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Effect of Dietary supplementation of Brahmi (Bacopa monnieri) on growth, survival and gut histology of Nile Tilapia (Oreochromis niloticus) 
 
ABSRACT
Brahmi (Bacopa monnieri), is one of the improtant medicinal herbs used extensively in Ayurvedic medicine for the treatment of various ailments and is also having proven, overall health promoting action. With its various classes of bioactive compounds like the Terpenoids, Saponins, Flavonoids, Phenylethanoid glycosides and Alkaloids, Brahmi exhibits the overall health improvement effect. In the present research work, the effect of dietary supplementation of  B. monneri on the growth, survival and gut histology of O. niloticus  was studied. Three test diets, T1, T2, T3 and a Control (T0) with 30% crude protein were formulated. 0.5% of Brahmi (T1), 1.0% of Brahmi (T2), 2.0% of Brahmi  (T3) were incorporated in the test diets and diet without any Brahmi, served as a control (T0). In the present study, Weight Gain (249.86±3.921), Specific Growth Rate (SGR) (1.39±0.03%)  and Protein Efficiency Ratio (PER) (4.30±0.30%) were significantly higher in T3 when compared to the other treatments and the control (p < 0.05). Significantly better Food Conversion Ratio (FCR) was observed in T3 (1.10±0.07) followed by other treatments and the Control (p < 0.05). In the present study, dietary supplementation of Brahmi improved the overall health of Nile Tilapia when compared to the control. Significantly higher survival percentage of 100% was observed in T3 followed by other treatments and the control (p < 0.05) in the present study. The treatment T3 exhibited longer and wider villi when compared to T2, T1 and Control. The Villi were longer and wider in all the treatments when compared to that of the control. It is clearly evident from the results of the present study that Brahmi is having  overall health promoting effect when fed as a dietary supplement to Nile Tilapia and it is recommended to use Brahmi as a dietary supplement in Nile Tilapia at a rate of 2% in the feed for the best growth promoting effects.
Keywords: Oreochromis niloticus, Bacopa monnieri, Weight Gain, SGR, FCR, PER, Survival rate, Gut histology
1. INTRODUCTION
The aquaculture industry in India is growing at a rapid pace with India occupying 2nd place in the world with respect to aquaculture production. The outbreak of fish diseases in aquaculture is a serious problem leading to heavy economic losses for the fish farmers (Subasinghe et al., 2001; Austin et al., 2016). The development of multi drug resistant (MDR) fish pathogens due to the indiscriminate use of antibiotics in fish farms has lead to heavy crop losses in aquaculture (Miller and Harbottle, 2017; Aich et al., 2018). These chemotherapeutic agents have lot of safety and environmental issues and hence, as an alternative, more increasingly, herbal nutraceuticals in the fish feed are being used as a prophylactic measure in the aquaculture industry (Sakai, 1999; Citarasu, 2010; Asadi et al., 2012; Yilmaz et al., 2013). The dietary inclusion of herbal nutraceuticals is an eco-friendly approach and considered as one of the most effective means for disease prevention in aquaculture (Nayak, 2010). Brahmi (Bacopa monnieri), belonging to the Family, Scrophulariaceae, is one of the improtant medicinal herbs and is extensively used in Ayurvedic medicine for the treatment of a wide range of disease conditions. It is also having proven, overall health promoting action (Patra et al., 2018; Srivastava et al., 2019). Brahmi is rich in various classes of bioactive compounds like the Terpenoids, Saponins, Flavonoids, Phenylethanoid glycosides and Alkaloids which bring about the overall health improvement effect (Kishore et al., 2016). Nile tilapia (Oreochromis niloticus) contributes to 7.9% of the total world finfish production and occupies third position in the world. It is one of the important and most cultivated fresh water fin fish species worldwide (Amin et al., 2019; Doan et al., 2019). The effect of B. monneri on improving the overall health of O. niloticus, has not been studied much and hence, the present research work was carried out with the objective of studying the effect of dietary supplementation of B. monneri on the growth, survival and gut histology of O. niloticus.
2. MATERIALS AND METHODS
300 L capacity cement tanks, in an indoor system were used in the present study at the field lab of the Research and Instructional Fish Farm of the College of Fisheries, Mangaluru to investigate the effect of dietary incorporation of Bramhi                                                                                                                                                                                                                                                                                                              (Bacopa monnieri) on growth, survival and  and gut histology of Nile tilapia (O.niloticus) for a period of 90 days.
Fish meal, groundnut oil cake, rice bran and tapioca flour were procured from the local market in Mangaluru. From the super market in Mangaluru, Brahmi (B. monneri) powder was procured. From VIRBAC Animal Health India Pvt.Ltd., Mumbai, India, the Vitamins and Mineral premix was procured. By grinding and sieving, all the coarse ingredients were converted into particles of uniform size. They were packed in high density polyethylene bags and stored in a refrigerator at (4°C) till further use. Using the standard methods (AOAC, 2005), the proximate composition of feed ingredients and diets was analyzed. KjelTRON system (Tulin) was used for crude protein estimation. Soxtec System (Pelican Ltd.) was used for the crude lipid estimation. Muffle furnace was used at 550°C for 4 h for the estimation of ash.  Hot air oven was used at 105°C till a constant weight was achieved for the estimation of moisture. Fibra Plus (Pelican Ltd.) equipment was used to estimate the crude fibre. Difference method (Hastings, 1976) was used for the estimation of by nitrogen-free extract (NFE).
Using the square method (Hardy, 1980), three test diets, T1, T2, T3 and a control (T0) with 30% crude protein were formulated. 0.5% of Brahmi (T1), 1.0% of Brahmi (T2), 2.0% of Brahmi  (T3) were incorporated in the test diets and diet without any Brahmi, served as a control (T0) (Table 1). The required quantities of ingredients were weighed accurately, mixed and hand kneaded to required consistency with just sufficient quantity of water (1: 0.8) to get a smooth dough. The dough so obtained was cooked under steam in a pressure cooker at 105 °C for 20 to 30 minutes. The cooked feed was cooled to room temperature by spreading in an enamel tray and and vitamin-mineral premix were added, mixed and blended. The dough was passed through a die of 3 mm diameter of a pelletizer. Pellets were dried in a hot air oven at 60 °C till the moisture content was reduced to less than 10%. Diets were packed separately in high density polythene bags, labelled and stored in a refrigerator till further use.	Comment by Adi Susanto: In Table 1, the proximate analysis results of each test feed are still unclear, please present the nutritional quality tests of the feed.
From the College of Fisheries, Mangaluru, Karnataka, India, Nile tilapia fry were procured and acclimatized to the experimental conditions for two weeks in 1000 L circular, FRP tanks and fed with basal diet at the Research and Instructional Fish Farm, College of Fisheries, Mangaluru, Karnataka, India.
Nile tilapia fingerlings with an average weight and length of 7.5 g and 7.0 cm respectively were stocked at the rate of 15 numbers/ tank. The experiment was carried out for a period of 90 days. Faecal matter and leftover feed were removed once in a week.	Comment by Adi Susanto: Present the Standard Deviation (SD) data for the average weight and length of the fish used in the study.




Table 1. Composition of different ingredients in the experimental diet of different treatments	Comment by Adi Susanto: Table 1. Composition of ingredient in experiment diet (% dry matter)
	Ingredients (%)
	control
	T1
	T2
	T3

	Fish meal
	28.88
	28.88
	28.88
	28.88

	Ground nut oil cake
	28.88
	28.88
	28.88
	28.88

	Rice bran
	20.07
	19.57
	19.07
	18.07

	Tapioca
	21.12
	21.12
	21.12
	21.12

	Vitamin-mineral mixture
	1.00
	1.00
	1.00
	1.00

	Bramhi
	0
	0.5
	1
	2

	Total
	99.95
	99.95
	99.95
	99.95



Fish were fed at the rate of 5% of body weight till the end of the experiment. The feed was broadcast over the surface of water twice daily in the morning and evening. After each sampling, the quantity of feed given was re-adjusted based on the increased weight of fish.
Water quality parameters were maintained within the normal range throughout the experimental period. Water samples were collected every fortnight. The water samples were analyzed for temperature, pH, dissolved oxygen, dissolved carbon dioxide, NH3-N and total alkalinity. Digital pH meter (Elico Ltd.,India, Model LI 613) was used to measure the pH. Atmospheric temperature and water temperature were recorded by using standard thermometer. Dissolved oxygen was estimated by Winkler's method. Total alkalinity, NH3-N and dissoled carbon dioxide were estimated by standard methods (APHA, 1995).
The fishes were sampled every fortnight to assess the growth and survival. The stocked fish were collected during each sampling and measured individually for length and weight. The fish were reared for the treatment period of 90 days and the final sampling was done for recording growth and survival. 
Total weight gain
Total weight gain was expressed as weight gain % of initial weight.
Weight Gain(g) = Mean final weight (g)  - Mean initial weight (g)
% Weight Gain = [(Mean final weight -Mean initial weight)/(Mean initial weight)] × 100
Specific growth rate (SGR% /day)
Specific growth rate was calculated by using the following formula:
SGR (% /day) = [In final weight - In initial weight/ days] × 100
The calculated value gives the average percentage increase in weight per day over the entire duration of the experiment.
Food conversion ratio (FCR)
Food conversion ratio (FCR) is the amount of dry feed fed per unit of live weight gain, which was calculated using following formula:
FCR = Dry weight of the feed given (g) / Gain in weight of fish (g)
Protein efficiency ratio (PER)
Protein efficiency ratio (PER) is the live weight gain per unit of crude protein fed. It was calculated as:
PER = weight gain / feed consumed x percentage of protein in feed	Comment by Adi Susanto: PER = Weight gain/(Feed consumed x % of protein in feed)

Survival
Survival was calculated as the difference between the number of live animals at the beginning and at the end of the experiment and expressed in percentage.
At the end of the experiment, the fish from each treatment groups were randomly selected and dissected out to get the gut and liver. Whole organs were fixed and in the case of large sized organs, the tissue blocks from the respective organs were excised and fixed. During cassetting, each tissue block was cut into smaller pieces and cassetted separately. The fixed tissues were processed using an automatic tissue processor and embedded in paraffin wax. Sections were cut at 5-6µ thickness and stained with Haematoxyline and Eosin (Bullock, 1989).
The data were expressed as Mean ± SE. One-Way Analysis of Variance (ANOVA) technique was used using SPSS software version 22 for the statistical analysis of the Mean growth and survival of fish in response to different formulated test diets for all the treatments. By using Duncan’s multiple range test (DMRT), comparision of significant differences among the treatment means was done. The level of significance was tested at 5% level.
3. RESULTS AND DISCUSSION
The study was carried to investigate the effect of Brahmi (B. monnieri) on growth, survival and gut histology of Nile tilapia (Oreochromis niloticus) reared in cement tanks with treatment diets T1, T2 and T3 with a control (T0) for a period of 90 days at the Research and Instructional Fish Farm, College of Fisheries, Mangaluru. 
3.1 Growth Performance and Survival of Nile tilapia
In the present study, percent weight gain was significantly higher in T3 (249.86±3.921) when compared to other treatments and the control (Table 2)(p < 0.05). In the present investigation, significantly higher Specific Growth Rate (SGR) was observed in T3 (1.39±0.03%) when compared to the other treatments and the control (Table 2) (p < 0.05).  In the present study, significantly better Food Conversion Ratio (FCR) was observed in T3 (1.10±0.07) followed by T2 (1.36±0.053), T1 (1.40±0.023) and the Control (1.49±0.025) (Table 2) (p < 0.05).   In the present investigation, significantly higher Protein Efficiency Ratio (PER) was observed in T3 (4.30±0.30%) followed by T2 (4.20±0.05), T1 (3.83±0.14) and the Control (3.73±0.28) (Table 2) (p < 0.05).  In the present study, the growth parameters of weight gain, SGR, FCR and PER were enahanced by the dietary supplementation of Brahmi which improved the overall health of Nile Tilapia when compared to the control. Growth rate and FCR are important metrics for assessing the effect of herbal nutraceuticals in in the fish feed (Hoseinifar et al., 2018; Rashidian et al., 2020). It has been demonstrated that the beneficial effects of medicinal herbal supplements in the fish feed are influenced by factors such as species, age, size and any stress circumstances present during the rearing phase (Reverter et al., 2017). The results of the present study are in agreement with those of Abdelhamid et al.(2012) who reported that doses of 1% and 2% of Fenugreek seeds increased SGR and improved FCR in Nile tilapia (O. niloticus). Similar results of significantly higher growth rate and FCR were reported by Sun et al.(2021) in grouper, when fed with a diet incorporated with Dandelion extracts. On the contrary, Cho      et al.(2007) opined that medicinal herbs usually have a high fiber content, which could negatively impact the growth rate and FCR of fish. Contradictory observations were also made by Niroomand et al.(2020) who reported that inclusion of black cumin seed cake in the diet at 5%, retarded Weight Gain and SGR of shrimp. 
In the present study, significantly higher survival percentage of 100% was observed in T3 followed by T2 (95%), T1 (85%) and the control (70%)(Table 3) (p < 0.05). It is clearly evident from the results of the present study that Brahmi is having a health promoting effect when fed as a dietary supplement to Nile Tilapia. The results of the present study are in agreement with those of  Pratama and Mukti (2021) who reported significantly higher survival rate of 98.57% when compared to the control (85.15% ) in cat fish (Clarias sp.) fed with a dietary supplement of herbal mixture of  Turmeric, Kencur, Ginger and Tamarind.  
Table 2. Weight gain, Specific Growth Rate (SGR), Food Conversion Ratio (FCR) and Protein Efficiency Ratio (PER) of Nile tilapia under different treatments and control 
	Treatment
	Weight gain (g)
	SGR	Comment by Adi Susanto: Add the unit (%/day)
	FCR
	PER

	Control
	214.57±2.310c
	1.27±0.05a
	1.49±0.025a
	3.73±0.28a 

	T1
	253.25±5.294a
	1.38±0.02b
	1.40±0.023b 
	3.83±0.14a 

	T2
	212.17±3.054d
	1.24±0.09a
	1.36±0.053b
	4.20±0.05b

	T3
	249.86±3.921b
	1.39±0.03b
	1.10±0.07c
	4.30±0.30b


Data are expressed as mean ± standard deviation (M ± SD). Values with different superscript letters in the same column are significantly different (p < 0.05)
Table 3. Survival rate of Nile tilapia under different treatments and control 
	Treatment
	Survival
(%)

	Control
	70 a

	T1
	85 b

	T2
	95 c

	T3
	100 c


Values with different superscript letters in the same column are significantly different                    (p < 0.05)

3.2 Gut Histology of Nile tilapia
The role of intestinal villi in the absorption of nutrients is very important and increased intestinal villi length and width increases the absorptive surface area of the digestive tract (Munglue et al., 2019). In the present study, the treatment T3 exhibited longer and wider villi when compared to T2, T1 and Control. The Villi were longer and wider in all the treatments when compared to that of the control (Fig.1). The intestinal tract is not only the main location for digestion and absorption of nutrients, but also the intestinal mucosa forms the first line of immune barrier (Huang et al., 2018). The greater the length and width of intestinal villi, the greater will be the absorptive area and the better will be the absorption of nutrients and assimilation which is reflected in better growth (Zhang et al., 2020). It is evident from the results of the present study that, Brahmi definitely is having a growth promoting effect (Fig.1). The results of the present study are in agreement with those of Ferreira et al. (2016) who observed that, Oregano Essential Oil (OEO) increased the length and width of intestinal villi and thereby  enhanced the processes of digestion and absorption and promoted growth in Yellow Tail Tetra (Astyanax altiparanae). Similar findings were reported by Latif et al.(2020) who observed that,  feeding dietary OEO to fingerlings of Common Carp (C. carpio) increased the villi length and width in the mid-intestine, which improved growth performance of fish. On the contrary, Heidarieh et al. (2013) reported that, dietary supplementation of Aloe Vera in Rainbow Trout at the rate of     0.1–10 g / Kg had no effect on the length and width of intestinal villi of the fish.
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Fig. 1. Histology of midgut of Nile Tilapia: a)&e) –Control; b) &f)- T1; c) & g)- T2 ;                         d) &h)- T3 (a-d: 10X; e-h: 40X), Lum-Lumen, V-Villi, VL-Villus Length, VW-Villus Width, M-Mucosa, MS-Musculosa, S-Serosa, GC-Goblet Cell, LP-Lamina Propria,                     IC-Intestinal Crypt
4. CONCLUSION  	Comment by Adi Susanto: The conclusion should directly address the research objectives. Focus solely on the best Brahmi supplementation in this study.
Herbal nutraceuticals are eco-friendly and considered as one of the most effective means for disease prevention in aquaculture. Brahmi (Bacopa monnieri), is one of the improtant medicinal herbs used extensively in Ayurvedic medicine for the treatment of various ailments and is also having proven, overall health promoting action. With its various classes of bioactive compounds like the Terpenoids, Saponins, Flavonoids, Phenylethanoid glycosides and Alkaloids, Brahmi exhibits the overall health improvement effect. In the present research work, the effect of dietary supplementation of  B. monneri on the growth, survival and gut histology of O. niloticus  was studied. Three test diets, T1, T2, T3 and a Control (T0) with 30% crude protein were formulated. 0.5% of Brahmi (T1), 1.0% of Brahmi (T2), 2.0% of Brahmi  (T3) were incorporated in the test diets and diet without any Brahmi, served as a control (T0). In the present study, weight gain was significantly higher in T3 (249.86±3.921) when compared to the other treatments and the control (p < 0.05). Significantly higher Specific Growth Rate (SGR) was observed in T3 (1.39±0.03%) followed by the other treatments and the control (p < 0.05) in the present investigation.  Significantly better Food Conversion Ratio (FCR) was observed in T3 (1.10±0.07) followed by other treatments and the Control (p < 0.05).   In the present study, significantly higher Protein Efficiency Ratio (PER) was observed in T3 (4.30±0.30%) followed by other treatments and the Control (p < 0.05).  In the present study, the growth parameters of weight gain, SGR, FCR and PER were enahanced by the dietary supplementation of Brahmi which improved the overall health of Nile Tilapia when compared to the control. In the present investigation, significantly higher survival percentage of 100% was observed in T3 followed by other treatments and the control (p < 0.05). In the present study, the treatment T3 exhibited longer and wider villi when compared to T2, T1 and Control. The Villi were longer and wider in all the treatments when compared to that of the control. It is clearly evident from the results of the present study that Brahmi is having overall health promoting effect when fed as a dietary supplement to Nile Tilapia and it is recommended to use Brahmi as a dietary supplement in Nile Tilapia at a rate of 2% in the feed for the best growth promoting effects.
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  1     Original Research Article   Effect of Dietary supplementation of Brahmi ( Bacopa monnieri ) on  growth,  survival and gut histology   of Nile Tilapia ( Oreochromis niloticus )        ABSRACT   Brahmi ( Bacopa monnieri ), is one of the improtant medicinal herbs  used   extensively in  Ayurvedic medicine for the treatment of  various ailments and is  also having proven, overall  health promoting action.  With its v arious  classes of  bioactive compounds like the Terpenoids,  Saponins, Flavonoids, Phenylethanoid glycosides and Alkaloids ,   Brahmi exhibits  the overall  health improvement effect.  In the  present  research work,   the effect of dietary supplementation  of    B. monneri   on the growth, survival and gut histology of  O. niloticus     was   studied. Three test  diets, T 1 , T 2 ,  T 3   and a Control (T 0 )  with 30%  crude  protein were formulated . 0.5% of Brahmi   (T 1 ), 1.0% of Brahmi (T 2 ), 2.0% of Brahmi  (T 3 ) were incorporated in the test diets and  diet  without any  Brahmi, served as a control   (T 0 ) .   In the present study,  Weight G ain   (249.86 ±3.921) ,   Specific Growth R ate   (SGR)   ( 1.39±0.03 %)    and Protein Efficiency R atio   (PER)   ( 4.30±0.30%)  were significantly higher in  T 3   when compared to the other treatments  and the control  (p  <   0.05) .   Significantly better Food Conversion R atio   (FCR)   was   observed in  T 3   ( 1.10 ±0.07 ) followed by other treatments and the Control  (p  <   0.05) .   In the present study,  dietary supplementation of Brahmi improved the overall health of Nile Tilapia when compared  to the control.   S ignificantly higher survival percentage of 100% was observed in T 3   followed  by other treatments and the control  (p  <   0.05 )   in the present study .  T he treatment T 3   exhibited  longer and wider villi when compared to T 2 , T 1   and Control. The Villi were longer and wider  in all the treatments when compared to that of the control. It is clearly evident from the results  of the present study that Brahmi is having  overall health promoting effect when fed as a dietary 

