amago salmon (Oncorhynchus rhodurus) that received a much lower amount of menadione (40 mg kg⁻¹ of feed) showed no signs of being harmed Taveekijakarn et al., 1996b()
. However, Atlantic salmon fed a diet supplemented with 30 mg kg⁻¹ of vitamin K3 (MSB) for 28 weeks demonstrated reduced growth and increased mortality compared to those receiving the same dosage of vitamin K₁ Grisdale-Helland et al., 1991()
. 

Condition factors are significant indicators for assessing health status Nehemia et al., 2012(; Mortuza and Al-Misned, 2013)
. Furthermore, the condition factor (K) serves as an indicator for assessing variations in nutritional status, adult size, spawning size, and the alimentary condition of fish 
 ADDIN EN.CITE 
(Mohanraj, 2008; Naeem et al., 2011)
. The K value serves as a measure of fish health and overall well-being in connection to environmental factors Olurin and Aderibigbe, 2006()
, seasonal variations, and geographical regions Froese, 2006(; Tuyen and Hoang, 2013)
. Limited research recently has investigated the CF value for golden trevally. In this study, CF was lowest in fish fed control, while the highest CF values were seen in fish fed 10 mg and 20 mg of VK per kilogram diet. 
Morphological examination of the digestive tract is crucial for understanding the biology and physiology of fish Huang et al., 2022()
. 


Dimitroglou et al. (2009)
 asserted that improvements in gastrointestinal morphology enhance feed utilisation, thereby promoting the health of the mucosal epithelium and its protective capacity against invasive bacterial infections, leading to better nutrient utilisation, retention, and growth Zhou et al., 2010()
. In the current study, golden trevally fish that consumed a meal containing 20 mg of vitamin K per kg exhibited a considerable increase in their gastrointestinal surface areas. 

The nutritional status and health of fish are frequently determined by their biochemical composition, including their protein and lipid content Jobling, 1983()
. The body composition of fish is crucial in aquaculture, as it influences the effectiveness of food utilisation, survival, and growth Breck, 2014()
. In the current investigation, the protein content of golden trevally fed dietary vitamin K showed substantial differences; however, higher dose of vitamin K at 40 mg/kg diet reduced protein and lipid levels in golden trevally, which showed not significantly differ from those values in fish fed control diets. 
There have been no published studies on the effects of vitamin K on body composition, condition factors, or gut morphology of fish. VK
 has a positive impact on intestinal health and may serve as a therapeutic agent for the prevention and treatment of intestinal disorders Lai et al., 2022()
. The enhanced growth, survival, and body composition of golden trevally in this study may indicate the role of vitamin K in this species. According to Krossøy et al. (2011)
, vitamin K is involved in various biological functions. Vitamin K functions as a coenzyme for vitamin K-dependent carboxylase, an enzyme required for the synthesis of proteins involved in haemostasis (blood clotting), bone metabolism, and other diverse physiological functions Suttie, 2010()
. In addition, the intestinal absorption of vitamin K requires solubilisation reliant on bile salts and pancreatic enzymes. When dietary vitamin K enters the intestine, it is taken up along with bile salts, products from fat digestion by the pancreas, and other dietary fats Shearer et al., 2012()
. This may reflect the on modulation role of dietary VK on the body composition of golden trevally in this study.
5. CONCLUSION

The golden trevally, Gnathanatodon speciosus, experiences improved growth performance and modified body composition as a result of vitamin K incorporation into their diets. The golden trevally diet was advised to be supplemented with ~20 mg kg⁻¹ VK to facilitate optimal growth. Additionally, further research is necessary to ascertain the vitamin K concentration required to optimize the growth of golden trevally in response to a variety of environmental conditions and stressors, as well as their physiological and immunological responses at different life stages. In summary, supplementation of juvenile golden trevally with dietary vitamin K may improve growth, survival, and body composition. 
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