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A B S T R A C T 

The papaya and pineapple are the major agricultural food products in Thailand. Their by-

products contain protease enzyme, papain and bromelain, which can breakdown proteins. 

The objective of this study was to investigate the growth performances of channel catfish 

(Ictalurus punctatus) fed with feed mixed with pineapples juice (PA) and dried papaya peel 

(PP) in a recirculating aquaculture system (RAS). Three experimental feeds controlled at 

25% isonitrogenous formulation containing 5 ml/kg feed PA, 5 g/kg feed PP,  mixed PP-PA 

(5 ml/kg) feed pineapple juice mixed with 5 g/kg feed papaya peel (PP-PA) and a commercial 

control feed were fed to catfish for 90 days. Each treatment had 3 replicates. The channel 

catfish (5 g/fish) were allocated in 12 (1 x 1 x 1 m) placed in RAS concrete tanks. The water 

quality in this research was within the recommended nets levels by the Pollution Control 

Department, Thailand. The results showed that weight gain, length gain, average daily gain, 

feed conversion efficiency and protein efficiency ratio was highest in catfish fed with PP and 

which was significantly different (p < 0.05) from control. The survival rate of all treatments 

was not significantly different (p > 0.05). In conclusion, 5 g of dried papaya peel mixed in 

the 1 kg of diet could be applied for channel catfish culture to improve growth performances.  

 

 

1. Introduction  
 

Channel catfish (Ictalurus punctatus) is the most important 

aquaculture species in the United States (Tucker and Hargreaves, 

2004). The channel catfish is distributed between southern 

Canada and northern Mexico (Wang, 2011). The production of 

channel catfish in the United States, accounting for more than 

60% of all aquaculture (Liu et al., 2016). These catfish have 

introduced to China and Thailand also. The systems for channel 

catfish culture in the United States are various, including ponds, 

cages, raceways, and tanks (Helfrich and Libey, 2006). While the 

demand for healthy, tasty, and affordable fish products is 

expanding, the clean water is a shortage and the cost of land is 

very expensive. The new method, Recirculating Aquaculture 

System (RAS), is offered to enhance fish productivity. RAS 

filters clean the water, and removes or detoxifies harmful waste 

products; the recycling water is subsequently back through fish 

culture tanks (Helfrich and Libey, 1991). Only a little water is 

added to make up after evaporation. RAS is much more suitable 

for warm water fish cultures such as channel catfish, striped bass, 

and tilapia that can tolerate lower water quality conditions and 

high temperatures (Helfrich and Libey, 1991).  

In Thailand, channel catfish are imported by the Department 

of Fisheries, Asian Institute of Technology, for more than 30 
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years (Thapakorn, 2014). The channel catfish in Thailand are 

cultured in the cages along the river and fed with commercial 

diets containing 30 % protein (Thapakorn, 2014). The main 

problem of channel catfish culture in Thailand is water quality, 

especially the high turbidity and low dissolved oxygen in the river 

(FAO, 2020). In addition, the rising cost of aquaculture feed and 

its ingredients is another challenge for the channel catfish culture 

(Thapakorn, 2014).  

Nowadays, many researchers have investigated the effect, 

feasibility, and efficacy of aquafeed to improve growth 

performances, enhance immunity, and lower feed conversion ratio 

(Bahi et al., 2017). The low-cost feed from agricultural by-products 

such as faba bean, soybean meal and fish wort has been formulated 

and applied as feed additives in aquaculture (Azaza et al., 2009; 

Lin and Luo, 2011). Aquafeed additives; for example, bioactive 

compounds, prebiotic, probiotics, and digestive enzymes have been 

added during feed preparation to improve the feed quality and 

feeding efficiency of the fishes leading to better growth and health 

performances (Liu et al., 2019; Hahor et al., 2019; Srichaiyo et al., 

2020; Arungamol et al., 2018).  

 

Nomenclature and abbreviation 

RAS    Recirculating Aquaculture System  

CRD  Completely Randomized Design 

PA  Pineapple 

PP  Papaya peel  

NFE  Nitrogen Free extract 

WG  Weight gain,  

LG  Length gain,  

ADG    Average daily growth 

FCR  Feed Conversion Ratio 

FCF  Food Conversion Efficiency 

SR  Survival Rate 

PER Protein Efficiency Ratio  

 

The protease enzyme from agricultural by-products such as 

pineapple juice has been used in numerous industrial applications, 

including a meat tenderizer, a beer clarifier, a tooth whitening 

agent, animal feed, cosmetic substances, and in the textile industry 

(Kodagoda and Marapana, 2017). For aquafeed, pineapple juice is 

used for hydrolyzing soybean meal to replace the fishmeal in tilapia 

feed (Arungamol et al., 2018). The 0.5 ml crude extract from 

pineapple was added into 1 kilogram of the diet was able to 

improve the growth of climbing perch and decrease feed 

conversion ratio (Tongsiri and Pimpimol, 2019).  

Moreover, the by-product of papaya, such as papaya peel, has 

proteolytic enzymes and papain (Kumar and Mishra, 2019).  Mo et 

al. (2016) informed that papaya was added into soybean meal 

replacing the fishmeal in the moist pellets for marine fish provided 

higher growth than fish fed with the control pellets. The objective 

of this study was to determine the growth performances of channel 

catfish fed with feed mixed with pineapples juice and dried papaya 

peel.  

 

2. Materials and methods 
 

2.1. The experimental unit  

 

The 1 x 1 x 1 m (width x length x depth) twelve nets were 

used in this study. These nets were set in the recirculating 

aquaculture system (RAS). Channel catfish were received from the 

farm in Chiang Mai Province, Thailand. A total of 120 fish were 

allocated into 4 treatments. The average weight of each fish before 

the experiment was 5 g. 

 

2.2. Preparation of pineapple and papaya 

 

The pineapples were received from a local market in Chiang 

Mai, Thailand. The pineapples were blended, filtered pass the filter 

cloth, the crude enzyme was then collected and kept in 4oC. The 

papaya was received from a local market in Chiang Mai, Thailand. 

The papaya peel was dried in the hot air oven for 48 hours at 60 oC, 

blended, and kept in -20 oC. 

 

2.3. Experimental design  

 

The Completely Randomized Design (CRD) was applied. The 

different feeding combinations (4 formulas of isonitrogenous, 

25%) were prepared as follows: 

Treatment 1, the commercial feed (Control), 

Treatment 2, the commercial feed mixed a 5 ml/kg feed crude 

extract from pineapple (PA), 

Treatment 3, the commercial feed mixed a 5 g/kg feed dried papaya 

peel (PP), 

Treatment 4, the commercial feed mixed a 5 ml/kg feed pineapple 

and a 5 g/kg feed dried papaya peel (PA+PP). 

 

2.4. Proximate composition 

 

The feeds were dried at 105°C for 24 h before analyzing 

protein, lipid, fiber, and ash, as described by the AOAC (2005). 

The proximate analysis of feeds was shown in Table 1. The 

percentage of protein in 4 formulas was 25 percentage, and all 

treatments were not significantly different (p > 0.05) (Table 1). The 

feeds were packed in plastic bags and kept in the refrigerator at -

20oC throughout the experiment. 

Fish were fed two times each day at 5% of body weight, for a 

90-day experimental period. In this study, the feeding rates were 

adjusted every 2 weeks. Also, water quality parameters were 

monitored every 2 weeks. The weight and length of the fish were 

measured individually.  

Growth performance parameters were calculated as the 

following formula:  

The body weight gain (g/fish) = total final weight- total initial 

weight/ number of fish  

Length gain (cm/fish) = total final length – total initial length/ 

number of fish 

Average daily gain (g/d) = total final weight- total initial weight/ 

days 

Feed conversion rate (FCR)   = (feeding weight in grams/ weight 

gain of fish in grams) x100 
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Food Conversion Efficiency (FCE) = (final weight − initial 

weight) / feeding weight) ×100 

Survival rate (%) = (number of fish in the final/number of fish in 

the beginning) x 100 

Protein Efficiency Ratio (PER) = body weight gain (g)/protein 

intake (g). 

 

Table 1  

The proximate composition analysis of four formulas (%). 

 

Parameter 

 

Treatments 

control PA PP PA+PP 

Moisture 
9.90± 

0.18a 

14.90± 

0.18b 

14.66± 

0.05b 

16.22± 

0.45c 

Ash 
5.52± 

1.14a 

5.60± 

1.41a 

6.86± 

1.44a 

6.67± 

0.74a 

Lipid 
5.11± 

0.16a 

3.63± 

0.03c 

4.40± 

0.18b 

3.75± 

0.11c 

Fiber 
6.69± 

1.08a 

8.71± 

0.43a 

8.92± 

0.26a 

9.13± 

0.44a 

Protein 
24.67± 

1.16a 

24.10± 

0.75a 

24.69± 

0.32a 

24.39± 

0.51a 

Nitrogen 

Free 

extract 

(NFE) 

48.04± 

3.39a 

43.03± 

1.56a 

40.45± 

1.52a 

39.82± 

1.22a 

*Values are Means ±SE and values in the same row with 

different superscripts are significantly different (p <0.05). 

 

2.4. Water quality analysis 

 

The water quality monitoring, temperature (°C), pH, 

dissolved oxygen, ammonia nitrogen, nitrite-nitrogen, nitrate-

nitrogen, total phosphorus and alkalinity were measured monthly 

by standard methods (APHA, 1995). 

 

2.6. Statistic analysis  

 

Data were expressed as mean ±standard error in triplicate 

observations. One-Way Analysis of Variance was used for 

evaluating growth performance parameters. Significant differences 

between means were ranked using Turkey's multiple range test at a 

95% significance level.  

 

3. Results and Discussion  
 
3.1. Growth performance 

 

The Recirculating Aquaculture System (RAS) is an amazing 

system for culture high densities fish and safe the environment 

(Bahnasawy et al., 2009). The water quality in RAS is good 

because this system has a filter and the water is clean up by 

recycling back through fish culture tanks. After catfish were 

cultured for 90 days, the results showed that weight gain was 

highest in catfish fed with a commercial feed mixed with 5 g/kg 

feed dried papaya peel (PP), 29.94±0.95 g which was significan-

tly different from the ones in control, a commercial feed mixed 

with 5 ml/kg crude extract from pineapple (PA) and a commercial 

feed mixed with 5 ml/kg feed pineapple juice and 5 g/kg feed 

papaya peel (PP-PA) (p < 0.05).  

Length gain was longest in catfish fed with PP, 8.86±0.19 cm. 

But the lowest length gain was found in catfish fed with PA+PP, 

7.03±0.03 cm. And there was significantly different (p < 0.05). 

The average daily gain was significantly higher in catfish fed with 

PP, 0.25±0.01 g/day than the one in control, 7.43±0.42 g/day 

(p < 0.05). The feed conversion rate of catfish fed with PP, 

1.29±0.14 was lower than the ones in control, PA and PP+PA 

which were 2.17±0.13, 1.93±0.02 and 2.19±0.12, respectively 

(p < 0.05) (Table 2). The Food conversion efficiency was 

significantly highest in catfish fed with PP, 78.77±7.76 (p <0.05). 

The survival rates of all treatments were not significantly 

different (p > 0.05) (Table 2). 

  

Table 2  

The growth performances of channel catfish fed with feed mixed 

with pineapples juice and dried papaya peel. 

 

Parameter 

 

 

Treatment 

control PA PP 
PA+P

P 

WG  

(g/fish) 

20.11± 

2.46b 

22.01

± 

0.85b 

29.94± 

0.95a 

19.73± 

0.90b 

LG 

(cm/fish) 

7.43± 

0.42b 

7.76± 

032ab 

8.86± 

0.19a 

7.03± 

0.03b 

ADG 

(g/day) 

0.17± 

0.02b 

0.18± 

0.01b 

0.25± 

0.01a 

0.16± 

0001b 

FCR 
2.17± 

0.13a 

1.93± 

0.02a 

1.29± 

0.14b 

2.19± 

0.12a 

FCE  
46.43± 

2.89b 

51.83

± 

0.61b 

78.77± 

7.76a 

45.86± 

2.65b 

SR  

(%) 

90.00± 

5.09a 

95.55

± 

2.22a 

93.33± 

0.00a 

93.33± 

3.85a 

PER 
0.67± 

0.08b 

0.73± 

0.03b 

1.00± 

0.03a 

0.66± 

0.03b 

*Values are Means ±SE and values in the same row with 

different superscripts are significantly different (p <0.05) 

WG=Weight gain, LG=Length gain, ADG=Average daily 

growth, FCR=Feed conversion ratio, FCE= Food conversion 

efficiency, SR=Survival Rate, PER= Protein efficiency ratio.  

 

Fig. 1. The relationship between protein efficiency ratio and 

weight gain of channel catfish fed with feeds mixed with 

pineapples juice and dried papaya peel. 
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Papaya is one of the leading agricultural products in Thailand 

and other tropical countries. The processing of papaya results in 

organic waste. This study showed an alternative to the 

environmental-friendly treatment of organic wastes.  

Feed mixed with a dried papaya peel showed the highest feed 

conversion efficiency because papaya peel had a crude papaya 

laxted, called papain, this enzyme acts like protease enzyme ( Esti 

et al., 2013). As a result, this enzyme can break down protein and 

generate free amino acids in which fish can uptake efficiently. 

Papain is commonly found in many organisms that have been 

used in food industries and aquafeed. The papain is applying in 

aquafeed in terms of ingredient material. 

The papain is immobilized as a cross-linked enzyme with 

neutral-production to hydrolyze bean protein and the structure of 

bean was changed to make it easier to be digested (Chen et al., 

2017). Soybean meal mixed with papain to partially replace 

animal protein for culturing three marine fish species was studied. 

It was found that papain can promote better growth of marine fish 

and lower the adverse impact of trash fish and fishmeal on the 

water quality of the marine culture zones. (Mo et al., 2016). 

Pineapple and papaya, which had been reported to produce 

commercial proteases (named bromelain and papain) showed 

high protease activities of 27.6 U/g and 23.1 U/g, respectively 

(Sun et al., 2016). These proteases have been used in the food 

industries and used as food additives. Many researchers tried to 

apply this protease enzyme from agricultural by-products to 

improve the feedstuff quality. Kang et al. (2010) reported that 

papaya processing wastes were served as a substrate for yeast 

growth. The product contained an average of 45% crude protein, 

and 50% of papaya processing wastes diets were used for feed to 

shrimp compared with commercial feed.  

The improved quality of feedstuff such as soybean can be done 

by pineapple juice hydrolysis at 1:2 for 90 minutes and replaced 

with a fish meal in diet formula. The results showed that soybean 

hydrolysate could be digested with pineapple juice would be high 

at 25% without affecting growth rate (Arungamol et al., 2018). 

Similar results were found in a common lowland frog fed with 

feed mixed with bromelain supplementation at 0, 0.25, 0.5 and 1 

ml/g feed.  

The bromelain supplementation was able to increase the 

efficiency of protein digestibility of tadpole and frog with the 

appropriate levels of bromelain at 1 and 0.5 ml/g feed, 

respectively (Khahan and Sirithanawong, 2016). The digestibility 

of soybean meal was improved by mixing with 0.05-0.1% of 

bromelain. After that, this modified soybean meal has the 

potential to be used as a fishmeal substitution (Li et al., 2014). 

In addition, the protein efficiency ratio was highest in catfish 

fed with PP, which was significantly different (p <0.05). The 

higher value of protein efficiency ratio makes the weight of fish 

increasing, for example, tilapia (Abdel-Tawwab et al., 2010; 

Arungamol et al., 2018) hybrid catfish (Hahor et al., 2019) and 

African catfish (Okomoda et al., 2019). The feed conversion ratio 

of channel catfish was in the range 1.20 - 1.80 (Refaey et al., 

2018; Jiang et al., 2012) which was the same as our research, 

1.29±0.14 in PP treatment. Proteases like papain from low-cost 

ingredient or organic wastes were added into animal feed in order 

to increase protein assimilation and bio-availability, which 

translates into significant economic savings. The papain and 

bromelain to use for hydrolyzing food wastes to make fish feed. 

The application of feeds supplemented with these mixtures of 

proteases improved the growth, lipid accumulation and immunity 

of grass carp (Ctenopharyngodon idella) (Fernandez-Lucas et al., 

2017). 

 

3.2. Water quality 

 

The water quality parameters measured during this research 

(Table 3) were shown that the temperature was range 22.97±0.90-

25.84± 1.17 °C, pH was range 7.80±0.15-8.20±0.05. Dissolved 

oxygen was range 6.70±0.34 - 7.63±0.24 mg/l, respectively. The 

nutrient in nitrogen group as ammonia-nitrogen, nitrite-nitrogen 

and nitrate-nitrogen were range 0.40±0.01- 0.50±0.00, 0.02±0.00 - 

0.05 ±0.02 and 0.08±0.02 - 0.43±0.08 mg/l, respectively. Total 

phosphorus was range 0.01±0.00 - 0.06 ± 0.03 mg/l. All parameters 

were not significantly different (p > 0.05) (Table 3). 

  

Table 3  

Water quality in 4 treatments during channel catfish culture in 

Recirculating Aquaculture System (RAS) for 90 days. 

 

*Values are Means ±SE and values in the same row with 

different superscripts are significantly different (p < 0.05) 

The water quality during this research were within the 

recommended levels in a Water Quality Standard by Pollution 

Control Department (2008). 

 

4. Conclusion 
 

Reducing fish feed costs and improving the efficacy of feed 

Parameter 

Treatment 

control PA PP PA+PP 

Temperature 

(°C) 

25.84 ± 

1.17a 

22.97 ± 

0.90a 

25.63 

±1.07 a 

24.91± 

0.51a 

pH 
8.03 ± 

0.12a 

7.80 ± 

0.15a 

8.20 ± 

0.05a 

7.80 ± 

0.15a 

Dissolved 

oxygen (mg/l) 

6.70 ± 

0.34a 

6.83 ± 

0.33a 

7.30 ± 

0.37a 

7.63 ± 

0.24a 

ammonia 

nitrogen 

(mg/l) 

0.44 ± 

0.02a 

0.48 ± 

0.00a 

0.40 ± 

0.01a 

0.50 ± 

0.00a 

Nitrite-

nitrogen 

(mg/l) 

0.02 ± 

0.00a 

0.04 ± 

0.01a 

0.02 ± 

0.00a 

0.05 ± 

0.02a 

Nitrate-

nitrogen 

(mg/l) 

0.08 ± 

0.02a 

0.25 ± 

0.09 a 

0.22 ± 

0.19a 

0.43 ± 

0.08a 

Total 

phosphorus 

(mg/l) 

0.06 ± 

0.03a 

0.01 ± 

0.00a 

0.05 ± 

0.02a 

0.01 ± 

0.00a 

Alkalinity 

(mg/l) 

107.50 ± 

1.32a 

104.66 ± 

1.45a 

108.16 

±0.92 a 

105.00 

±1.44 a 
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management is significant for the aquaculture system. Moreover, 

the utilization of waste materials from agricultural or industrial 

wastes (by-products), the fruit juice is habitually applied to 

overcome the problem of feed shortage in the fishery industry. The 

channel catfish fed with feed mixed with a 5 g/kg feed dried papaya 

peel (PA) was able to improve growth performances. Therefore, 

this study results suggested that papaya peel added value in the 

channel catfish feeding management. 
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