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ABSTRACT

	Aims: Feed-based aquaculture is one of the most dynamic and profitable sectors of global fish production. With the rising application of additives in feed-based aquaculture systems in Bangladesh, a feeding trial was conducted to assess the effects of exogenous enzyme-enriched feeds on the growth, flesh composition, and palatability of an Indian major carp, Catla catla.
Study design: A commercial feed additive (Aquazyme Plus) served as an enzyme source at doses of 0, 2, 4, and 6 g/kg feed to prepare four test feeds designated as four treatments, namely T1 (control), T2, T3, and T4, respectively. The four treatments were organized in a fully randomized designthroughout the fixed cages, with three replications for each.
Place and Duration of Study:The experiment was carried out over three months(from April to June 2021) in 12 cages located in a fish pond at the Department of Fisheries, University of Rajshahi, Bangladesh.
Methodology: Parameters of growth and feed utilization, including weight gain, specific growth rate (SGR), feed conversion ratio (FCR), and survival rate, along with the proximate composition of muscle tissues (e.g., crude protein, lipid, carbohydrate, ash, and moisture content) and palatability properties (e.g., flavor, taste, and texture) of cooked flesh, were assessed using standardized methods and formulas.
Results: The findings showed notably greater weight gain (321.83±9.36) and SGR (1.10±0.015) in the fish from T4, followed by those from T3, T2, and T1. The fish in T4 showed the best FCR value (2.11±0.13), in addition to greater flesh protein (17.88±0.34) and lipid (3.21±0.23) content than the other treatments. The sensory evaluation of organoleptic qualities revealed that the muscle tissues from T4 received the highest palatability scores, while the control fish had the lowest scores.
Conclusion: The addition of exogenous enzymes to the diets enhances the growth, flesh quality, and palatability of C. catla, with the supplement at 6.0 g/kg feed showing superior outcomes for this fish species. 
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1. INTRODUCTION

Aquaculture is recognized as the most rapidly expanding sector of agribusiness, making it an important part of the worldwide food supply (FAO, 2014). In recent decades, Bangladesh's aquaculture sector has experienced significant growth, ranking it as the fifth-largest producer globally (FAO, 2023). Aquaculture in Bangladesh is progressing towards intensification due to the increasing demand for food fish and the declining production from capture fisheries. Nonetheless, aquaculture production must depend on artificial feeds in intensive cultivation systems. Successful fish farming from a scientific perspective requires the use of feeds that are environmentally sustainable, financially feasible, and nutritionally adequate. The growing trend of feed-oriented aquaculture practices in Bangladesh has, in turn, resulted in an unparalleled demand for feed. To satisfy this growing need for feed, numerous feed companies have increased their operations in the country. Many manufacturing companies struggle to deliver quality feed as a result of insufficient quality feed components, the incorporation of contaminated materials, and various other reasons (Khatun et al., 2017).
Owing to elevated expenses and the deceptive nutritional claims of commercial feed, there is a growing emphasis on locally obtained plant-based feed components combined with different feed additives to formulate aqua feed for producing larger-sized fish in northwestern Bangladesh. Exogenous enzymes are commonly used as additives in animal feed (Menezes-Blackburn and Greiner, 2015). Different enzymes, including cellulase (β-glucanases), xylanases, and similar enzymes such as phytase, proteases, lipases, and galactosidases, have been utilized in aquaculture practices (Ghomi et al., 2012; Hlophe‐Ginindza et al., 2016; Maas et al., 2018). The inclusion of exogenous enzymes in feed boosts protein and carbohydrate digestibility, leading to better feed conversion and increased fish growth (Ali Zamini et al., 2014). The addition of exogenous enzymes can aid in counteracting the impact of anti-nutritional elements and enhance the efficiency of energy utilization from the diet (Soltan, 2009). Research shows that incorporating enzymes into fish feed enhances the fish's capacity to absorb minerals and other nutrients (Liang et al., 2022). The development of a fish feed incorporating exogenous enzymes offers numerous advantages, such as enhanced digestibility and growth performance, as demonstrated in Clariasbatrachus (Giri et al., 2003), Pangasius pangasius (Debnath et al., 2005), Oreochromisniloticus (Maas et al., 2018), and Labeorohita (Rahman and Sarker, 2019).
However, the primary contributor to global aquaculture supply is the production of carps (Wang and Lu, 2016). C. catla is one of the most commonly cultured species in carp polyculture systems in Bangladesh. This species is in great demand in the market due to its nutritional value. Incorporating a proper quantity of exogenous enzymes into the feed can boost the growth of this fish species. Regrettably, certain farmers apply these enzymes haphazardly without comprehending their impacts or the correct dosage. Therefore, it is essential to explore the impacts of exogenous enzyme-enriched feed at different dosages on the growth, flesh composition, and palatability of carp fish. Numerous studies have been conducted on the impacts of dietary exogenous enzyme supplementation on fish growth in various countries globally (Ghomi et al., 2012; Ali Zamini et al., 2014; Maas et al., 2018; Rahman and Sarker, 2019), yet there is limited research regarding the effects of dietary exogenous enzyme enrichment on carp fish in Bangladesh. The present research aimed to assess the impact of enzyme-enriched feed on the growth, flesh composition, and palatability of C. catla, a potential Indian major carp species cultured in Bangladesh's feed-based aquaculture system.

2. Materials and Methods

2.1 Experiment Site

The experiment was conducted in twelve cages placed in a fish pond at the Department of Fisheries, University of Rajshahi, Rajshahi, Bangladesh, over ninety days (from April to June 2021). Twelve iron-frame cages, each with dimensions of 2.72 m3, were covered with a synthetic nylon knotless net (5-millimeter mesh size) featuring an opening at the top for feeding and sampling, along with a feeding tray suspended from the upper part. The cages were installed on a bamboo platform 10cm above the surface of the pond bottom.
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Fig. 1. Location of the experimental pond

2.2 Exogenous Multi-enzyme Used in the Experiment

A commercially available exogenous multi-enzyme, Aquazyme Plus (EON Group, Bangladesh), was used in this experiment. Every 100 g of Aquazyme Plus contains Amylase (100,000 IU/kg), Xylanase (1,000,000 IU/kg), Protease (2,000,000 IU/kg), Phytase (300 IU/kg), Protein (0.75%), Phosphorus (0.12%), and Calcium (0.10%).

2.3 Experimental Design

The experiment was carried out with four treatments (i.e., T1, T2, T3, and T4) applying four different test feeds. A control feed was utilized from the ACI group (Godrej) for commercial carp cultivation, treated as T1. In addition to the control feed, three test feeds were prepared by incorporating Aquazyme into the chosen commercial feed at levels of 2, 4, and 6 g/kg, treated as T2, T3, and T4, respectively. The four treatments were organized in a fully randomized design (CRD) throughout the fixed cages, with three replications for each.

2.4 Preparation of Test Feeds 

To prepare the test feeds, the selected commercial feed was made softer and more pliable by incorporating a small quantity of water. Aquazyme Plus was added at specified rates and mixed thoroughly to prepare the dough. Subsequently, a pelleting machine was used to form the dough into pellets. Later, the pellets were dried, and following drying, the feeds were sealed, stored in marked polythene bags, and preserved under refrigerated conditions. The proximate composition of the feeds was assessed following the methods of the Association of Official Analytical Chemists (AOAC) (2005). The analysis data revealed no significant differences in the proximate compositions of the test feeds (Table 1).
Table 1. The proximate composition of the experimental feeds (dry basis)
	Components (%)
	Treatments (Mean±SD)

	
	T1
	T2 
	T3
	T4 

	Protein
	21.21±0.82a
	21.27±0.55a
	21.38±0.77a
	21.47±0.75a

	Lipid
	6.05±0.85a
	6.08±0.82a
	6.14±8.7a
	6.21±0.90a

	Carbohydrate
	38.66±0.76a
	38.91±0.71a
	39.48±0.78a
	39.09±0.78a

	Ash
	10.92±0.80a
	11.01±0.85a
	10.95±0.75a
	11.08±0.71a

	Moisture
	14.90±0.70a
	14.48±0.77a
	14.02±0.72a
	14.01±0.71a


*T1 designated the fish fed feed without enzyme, whereas T2, T3, and T4 designated the fish fed feed with Aquazyme at 2, 4, and 6g/kg, respectively. Values with the same superscripts in the same row are not significantly different (P>0.05). 

2.5 Fish Collection and Feeding

A total of one hundred twenty juveniles of C. catla, roughly equal in size and weight, were collected from a nearby fish hatchery. The juveniles were transported to the experimental site with an aeration system and acclimatized within the cage for 15 days. Following the acclimation phase, ten fish were allocated at random to each cage across four different treatments. Throughout the entire trial, the fish received daily feed amounting to 5% of their body weight. The entire ration was split into two parts, with one portion given in the morning (9:00 AM) and the other half in the evening (5:00 PM). The fish were taken from the cage and weighed biweekly for adjustment of the ration size.  

2.6 Water Quality Monitoring

During the experimental period, water temperature, pH, dissolved oxygen (DO), total alkalinity, and NH3-N were measured biweekly. A Celsius thermometer was used to measure the temperature, and a digital pH meter was used to assess the pH level of the water. DO levels, total alkalinity, and NH3-N were measured with a HACH Kit (Model: DR/2010). There were no significant variations in water quality parameters among the treatments, with all values remaining within a productive range (Table 2).
Table 2.The mean values of water quality parameters in different treatments
	Parameters
	Treatments(Mean±SD)

	
	T1
	T2
	T3
	T4

	Temperature (°C)
	29.53±0.91a
	29.46±0.69a
	29.45±0.71a
	28.92±0.67a

	DO (mg/l)
	6.05±0.46a
	6.48±0.72a
	6.04±0.43a
	6.18±0.45a

	pH
	7.53±0.19a
	7.56±0.29a
	7.48±0.23a
	7.41±0.27a

	Alkalinity (mg/l)
	143.28±4.14a
	150.31±4.07a
	145.5±10.25a
	145.43±5.54a

	NH3-N (mg/l)
	0.034±0.006a
	0.039±0.012a
	0.041±0.009a
	0.037±0.005a


*T1 designated the fish fed feed without enzyme, whereas T2, T3, and T4 designated the fish fed feed with Aquazyme at 2, 4, and 6g/kg, respectively. Values with the same superscripts in the same row are not significantly different (P>0.05). 

2.7 Sampling and Analysis of Growth Performance and Feed Utilization

On the day the study began, the first sampling was done, and the weight of the fish in each cage was noted. After that, it was done biweekly to record the fish's weight using an electronic balance with a precision of 0.1 g. The final weights of each test fish in four treatments were measured individually once the trial was over. Growth performance and feed utilization by mean weight gain (MWG), specific growth rate (SGR), feed conversion ratio (FCR), and survival rate (SR) were calculated using the following formula: 
)

FI (g fish-1 day-1) = ¼ DI x 100/ [(w1+ w2)/2]/T
[DI = dry matter intake; w1= start weight, w2 = final weight and T = feeding days]



2.8 Analysis of the Proximate Composition of Fish Muscle

At the end of the trial, three fish were collected from each cage to obtain muscle samples from different body regions. The obtained samples were kept in a refrigerator for subsequent analysis. The proximate compositions (crude protein, crude lipid, carbohydrate, moisture, and ash content) of the flesh from the test fish were analyzed following AOAC (2005) methods.

2.9 Palatability Test of Cooked Muscle Tissues

Initially, the collected fish were scaled, eviscerated, and sliced into loins. Following washing, 500 g of muscle tissuesfrom each group was prepared using standard cooking methods and spices. The loins of fish from every treatment were labeled and cooked simultaneously to eliminate any cooking bias. Once prepared, the fish were presented to a panel of experts for organoleptic-sensory assessment. Following the consumption of the cooked fish, the expert panelists anonymously provided their scores on the sensory characteristics, including flavor, taste, and texture of the muscle tissues, adhering to the specific structured scaling system outlined by Huss (1995) in Table 3.
Table 3. Organoleptic scoring scale for palatability test 
	Palatability attributes
	Score

	Flavor
	Taste
	Texture
	

	Species-Specific
	Meaty flavor
	Firm Elastic
	10

	Fresh fish
	Sweet
	Firm Springy
	8

	Slightly fishy or slightly sour
	Slightly fishy
	Less Firm
	6

	Sour and stale
	Slightly sour/some off flavor
	Softer
	4

	Strong Ammonia
	Slightly rotten
	Very Soft
	2

	Rotten smell
	Spoiled
	Slippery
	0



2.10 Statistical Analysis 

The data were statistically analyzed via a one-way analysis of variance (ANOVA), followed by Duncan's multiple range test (DMRT) at a significance level of P<0.05, using SPSS-20 (Statistical Package for Social Science) software (SPSS, USA).

3. results

3.1 Growth Performance and Feed Utilization of the Test Fish

The calculated results of growth and feed utilization parameters of the test fish fed with four different feeds are summarized in Table 4. According to the results, the fish in T4 had significantly the highest MWG and SGR, followed by those in T2 and T3, while the lowest was among the fish in T1. The fish from T4 and T3 had better FCR values, whereas the fish from T1 had the poorest FCR value. The SR of the test fish showed no significant differences among the treatments.

Table 4. Mean values of growth and feed utilization parameters of the test fish
	Parameters
	Treatments (Mean±SD)

	
	T1
	T2
	T3
	T4

	MIW (g) 
	206.61±10.37a
	206.35±13.74a
	196.05±12.54a
	195.66±10.73a

	MFW (g) 
	491.16±17.05b
	509.66±16.96a
	510.16±23.67a
	517.50±19.51a

	MWG (g) 
	277.56±10.29c
	303.31±10.21b
	311.66±8.12b
	321.83±9.36a

	SGR (% bwd-1) 
	0.94±0.082c
	1.01±0.095b
	1.06±0.014b
	1.10±0.015a

	FCR 
	2.61±0.13c
	2.36±0.12b
	2.19±0.15a
	2.11±0.13a

	SR (%) 
	91.33±2.29a
	93.23±3.23a
	91.00±1.57a
	93.37±2.67a


* T1 designated the fish fed feed without enzyme, whereas T2, T3, and T4 designated the fish fed feed with Aquazyme at 2, 4, and 6g/kg, respectively. Values with different superscripts in the same row are significantly different (P<0.05). 
3.2 Proximate Composition of Fish Muscle

The analyzed data on the proximate composition of the test fish among four treatments are presented in Table 5. The crude protein content of fish from T4 was considered to have a significantly higher value than that of fish from the other treatments. Significantly higher crude lipid, carbohydrate, and ash contents were found in the fish from T3 and T4.
Table 5. Mean values of the proximate compositions of the test fish (wet basis)
	Parameters (%)
	Treatments (Mean±SD)

	
	T1
	T2
	T3
	T4

	Protein 
	15.90±0.33c
	16.19±0.62bc
	16.91±0.47b
	17.88±0.34a

	Lipid 
	2.56±0.39b
	2.47±0.28b
	3.08±0.31a
	3.21±0.23a

	Carbohydrate 
	1.88±0.32 b
	2.11±0.24b
	2.44±0.27a
	2.66±0.23a

	Moisture 
	75.48±1.54a
	75.37±1.39 a
	74.19±1.86ab
	73.25±1.21b

	Ash 
	1.82±0.07b
	1.89±0.14b
	2.23±0.12a
	2.31±0.09a


* T1 designated the fish fed feed without enzyme, whereas T2, T3, and T4 designated the fish fed feed with Aquazyme at 2, 4, and 6g/kg, respectively. Values with different superscripts in the same row are significantly different (P<0.05). 
3.3 Palatability of Cooked Muscle Tissues

The palatability of the cooked muscle tissues was assessed by obtaining the organoleptic sensory scores from the selected panel of consumers, and the summarized scores are shown in Table 6. There was no significant difference in the three palatability attributes of the test muscle tissues among the four treatments, although the muscle tissues from T4 had relatively higher total scores for the three organoleptic attributes, followed by the muscle tissues from T3, T2, and T1.
Table 6. Organoleptic test scores for the cooked flesh of the test fish 
	Organoleptic attributes
	Treatments (Mean±SD)

	
	T1
	T2
	T3
	T4

	Flavor
	7.35±0.88a
	7.43±0.77a
	7.55±0.82a
	7.63±0.84a

	Taste
	7.41±0.92a
	7.53±0.65
	7.49±0.84a
	7.69±0.85a

	Texture
	7.23±0.74a
	7.37±0.67a
	7.37±0.79a
	7.61±0.70a

	Total score
	21.99±0.52a
	22.33±0.68a
	22.41±0.80a
	22.93±0.42a


[bookmark: _Hlk217936677]*T1 designated the fish fed feed without enzyme, whereas T2, T3, and T4 designated the fish fed feed with Aquazyme at 2, 4, and 6g/kg, respectively. Values with the same superscripts in the same row are not significantly different (P>0.05). 
4. Discussion

4.1 Growth Performance and Feed Utilization of the Test Fish

By adding different amounts of exogenous enzymes to experimental diets, the growth performance and feed utilization of C. catla were superior to that of the control group. According to the study's results, the fish fed feed containing 6g/kg of exogenous enzymes (T4) had the highest MWG, SGR, and lowest FCR, whereas the fish fed no exogenous enzymes (T1) had the lowest MWG, SGR, and highest feed conversion ratio, followed by T2, T3, and T4. The results closely matched those of Monier et al. (2022), who revealed that C.carpio fed an exogenous enzyme diet gained noticeably better growth and FCR value than those fed an enzyme-free control diet. Similar to the present findings, Adeoye et al. (2016) reported improved growth in exogenous enzyme-supplemented Nile tilapia than the control group. According to Hlophe‐Ginindza et al. (2016), O. mossambicus fed diets containing Natuzyme50 performed better in terms of growth than those fed the enzyme-free control diet. According to Ali Zamini et al. (2014), the growth of Caspian salmon was significantly enhanced when two exogenous enzymes (Natuzyme and Hemicell) were added to their food, either separately or in combination. Rahman et al. (2022) reported that C. catla fed formulated feed exhibited improved growth and FCR compared to those fed commercial feed. Additionally, exogenous amylase administration led to noticeably better weight gain in L. rohita, according to Kumar et al. (2006). The findings were also analogous to those of Shakoori et al. (2018), Goda et al. (2018), Ghomi et al. (2012), and Haghbayan and Mehrgan (2015), who all reported that various exogenous enzymes improved specific growth rate in Nile tilapia and rainbow trout. The present study's improved feed conversion due to enzyme supplementation is corroborated by the findings of Tahounl et al. (2011) and Ahmed et al. (2013). The survival rate in the present trial did not differ significantly between the treatments. The recorded survival rate is similar to that reported by Shakoori et al. (2018), Haghbayan and Mehrgan (2015), Mahmoud et al. (2014), and Ali Zamini et al. (2014). According to the findings, feeds made with various levels of enzymes provide better growth performance and feed utilization than the control group.

4.2 Proximate Composition of Fish Muscle

The findings of the study showed that adding an exogenous multi-enzyme to feed causes changes in the proximate compositions of C. catla. The carcass protein content in T2, T3, and T4 increased significantly compared to the control group might be due to the presence of comparatively lower moisture in those treatments. Similar results have been found by Maas et al. (2021) in Nile Tilapia when supplemented with exogenous enzymes. Positive correlation between increased dosage of dietary enzyme and carcass protein in fish was also observed by Yildirim and Turan (2010) and Lin et al. (2007). The highest lipid content was recorded in the fish that were fed a higher dose of (6g/kg) aquazyme plus mixed feed (T4), and the lowest was recorded in the fish that were fed a dose of (2g/kg) aquazyme plus mixed feed (T2). The findings of this study are in accordance with the findings of Ghomi et al. (2012), who found higher carcass lipid in Huso huso compared to the control group. The carcass carbohydrate content increased significantly in T2, T3, and T4 compared to the control group. The findings of the present study on carcass carbohydrate content align with previous research conducted by Maas et al. (2021). Rahman and Sarker (2019) also reported that the carcass carbohydrate content increased in L. rohita compared to the control group for the addition of multi-enzyme in their diets. This also agrees with the current findings of the study. Generally, moisture content shows an inverse relation with lipid content (Wheeler and Morrissey, 2003). As per the study's findings, the moisture content decreased significantly in T2, T3, and T4 compared to T1 might be due to the addition of exogenous multi-enzyme in the diet. Different minerals, such as calcium, magnesium, phosphorus, iron, zinc, and others, are found in ash and play vital roles in the body structure of each organism. The carcass ash content increased significantly in T2, T3, and T4 compared to T1. This result aligns with the findings of Debnath et al. (2005), who reported higher carcass ash in Pangasius pangasius following phytase supplementation. Adeoye et al. (2016) and Goda et al. (2018) also reported that carcass ash content increased significantly in Nile tilapia when fish were fed a diet prepared with exogenous multi-enzyme.  

4.3 Palatability of Cooked MuscleTissue

[bookmark: _Hlk218453942]Following the consumption of cooked muscle tissues, several consumers provided feedback on flavour, taste, and texture by completing an organoleptic test score sheet. According to the total organoleptic score, the muscle tissues of T4 obtained the greatest score, followed by the muscle tissues of T3, T2, and T1. It was shown that adding a larger dose of enzyme to the meal reduced the flavor of the experimental fish when compared to a lesser amount. The current study found that the flavor, taste, and texture of cooked fish were altered in dietary enzyme-treated fish compared to control fish, which might be attributed to changes in the proximate compositions of fish fed with exogenous enzyme-treated feeds. The fish fed with 6g/kg enzyme-incorporated feed received the highest marks for taste, texture, and flavor. This indicates that the fish fed with 6g/kg enzyme-incorporated feed had better fresh fish flavor, taste, and texture quality, as well as being more appetizing, than the fish fed with the other experimental feeds employed in the study. Rahman and Sarker (2019) reported that after cooking, the palatability of L. rohita had changed in enzyme-treated feeds compared to control fish, which strongly agreed with the findings of the present study.

5. Conclusion

Various exogenous enzyme mixtures are available and frequently used in the aqua feed industry in Bangladesh. In this study, the addition of exogenous enzymes to feed significantly boosted C. catla growth, carcass nutrients, and palatability compared to control feed. The best growth, feed utilization, carcass quality, and palatability were obtained with 6g of enzyme per kg of fish feed. Long-term research is necessary to validate current findings regarding the impact of exogenous multienzymes on fish growth, proximate compositions, and palatability across several aquaculture species and under a variety of aquaculture conditions. 
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