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A 120-day feeding trial was conducted in a pilot field setting to study the nutraceutical properties of ginger powder (GP), focusing on the growth performance and health status of Indian major carp L. rohita reared under a semi-intensive culture system. L. rohita fingerlings (average weight: 20.5 g) were divided into five groups and fed a diet with no GP supplementation (control), or a diet supplemented with GP at 5 g (GP5), 10 g (GP10), 15 g (GP15), and 20 g (GP20) per kg of feed. The study was carried out in outdoor tanks (20 m2) following a complete randomized design with three replicates for each experimental group. Dietary supplementation of GP at 15 g·kg−1 (GP15) of feed caused a significant increase in the growth performances of the fish. Results also showed that feeding of GP15 diet led to a significant improvement in the health status of fish as indicated by a marked change in the tested haematological indices (i.e., higher RBC, WBC, Hb, and Ht values), oxidative status (increased SOD and decreased LPO levels), biochemical parameters (increased HDL, decreased cholesterol, and triglycerides levels), and activities of the liver enzymes (decreased AST and ALT). Overall results suggested that dietary supplementation of GP could positively influence the growth and health status of L. rohita fingerlings, and hence could be an important natural nutraceutical for sustainable farming of carp.
Keywords: ginger, nutraceutical, Labeo rohita, sustainable carp culture, antibiotics
INTRODUCTION
Freshwater aquaculture is an important source of protein worldwide. In South Asian countries, carps are the major freshwater cultured species, comprising around 85% of the total freshwater production for instance in India, contributing significantly to the economy and the reductions in poverty and nutritional insecurity. Among the three major Indian carps, L. rohita (commonly known as rohu) is the most preferred freshwater food species throughout the Indian subcontinent with a total production of 2.48 mmt (FAO, 2022). L. rohita is widely cultured under semi-intensive systems in India and its neighboring countries, with a yield of 3–5 tonnes·ha−1·year−1 (Rahman et al., 2006). In a semi-intensive pond-based aquaculture system, the dietary nutrient requirements of the farmed species are largely met through the consumption of natural food organisms produced endogenously within the pond and through the direct consumption of externally-supplied feed (Tacon and De Silva, 1997). Given the increasing demands on sustainable usage of primary resources, such as land and water, for the production of high-quality animal protein (Boyd et al., 2020), a great effort needs to be made to improve the semi-intensive farming systems, especially in the area of nutrition of fish farmed within such systems. Over the past few years, there has been a growing interest in using nutraceuticals, particularly those derived from sustainable and natural sources, in the fish feed to promote the growth performances and health status of farmed fishes, including carps (Mir et al., 2018) cultured in a semi-intensive pond farming system. The term nutraceutical is used to describe feed ingredients that demonstrate various health-beneficial effects in addition to their basic nutritional effects (Encarnação, 2016; Baruah et al., 2017). The multi-functional biological roles of the nutraceuticals for aquaculture species along with their easy accessibility, cost-effectiveness, and eco-friendly nature are some of the added advantages, which has encouraged their use in commercial aquaculture in different forms, i.e., whole plant, its parts (leaf, root or seed) or their extracts (Van Hai, 2015; Kaur et al., 2020).
Ginger (Z. officinale) is a creeping perennial underground rhizome belonging to the family Zingiberaceae, primarily grown in Asia (including India) and tropical regions, and is one of the most important and widely consumed herbs worldwide. Cultured for its edible underground stem (rhizome), ginger has been used since antiquity both as a condiment and as herbal medicine. The nonvolatile phenolic phytochemicals of ginger consist of gingerols, shogaols, paradols, and zingerone. Gingerols are a major active component in the fresh rhizome along with proteolytic enzyme namely Zingibain. These non-volatile components were reported to exhibit anti-inflammatory, immunological, and anti-bacterial bioactivities that are beneficial for the well-being of fish and shellfish (Ratna Shakya, 2015). In addition to its positive impact on health through its immune-enhancing effects, ginger has been proven to be a potent appetite enhancer and growth promoter due to its ability to improve the activity of digestive enzymes (Hassanin et al., 2014). A study carried out on juvenile common carp Cyprinus carpio had shown that ginger powder supplemented in the diet at a 2% inclusion level significantly enhanced the growth and biochemical composition of the fish (Abbasi Ghadikolaei et al., 2017). In another study on Oreochromis niloticus, feeding a diet supplemented with ginger at a 1% inclusion level was shown to cause a significant improvement in the growth performance and immune status of the fish (Hassanin et al., 2014). The beneficial effects of the ginger extract have also been demonstrated in rainbow trout Oncorhynchus mykiss (Dügenci et al., 2003) and Mozambique tilapia Oreochromis mossambicus (Immanuel et al., 2009), where feeding of a ginger extract supplemented diet at 1% inclusion level significantly improved many of the tested immune parameters i.e., lysozyme activity, total protein and globulin levels, phagocytic activity, and respiratory burst. Moreover, a challenge with Vibrio vulnificus showed an increase in the survival rate of Mozambique tilapia O. mossambicus fed a diet supplemented with ginger extract. In an earlier study on L. rohita fingerlings carried out under laboratory experimental conditions, Sukumaran et al. (2016) evaluated the nutraceuticals features of ginger powder focusing on the growth, skin mucus immune parameters, cytokine-related gene expression of L. rohita, and its resistance towards Aeromonas hydrophila bacterial challenge. After feeding for 60 days, the dietary ginger powder at a 0.8% inclusion level was shown to improve growth performance and skin mucosal immune response of L. rohita. Fish fed a diet with 0.8% ginger powder had the highest post-challenge survival, which was associated with the alteration in the expression of cytokine-related genes.
Until now, no validation study at least to our knowledge was conducted to determine the long-term effect of feeding ginger powder as a feed additive in the diet of L. rohita cultured under a semi-intensive system. Building upon the findings of Sukumaran et al. (2016), who examined the nutraceutical properties of ginger powder on L. rohita in a laboratory setting, we conducted a validation study by performing a nutritional experiment in a pilot field setting following semi-intensive farming practice to verify the nutraceutical properties of ginger.
MATERIALS AND METHODS
Experimental animal and maintenance
L. rohita fingerlings (n = 550) raised at the fish farm of the College of Fisheries, Guru Angad Dev Veterinary and Animal Sciences University, Punjab, India were used in this study. Before their use, the fingerlings were acclimatized to the experimental conditions for 15 days in 500-L tanks. During this period, they were fed a control diet at 3% of their body weight. After 15 days, the fingerlings with an average initial weight of 20.5 g were randomly distributed into five experimental groups with three replicates per group. Each group was maintained under an outdoor condition in a cemented experimental tank (20 m2) of 20,000-L water capacity at a density of 30 fish per tank. The bottom of the experimental tanks was covered with 1–2 inch soil to provide natural conditions. Lime was added at 300 kg·ha−1 for disinfection and balance of pH at the start of the experimental period. Water samples were collected fortnightly in the morning hours for the analyses of temperature, pH, dissolved oxygen, total alkalinity, total hardness, and ammonical nitrogen following standard protocols (APHA, 2012). The physicochemical parameters of rearing water viz. temperature (25.6–29.1°C), pH (7.2–8.6), dissolved oxygen (6.1–11.0 mg·L−1), total alkalinity (178.7–249.3 mg·L−1), total hardness (180.0–250.7 mg·L−1), and ammonia (0.009–0.09 mg·L−1) remained within the optimal range for carp culture throughout the experimental period (Boyd and Tucker, 1998).
Preparation of ginger powder and experimental diets
Fresh rhizomes of ginger were obtained from the local market of the district Ludhiana, Punjab, India. They were washed thoroughly, peeled into thin pieces, and air-dried for 48 h in shade, ground into a fine powder using a mixer grinder, and sieved using a household sifter (2 mm). Ginger powder (GP) was mixed at different inclusion levels with other previously grounded feed ingredients, and five experimental diets were prepared. One with no GP (control) and the other four with GP at the inclusion level of 5 g (GP5), 10 g (GP10), 15 g (GP15), and 20 g (GP20) per kg of control diet (see Table 1, for details).
TABLE 1 | Ingredients and formulation of the experimental diets for L. rohita used in this study.
[image: Table 1]The diets were prepared by mixing all the ingredients homogeneously followed by the addition of water to prepare the feed pellets through a hand pelletizer, which were dried at 60°C for 24 h and packed in air-tight containers for future use. The proximate compositions of the experimental diets (Table 2) were analyzed in triplicate following standard methods (AOAC, 2012). The fish in each group were fed twice daily (10:00 and 16:00 h) with ginger supplemented diets at 5% of the body weight for the first 60 days, and at 3% until day 120. The amount of feed given was adjusted after each sampling based on the increase in the fish weight.
TABLE 2 | Proximate composition (on % dry matter basis) of different feed ingredients and experimental diets.
[image: Table 2]Experimental design
Growth performance
The survival and the growth performance of the fish were determined at the monthly interval following standard procedures (Halver, 1976):
Survival (%) = Fish harvested/Fish stocked × 100
Weight gain (%) = [Final body weight (g) − Initial body weight]/Initial body weight (g) × 100
Specific growth rate (SGR; % weight gain day−1) = logarithm final body weight (g) − logarithm initial body weight (g)/t (time interval in days) × 100
Apparent feed conversion ratio (AFCR) = Feed given (g)/Weight gain (g)
Apparent protein efficiency ratio (APER) = Weight gain (g)/Protein intake (g)
Blood and serum collection
On day 60 and at the end (day 120) of the experiment, six fish were randomly sampled from each experimental tank and anesthetized with clove oil at 30–50 mg·L−1 (1 part clove oil and 9 parts 94% ethanol). Blood samples were collected from the caudal vein, using a 1.0 ml sterile disposable syringe, which was previously rinsed with heparin. For serum collection, the blood was collected without heparin and transferred to a 2 ml Eppendorf tube and kept for 6 h at room temperature followed by centrifugation at 2,200 g for 10 min. The supernatant was collected and stored at −20°C for the analysis of the haematological parameters, growth hormones, biochemical parameters, and liver enzymes.
Preparation of haemolysate
Blood samples were centrifuged at 2,200 g for 15 min and the supernatant was separated. The sedimented cells were washed thrice with chilled 0.85% NaCl solution. Washed erythrocytes were lysed with nine parts of distilled water to prepare 10% haemolysate. Haemolysate was stored in aliquots at −20°C for the determination of oxidative stress markers.
Analysis of hematological parameters and growth hormones
The red blood cells (RBC) and white blood cells (WBC) diluting fluids were used for determining RBC and WBC counts. Cell counts were performed using a haemocytometer. Hematocrit (Ht) was calculated following the method of (Mukherjee, 1988). The hemoglobin (Hb) concentration was estimated by the acid haematin method (Sahli, 1962). Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), and mean corpuscular haemoglobin concentration (MCHC) were calculated as previously described (Haney et al., 1992) using the following formulae:
[image: image]
Triiodothyronine (T3) and thyroxine (T4) were analyzed in the serum samples using commercial kits according to the manufacturer’s instructions (Erba Kits, Erba Mannheim, Germany)
Biochemical analyses
The level of glucose, high-density lipid (HDL), total cholesterol, and triglycerides in the serum samples collected at the end of the feeding trial were analyzed according to the method of the International Federation of Clinical chemistry using commercial kits (Erba Mannheim, Germany).
Analysis of liver enzymes
The activities of the alanine aminotransferase (ALT) and aspartate aminotransferase (AST) enzymes in the serum sample were analyzed following the method of the International Federation of Clinical chemistry using commercial kits (Erba Mannheim, Germany) (Fawole et al., 2017; Das et al., 2020).
Stress indices
Lipid peroxidation (LPO) and superoxide dismutase (SOD) were analyzed on the blood haemolysate samples that were collected at the end of the feeding trial. The SOD activity was measured following the protocol of (Nishikimi et al., 1972). The assay is based on the principle that the nitroblue tetrazolium inhibits superoxide dismutase with reduced nicotinamide adenine dinucleotide (NADH) mediated by phenazonium methosulphate under aerobic conditions. One unit of SOD activity was defined as the amount of enzyme necessary to produce a 50% inhibition of the nitroblue tetrazolium reduction rate measured at 550 nm. SOD activity was expressed as U·mg·L−1·Hb. LPO assay is based on the reaction of malondialdehyde, an end product of lipid peroxidation with thiobarbituric acid to yield a pink-colored trimethine complex exhibiting an absorption maximum at 548 nm (Placer et al., 1966).
Statistical analysis
Statistical analysis of the data was performed with a statistical package (SPSS 16.0 for Windows, SPSS Inc., Richmond, CA, United States). The data were analyzed using one-way ANOVA at a 5% significance level. The significant difference between the means was measured by Duncan’s multiple range test (Duncan, 1955).
RESULTS
Survival and growth performance
No significant differences were observed in the survival of the fish fed different experimental diets, suggesting that ginger, at least within the inclusion levels tested, caused no adverse effect on the survival of L. rohita fingerlings. Dietary supplementation of GP at 15 g·kg−1 of diet (GP15) caused a significant improvement in the growth indices of L. rohita fingerlings as indicated by an increment in the value of WG percentage, SGR, and APER by 32%, 3.2%, and 27.4%, respectively as compared to control (Table 3). Compared to the control group as well as that fed GP5 or GP15 diet, the group fed the GP15 diet exhibited lower AFCR (20.9% lower as compared to the control group) value but the difference was not significant. However, the GP15 group had a significantly lower AFCR value than the GP20 group.
TABLE 3 | Growth performance of the L. rohita after 120 days of feeding with diets supplemented with different levels of ginger powder.
[image: Table 3]Haematological parameters
The haematological parameters of the fish like Hb, RBC, WBC, Ht, MCV, MCH, and MCHC were analyzed on day 60 and day 120 of the feeding period. A significant increase in the RBC count was observed in the GP15 group both on day 60 and day 120. The WBC count and the Hb level showed a significant increase in the GP5 and GP15 groups on day 60, and in the GP15 group on day 120 as compared to control and other treatment groups (Table 4). In comparison to the control, a significant improvement in the Ht value was observed in the GP5, GP10, and GP15 groups on day 60 and in the GP15 group on day 120. A significant variation in the MCV, MCH, and MCHC values was observed among the different experimental groups. A maximum MCV value was recorded in the GP5 group on day 60 as well as in the GP5 group on day 120, the value in the GP5 group, however, did not differ significantly from that in the GP10 group. On day 60, the MCH value was recorded highest in the GP20 group and was not significantly different from the control, GP5, and GP10 groups. On day 120, the MCH value was maximum in the GP5 group, however, the value did not vary significantly from the control, GP10, and GP20 groups. The MCHC values in the control and GP20 groups did not differ significantly on days 60 and 120. The values decreased significantly in the GP5, GP10, and GP15 groups in comparison to the control.
TABLE 4 | Haematological parameters of L. rohita on day 60 and day 120 of the culture period in response to feeding diets supplemented with ginger powder at different inclusion levels.
[image: Table 4]Growth hormones
On day 60 of the feeding period, the dietary supplementation of GP caused no significant effect on the T3 hormone level. However, on day 120, the group fed the GP15 diet recorded the highest level of T3 compared to the control (Table 5). No significant difference in the level of T3 was recorded among the GP5, GP10, GP15, and GP20 groups. In the case of the T4 hormone, a maximum level of T4 was noted in the GP15 group, and the difference was significant when compared with the control (Table 5). On both days 60 and 120, the T4 level did not differ significantly between the groups fed GP-supplemented diets (Table 5).
TABLE 5 | Thyroid hormones of L. rohita on day 60 and day 120 of the culture period in response to feeding diets supplemented with ginger powder at different inclusion levels.
[image: Table 5]Biochemical parameters
Fish fed a GP15 diet for 120 days had the highest value of high-density lipids (HDL; Figure 1A), whereas the triglycerides value in this group was the lowest when compared with the control group (p ≤ 0.05; Figure 1B). The cholesterol level did not differ significantly among the different groups (Figure 1C). Dietary supplementation of GP caused a significant effect on the glucose level of the fingerlings, with the control group having the highest value as compared to all other ginger-fed groups (Figure 1D).
[image: Figure 1]FIGURE 1 | Effects of feeding various experimental diets for 120 days on the (A) high-density lipoprotein (HDL, mg·dl−1) (B) Triglycerides (mg·dl−1) (C) Cholesterol (mg·dl−1), and (D) Glucose (mg·dl−1) levels in the serum of L. rohita. Bars with different letters indicate significant differences (p < 0.05). Data are presented as mean ± standard error of three replicates.
Liver enzymes
On day 120, the activity of the ALT enzyme in the GP15 group was significantly lower than control. However, the activity of the enzyme in this treatment group was not significantly different from the GP5, GP10, and GP20 groups (Figure 2A). In the case of the AST enzyme, the group fed the GP5 diet exhibited the highest enzyme activity, however, was not significantly different from the control group, as well as from the GP10 and GP20 groups. GP15 group showed the lowest enzyme activity and was not significantly different from the control, GP10, and GP20 groups (Figure 2B).
[image: Figure 2]FIGURE 2 | Effects of feeding various experimental diets for 120 days on the activities of (A) ALT (IU·dl−1) and (B) AST (IU·dl−1) enzymes in the serum of L. rohita. Bars with different letters indicate significant differences (p < 0.05). Data are presented as mean ± standard error of three replicates.
Stress indices
The activity level of the SOD enzyme in the fish fed GP-supplemented diets for 120 days increased with an increase in the inclusion level of GP in the diet, with the highest being recorded in the GP15 group. Increasing the inclusion level of GP to 20 g·kg−1 did not further increase the SOD activity level. In contrast, the enzyme activity level in the GP20 group significantly decreased when compared with the GP15 group (Figure 3A). The LPO value in the control group was the highest, whereas that in the GP15 group was recorded as the lowest, and this difference was significant when compared between the two groups, as with the GP5, GP10, and GP20 groups (Figure 3B).
[image: Figure 3]FIGURE 3 | Effects of feeding various experimental diets for 120 days on the (A) SOD (U·mg·L−1·Hb) enzyme activity and (B) LPO (nmol·MDA·g·Hb−1) level in the serum of L. rohita. Bars with different letters indicate significant differences (p < 0.05). Data are presented as mean ± standard error of three replicates.
DISCUSSION
Antibiotics have traditionally been used not only as therapeutic agents but also as growth promoters for improving the growth and health performances of farmed fish (Acar et al., 2000). Owing to the health hazards caused by the residues of the antibiotics on the fish as well as on the consumers, there has been an increasing effort in finding nutraceuticals from natural sources that aid in promoting fish growth and health in a sustainable manner. In this study, we investigated the long-term effect of feeding ginger powder (GP) as a source of nutraceuticals on the growth performance and health status of L. rohita fingerlings cultured under a semi-intensive aquaculture system. The GP was supplemented into a basal diet at different inclusion levels and each of these experimental diets was fed daily to the fish for 120 days. Our results showed that no significant mortality in response to feeding ginger-supplemented diet. From this result, it can be suggested that ginger caused no harmful effect on fish, at least in our described experimental condition. Hence, it can be considered safe for use in fish feed. Over the past few years, several researchers studied the beneficial effects of feeding ginger on aquaculture species but many of these studies were conducted in laboratory settings (Payung et al., 2017; Swain et al., 2018). In our study, we investigated the nutraceutical properties of GP in a pilot field setting by focusing on both the growth and health performances of the target animals. The basal diet was prepared following a standard feed formulation used by the carp farmers to contain an average of 25% CP and 2.5% lipid levels. The nutrient levels in the diets were maintained at relatively low assuming that the requirement will potentially be compensated by the naturally-grown planktons. The results showed that supplementation of ginger powder in the feed at 15 g·kg−1 caused a positive influence on the growth indices of L. rohita fingerlings. During the rearing period of 120 days, the weight gain in the group fed GP at 15 g·kg−1 of diet (i.e., GP15 group) increased by about 32% compared to the control group fed the basal diet. This resulted in an FCR that was significantly lower for the GP15 fed group in comparison to the other groups. The observed growth-promoting effects of the ginger-supplemented diet may be explained by the improved nutrient digestibility of experimental diets with ginger incorporation (Talpur et al., 2013; Hassanin et al., 2014). Moreover, the stimulated secretion of intestine protease enzyme because of feeding ginger, and its resulting impact on improving the digestion and absorption of protein components from the experimental feed could also be one of the underlying factors behind the observed increment in the growth performance of the fish. In line with the findings of our present study, previous studies also revealed the positive effect of dietary ginger (in powder or extract form) on the growth performances of many farmed fish species like L. rohita (Sukumaran et al., 2016), C. carpio (Jafarinejad et al., 2020), O. mykiss (Nya and Austin, 2009), and L. calcarifer (Talpur et al., 2013). It is also noteworthy to mention that ginger was shown to influence the growth of beneficial intestinal bacterial population, which aid in the utilization of nutrients (Hoseini et al., 2018) leading to the improvement of growth as observed in this study.
We cultured the fish under natural rearing conditions in outdoor cemented tanks covered with 1–2 inch soil to produce live feed. We did not measure the concentration of the planktons that were grown in the different experimental tanks. However, their contribution to the growth performances of the fish could not be excluded.
The health status of an organism plays a crucial role in its growth and development. It has been suggested that the well-being of fish is positively correlated with the effective utilization of nutrients in the diet and the conversion of these nutrients into tissue biomass (Sukumaran et al., 2016; Jafarinejad et al., 2020). In this study, we, therefore, examined whether feeding a ginger-supplemented diet could cause health benefits in the L. rohita fingerlings. To this end, we analyzed a range of blood parameters that can reflect fish health conditions and nutritional metabolism; factors useful for determining the health status of the fish in response to dietary supplements (Gabriel et al., 2015). Hematological parameters are an important physiological indicator in the prognosis of health-related disorders in fish and are influenced by a range of factors including species, size, age, diets, physiological status, and environmental conditions (Parma et al., 2007). In the present study, our results showed a significant improvement in the hematological parameters like RBC, WBC, Hb, and Ht in the fingerlings fed with a diet supplemented with 10 g or 15 g of GP as compared to the control. The increase in Hb level may be attributed due to the increase in the size of RBC (El-Feki et al., 1993), which in turn could enhance oxygen supply. The improved Hb content in GP15 demonstrates increased oxygen supply consequently, reflecting a beneficial effect on fish health. In agreement with our study, authors have reported higher values of Hb and WBCs in beluga H. huso due to feeding diet supplemented with ginger at an inclusion level of 10 g·kg−1 of feed (Vahedi et al., 2017). The results in terms of increased RBC count in GP15 are comparable to those, who reported that the RBC count was significantly higher in rainbow trout O. mykiss after feeding with ginger supplemented diet (10 g·kg−1 of diet) (Nya and Austin, 2009). The WBC serves as one of the first lines of body defense and their numbers increase sharply when infections arise. The increase in WBC counts along with other hematological parameters following the feeding of a ginger-supplemented diet suggests the immuno-stimulatory effects of ginger (Nya and Austin, 2009). The Ht index is the volumetric percentage of erythrocytes in systemic circulation and depends on the number and size of erythrocytes. Higher Ht reveals the ability of the blood to transport oxygen, which in turn indicates a healthy condition of fish (Birchard, 1997). The increased number and size of erythrocytes or Hb in the blood thus is accompanied by elevated Ht in the group fed a diet supplemented with 15 g·kg−1 of GP. The beneficial effects of ginger supplementation on RBC, Hb, and Ht have also been reported in previous studies on L. calcarifer (Talpur et al., 2013) and O. mykiss (Nya and Austin, 2009).
The thyroid hormones T4 and T3 play an important role in fish growth, development, metabolism, and reproduction (Power et al., 2001; Blanton and Specker, 2007). At the end of the feeding trial, the concentrations of T3 and T4 hormones in the serum were significantly elevated in ginger-fed fish as compared to the control. The positive correlation between the tested thyroid hormones and the growth performances in the ginger-fed group indicated the involvement of these hormones in the growth and development of fish. In line with our findings, earlier studies in fish highlighted the role of these hormones in regulating growth and development as well as metabolism (Quesada-García et al., 2014).
Ginger contains several biologically-active classes of phytochemicals (e.g., polyphenols, flavonoids, alkaloids, and saponins). Among them, several saponins have been reported to exhibit antihyperlipidemic activity (Talpur et al., 2013). In this study, one of the interesting observations that were made was the significant difference in the triglycerides level between the control and GP15 groups, with the maximum value of triglycerides in the control group and the lowest in the GP15 group. However, it is also noteworthy to mention that no significant difference in the triglyceride levels was found between other ginger-fed treatments and the control. Our results are in accordance with the finding of Vahedi et al. (2017), who reported a significant reduction in the value of triglycerides levels in beluga Huso huso after feeding 15 g·kg−1 of ginger extract as compared to the fish fed a control diet. The exact reason behind such an observation remains unclear. However, one can argue that the higher bioavailability of the saponins and/or possibly other classes of bioactive components (e.g., phlobatannin and anthraquinones) might have caused hypotriglyceridemic effects (Verma et al., 1993; Talpur et al., 2013), an assumption that warrants further studies.
In contrast to what was observed for triglycerides levels, the HDL content was recorded as highest in the GP15 groups and the lowest in the control group but the total cholesterol levels remained unaltered in response to feeding dietary ginger. A high HDL cholesterol level is an indicator of the good health status of the fish, as it is known as good cholesterol because it helps to remove other forms of unhealthy cholesterol from the bloodstream (Gabriel et al., 2015). In line with our findings, higher serum HDL was observed in red sea bream Pagrus major fed a diet supplemented with Cnoglossum officinale (Ji et al., 2007) and in O. niloticus fed with Aloe vera (Gabriel et al., 2015).
The present study further demonstrated that the ginger-supplemented diet significantly decreased the blood glucose level in L. rohita compared to the control fish. The observed response is an indication that ginger, possibly through its bioactive compounds (such as gingerols, shogaols, paradols, and zingerone), could have enhanced the level of insulin during the course of the 120-day administration, leading to a decrease in blood glucose level (Sahu et al., 2007; Farahi et al., 2010). The findings of the present study in terms of decreased glucose level are in close agreement with the findings of previous studies conducted on L. rohita and Asian sea bass Lates calcarifer fed with garlic-supplemented diets (Sahu et al., 2007; Talpur et al., 2013).
Liver enzymes ALT and AST are one of the most commonly measured biomarkers for fish health (Canli et al., 2018). Significantly elevated levels of these enzymes indicate the existence of health problems, such as degeneration, necrosis, and destruction of the liver due to cellular damage (Bhardwaj et al., 2010). In this study, we did not observe a significant increase in the activities of ALT and AST enzymes in any of the ginger-fed groups. In fact, the GP15 group that showed the best growth performances exhibited lower activities of ALT and AST when compared with the control group. The observed effect in the GP15 group could be explained by the bioavailability of different classes of bioactive components from the ginger, possibly in the optimal level, which might have aided in the smooth functioning of the liver and in the protection against any possible cellular damage. The results of this study are in accordance with the findings that reported a lowering of liver enzymes in juvenile beluga, when fed with ginger-supplemented diets (Vahedi et al., 2017).
The improvement of antioxidant and hepatoprotective parameters in fish by functional plant ingredients is mediated by the nutraceuticals available in the ingredients (Goda, 2008). The majority of the active ingredients like gingerols, shogaols, and zingerone present in ginger are known to possess antioxidant activity, with a high capacity to scavenge free radicals (Chrubasik et al., 2005). These bioactive components in ginger are believed to enhance the body’s natural antioxidant against oxidative stress by increasing the amount and activity of the body’s natural antioxidant enzymes, such as liver SOD (Rajasekaran et al., 2005). According to the obtained results, the activity of the SOD enzyme was significantly elevated in the GP15 group in comparison to the control group. Such an elevation might have resulted in causing lipid peroxidation inhibition in the ginger-fed groups, with the most prominent being observed in the GP15 group. Authors have reported high activity of SOD in sobaity sea bream Sparidentex hasta when fed with diets supplemented with 0.1 g ginger kg−1 of feed (Jahanjoo et al., 2018). In another study on C. carpio, feeding of a diet supplemented with ginger extract at a dose of 2 g·kg−1 caused a significant improvement in the SOD activity (Mohammadi et al., 2020). Furthermore, (Şahan et al., 2016; Mahmoud et al., 2019), in Nile tilapia reported that ginger powder exhibited antioxidant activity against free radicals and significantly decreased the LPO level in the fish.
CONCLUSION
In essence, our results showed that dietary GP at 15 g·kg−1 of feed improved the growth performance and health status of L. rohita fingerlings cultured under a semi-intensive farming system. Due to the easy availability of this natural additive, it can be recommended to be used as a nutraceutical agent in the diet of rohu for its sustainable production. The modes of action of dietary GP in promoting growth performances and health status remained unclear. It is very likely several bioactive components available in the ginger possibly interact in a synergistic and/or additive manner to cause these beneficial effects. Further research needs to be carried out to study the underlying mechanism of action of ginger in L. rohita. Further studies are also needed for the effective use of this functional ingredient in other commercially important aquaculture species.
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