Impact of dietary administration of phytoestrogen genistein on somatic growth of Cyprinus carpio var. communis
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A 90-day feeding trail was carried out to evaluate the effect of dietary phytoestrogen genistein on growth performance of Cyprinus carpio var. communis. The trail consisted of three treatment groups (T1, T2, T3) and control (C), each group maintained in four replicates. Four experimental diets with 30% crude protein were formulated containing genistein @ 0.0, 0.4, 0.8 and 1.6 g/kg respectively in addition to the basal feed ingredients. The study evaluated different growth parameters specifically focusing on percentage weight gain, specific growth rate (SGR), feed conversion ratio (FCR), and protein efficiency ratio (PER). The highest weight gain (75.48 ± 0.22 %) and SGR (0.63 ± 0.01) were observed in treatment group T3 while the lowest weight gain (71.86 ± 2.30 %) and SGR (0.60 ± 0.01) were recorded in treatment group T1. Feed conversion ratio was observed to be highest in control group (4.82 ± 0.12) and lowest in treatment group T3 (4.50 ± 0.09).  Protein efficiency ratio was slightly higher in T1 and T3 (0.07 ± 0.002) compared to control and treatment group T2 (0.06 ± 0.002). Across all parameters, no statistically significant differences (p > 0.05) were observed among the treatment groups. The study suggests that genistein’s influence may be more prominent in relation to reproductive endpoints rather than somatic growth.	Comment by User: complete the units	Comment by User: complete the units	Comment by User: complete the units	Comment by User: complete the units
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2. INTRODUCTION

Aquaculture has become the fastest-growing method to produce food in the world, and is growing by about 11 % each year since 2011 (FAO, 2018). Because of this, demand for fish meal is increasing, resulting in a supply deficit. Feed companies and scientists are looking for other sources of protein for fish feed. Plant-based ingredients are being used as alternatives to fishmeal (Tacon and Metian, 2008). But plant proteins usually lack some important amino acids, and have presence of antinutritional factors. Some of the important plant protein ingredients that being used as good replacements for fishmeal include oilseeds like soybean, jatropha, cottonseed and canola, legumes like lupin and pea, cereal grains like corn and wheat, and protein concentrates from soy, canola and lupin (Kumar et al., 2012).
Over the last few years, interest in soybeans and soy-based products has increased owing to their nutritional and health benefits (Achouri et al., 2005). Soybean meal has been a successful replacer of fishmeal in aqua feed industries because of its high protein content, balanced amino acid profile, and low cost (Zhang et al., 2016). But this protein quality of soyabean is compromised by the presence of several anti-nutritional factors (ANF). One such anti-nutritional factor found in soyabean is the isoflavonoid class, which includes isoflavones and isoflavans, and is the largest group of phytoestrogens (Korach et al., 1997). The simplest isoflavonoid, Genistein, serves as a key intermediate in the synthesis of more complex isoflavonoids (Dixon and Ferreira, 2002). Genistein has a structure similar to that of 17-β estradiol which enables it to bind to estrogen receptors in animals and thus exerts estrogen like biological effects (Messina et al., 1994; Makarevich et al., 1997; Hopert et al., 1998). This binding influences the affinity of the estrogen receptor complex for various estrogen response elements (EREs) (Nikov et al., 2000).
Research studies on the effects of phytoestrogen genistein on fish growth have shown inconsistent findings. While many studies have reported neutral effects on fish growth, others have observed dose-dependent suppression in growth at high dietary genistein levels in some species such as, southern flounder at 1000 mg/kg (DiMaggio et al., 2016), yellow perch at 7.5 g/kg (And et al., 1999) and Nile tilapia at 3000 µg/g (Chen et al., 2015). These results imply that exceeding the toxicological threshold may impair growth performance, likely through reduced feed consumption or inhibited enzyme function. Contrary to this, studies have also reported improvements in weight gain and SGR at genistein concentrations of 100–500 mg/kg in common carp (Yang et al., 2002). Overall, the impact of genistein on fish growth is highly dependent on species, developmental stage, dosage, and rearing conditions, highlighting the necessity of considering these factors when assessing its effects. 	Comment by User: There are missing sentences that need to be completed. It would be better to add the results of previous research

3. METHODOLOGY

2.1 Experimental design and rearing conditions
A total of 192 common carp fishes (Cyprinus carpio var. communis) with an initial mean body weight of 55 ± 3 g were procured from the National Fish Seed Farm, Manasbal, Ganderdal. Upon arrival at the Fisheries Instructional Farm, Shuhama Alusteng, the fishes were subjected to prophylactic disinfection treatment with sequential dip treatment in 2 ppm KMnO₄ solution followed by a mild saline solution. The 90-day feeding trial was conducted following a completely randomised design with one control and three treatment groups, maintained in four replicates. The fishes were randomly distributed into 16 circular tubs (80 L capacity) with 12 fish per tub and acclimatized for 15 days on a basal diet containing 30% crude protein. To prevent the fishes from escaping, each tub was covered with protective net. Continuous aeration was maintained, cleaning and siphoning of tubs was done regularly. To maintain optimal water quality, approximately 50% of the water in each tub was exchanged every two days. 
2.2 Formulation of diets
Formulation of diet was carried out at the Fish Nutrition and Biochemistry Laboratory, Faculty of Fisheries, using Pearson’s Square Method. The basal ingredients including fish meal, mustard oil cake, rice bran, wheat bran, vegetable oil, and vitamin-mineral mix were sprocured from the local market, while genistein was obtained from Aritech Chemazone Pvt. Ltd., Haryana. All diets were isonitrogenous (30% protein) and isocaloric; the control diet (C) contained no genistein (0.0 g/kg genistein), whereas treatment diets T1, T2, and T3 contained 0.4, 0.8, and 1.6 g/kg genistein, respectively.  Dry ingredients were finely ground and sieved through standard mesh of 200 mm sieve.  Accurately weighed ingredients were then mixed to form a homogenous blend by adding a necessary quantity of water. The dough formed was then steam-cooked and cooled down to room temperature before adding vegetable oil and vitamin-mineral premix. Required amount of Genistein was dissolved in dimethyl sulphoxide (DMSO) or ethanol and sprayed on the homogenous blend. Pelleting of feed was carried out using a hand pelletiser with die size of 1mm. All pelleted diets were dried and stored separately in air tight containers for further use. Fish were fed daily at 3% of their body weight in two equal portions, morning and evening. The feed composition for the experiment is given in Table 1.

Table 1. Ingredient composition of experimental diets
	Ingredients (%)
	Control (C)
	T1
	T2
	T3

	Fish meal
	25.63
	25.63
	25.63
	25.63

	Mustard oil cake
	25.63
	25.63
	25.63
	25.63

	Rice bran
	20.87
	20.85
	20.83
	20.79

	Wheat bran
	20.87
	20.85
	20.83
	20.79

	Vegetable oil
	5
	5
	5
	5

	Vitamin mineral Mixture
	2
	2
	2
	2

	Genistein
	0
	0.04
	0.08
	0.16

	Total
	100
	100
	100
	100



2.3 Measurement of growth parameters
The initial weight of the fish was recorded and sampling was carried out at 15-day intervals to analyse the growth parameters. Prior to weighing, the fishes were starved overnight. An electronic weighing balance was used for recording the weight of the fish. The following growth parameters were subsequently recorded.
2.3.1 Percentage weight gain (%)
The percentage weight gain is defined as the amount of weight gained over a given period of time in relation to total weight. The percentage weight gain was calculated using the following formula:

2.3.2   Specific growth rate (%)
Specific growth rate (SGR) is used to estimate the production of fish after a certain period of time. The Specific Growth rate was calculated by the following formula:

2.3.3   Feed Conversion Ration
Feed Conversion Ratio (FCR) is defined as the relation between the input of the feed and the weight gain of population. The Feed Conversion Ratio was calculated by the following formula:

2.3.4   Protein efficiency ratio
Protein efficiency ratio was estimated by the following formula:

 2.4   Statistical Analysis of Data 
The data obtained in the present research work was tabulated and analysed using standard statistical software-Microsoft Excel and SPSS for windows (version 20).
4. RESULTS AND DISCUSSION	Comment by User: The results and discussion should be arranged based on objectives such as SGR, FCR, PER..... to make it easier for readers to understand.

The dietary administration of phytoestrogen genistein at concentration of 0.4, 0.8, and 1.6 g/kg did not elicit any statistically significant effects on the growth performance of common carp, Cyprinus carpio var. communis. The one-way ANOVA results indicated no significant differences among the four dietary groups in terms of percentage weight gain (PWG), specific growth rate (SGR), feed conversion ratio (FCR), or protein efficiency ratio (PER) (P > 0.05 for all parameters). Although the results were not statistically significant, certain numerical trends were observed among the treatments. The group fed with the highest concentration of genistein (T3; 1.6 g/kg) showed the highest mean percentage weight gain (75.48 ± 0.98%) and specific growth rate (0.63 ± 0.01 %/day). In contrast, the lowest percentage weight gain (71.86 ± 2.30%) and specific growth rate (0.60 ± 0.01 %/day) were recorded in the group receiving 0.4 g/kg of genistein (T1). The T3 group also demonstrated the most favourable feed conversion ratio (4.57 ± 0.10), representing a 5.2 % improvement over the control group, which showed the least favourable FCR (4.82 ± 0.14). The protein efficiency ratio was slightly higher in the T1 and T3 groups (0.07 ± 0.002) than in the control and T2 groups (0.06 ± 0.002) (Table 2). Figure 1 illustrates the comparative growth performance of Cyprinus carpio var. communis. The stacked bar graph shows the combined trends of different growth parameters for each treatment group.  	Comment by User: provide an explanation of why it does not affect some of the parameters studied
The findings in the present study align with those of Jourdehi et al. (2014), who examined the effect of dietary soy phytoestrogen Genistein on growth parameters in farmed female beluga sturgeon, Huso huso. Their study found that different concentrations of purified Genistein (0.0, 0.2, 0.4, 0.8 and 1.6 g/kg) did not produce significant differences in growth rate (GR), food conversion ratio (FCR), specific growth ratio (SGR) and protein conversion ratio (PER) compared to that of control group. Similarly, Inudo et al. (2004) also reported no significant differences in total length and body weight of adult mature male/female pairs of medaka (Oryzias latipes) at different concentrations of Genistein. Pollack et al. (2003) also reported no notable variation in body weight gain between control and any of the treatment groups when Genistein was included in the diet of striped bass Morone saxatilis at concentrations (2mg/g and 8mg/g). Consistent findings have also been reported by Turker and Bozcaarmutlu (2009) and Torno et al. (2018), who reported no significant effect of Genistein on growth related parameters in common carp and rainbow trout respectively. Fickler et al. (2019) while studying the dietary effect of Genistein on DHA biosynthesis in rainbow trout (Oncorhynchus mykiss) reported that the dose of 1.5 g/kg DM dietary Genistein seemed to have no effect on the growth performance of rainbow trout. Also, the feed conversion ratios were not affected in response to dietary Genistein treatment. Genistein did not affect feed conversion negatively but induced a significant reduction in feed intake. Authors assumed that the bitterness of phytochemicals partly contributed to the decrease in feed intake. 
[bookmark: _Hlk210833825][bookmark: _Hlk210833837]In contrast, DiMaggio et al. (2016) and And et al. (1999) have reported negative effects of Genistein on fish growth, with the former noting reduced growth in southern flounder at high doses (1000 mg/kg feed), and the latter observing decreased lengths and weights in female yellow perch (Perca flavescens) at Genistein concentration of 7.5 g/kg feed. Another study conducted by Chen et al. (2015) have also reported negative growth performance in Nile tilapia while feeding a diet containing 3000 µg/g Genistein. However, a positive influence of Genistein on fish growth performance has been demonstrated by Bagheri et al. (2014) who reported an increase in growth of goldfish (Carassius auratus) when fed with a diet containing a mixture of Daidzein and Genistein (67.82 and 75.83 mg/kg feed respectively) in comparison with diets containing lower levels of the isoflavone mixture. Likewise, Yang et al. (2022) have also reported a significant improvement in growth performance with higher FBW, WGR and SGR in common carp fed with diet containing 100 and 500 mg/kg of Genistein.  The absence of significant growth effects in the present study may be attributed to factors other than dietary concentration, as the levels of Genistein used (0.4-1.6 g/kg feed) have been reported in previous studies to produce varied outcomes. For instance, positive growth effects in Cyprinus carpio var. communis have been observed at lower concentrations (0.1-0.5 g/kg; Yang et al., 2021) while negative growth responses have been documented at similar doses (1 g/kg; DiMaggio et al., 2016) and higher doses (3 g/kg; Chakraborty et al., 2015) in other fish species. Such inconsistencies may be related to differences in species-specific Genistein metabolism and bioavailability. Similar to the present findings, some studies have shown limited or no impact on growth in other fish species such as rainbow trout and gold fish (Fickler et al., 2019; Bagheri et al., 2014). These findings suggest that Genisteins influence may be more prominent in relation to reproductive end points rather than somatic growth.

Table 2. Growth performance of Cyprinus carpio var. communis fed diets with graded levels of genistein
	Parameter
	Control (C)
	T1 (0.4 g/kg)
	T2 (0.8 g/kg)
	T3 (1.6 g/kg)
	P-value

	Initial Weight (g)
	55.12 ± 0.21
	55.08 ± 0.19
	55.15 ± 0.24
	55.05 ± 0.17
	> 0.05

	Final Weight (g)
	94.91 ± 3.02
	94.62 ± 3.81
	95.89 ± 2.11
	96.59 ± 1.65
	> 0.05

	Percentage weight gain (%)
	72.19 ± 1.83
	71.86 ± 2.30
	73.82 ± 1.05
	75.48 ± 0.98
	> 0.05

	Specific growth rate (%/day)
	0.61 ± 0.01
	0.60 ± 0.01
	0.62 ± 0.01
	0.63 ± 0.01
	> 0.05

	Feed conversion ratio
	4.82 ± 0.14
	4.73 ± 0.14
	4.67 ± 0.40
	4.57 ± 0.10
	> 0.05

	Protein efficiency ratio
	0.06 ± 0.00
	0.07 ± 0.00
	0.06 ± 0.00
	0.07 ± 0.00
	> 0.05



Fig. 1. Stacked bar graph illustrating the growth performance of Cyprinus carpio var. communis fed with diets containing graded levels of genistein.
5. 
6. CONCLUSION
This study shows that the dietary administration of genistein in fish feed at graded levels did not cause any significant change in weight gain, growth rate, feed conversion ratio, or protein efficiency in Cyprinus carpio var. communis during the experimental period of 90-days. These results are possibly attributed to differences in dosage used, developmental stage, species specific genistein metabolism and bioavailability. Genistein- a phytoestrogen is reported to influence the reproductive development in fish. So, this study highlights that evaluating only growth parameters is not enough to understand the impact of such bioactive feed ingredient. Future research should incorporate assessment of molecular mechanisms to better conceptualize how genistein and other phytoestrogens affect fish physiology and reproduction.
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