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Abstract. Inefficiency of feed utilization in fish aquaculture is one of the main problems faced by fish 
farmers. The inefficiency of feed utilization lead to the high cost of the feed. The cost of feed is the 
largest portion of the total cost of production that accounted for around 40-60% of the total cost. Feed 
efficiency can be increased by enrichment of papain enzyme in the feed. The study aimed to examine the 
effects of papain enzyme-enriched feed on protease enzyme activities, feed efficiency, and growth of 
fingerlings of Sangkuriang catfish (Clarias gariepinus) reared in tarpaulin pools. The fish used in the 
research had an average weight of 1.48±0.17 g fingerling-1. Experimental feed contained 30% protein 
which was added with papain enzyme. The papain enzyme enrichment into the feed were in four dosages 
namely treatments A (0% kg-1 feed), B (0.75% kg-1 feed), C (1.5% kg-1 feed), D (2.25% kg-1 feed), E 
(3% kg-1 feed). The variables observed were protease enzyme activities, efficiency of feed utilisation 
(EFU), relative growth rate (RGR), protein efficiency ratio (PER), feed conversion ratio (FCR), survival 
rate (SR), apparent digestibility of protein (ADCp), and water quality. The outcomes showed that the 
papain enzyme-enriched feed was highly significant (p < 0.01) on the protease enzyme activities, EFU, 
RGR, PER, FCR, ADCp; otherwise it was insignificant on the SR. The dosage of 1.5% kg-1 feed (treatment 
C) was the best dosage of papain enzyme enrichment and it brought about the highest values of PEA, 
FEU and RGR which were 3.98 U g-1 protein, 70.35% and 4.68% day-1 respectively. The optimum 
dosages of papain enzyme supplementation FEU, RGR, PER and FCR ranged from 1.67 to 1.89% kg-1 
feed. The water quality during study was in the good condition for rearing Sangkuriang catfish 
fingerlings.    
Key Words: hydrolysis, survival rate, protein, protease. 

 
 
Introduction. The fingerlings of Sangkuriang catfish (Clarias gariepinus) were attained 
from crossbreeding of second generation (F2) catfish with sixth generation (F6) which 
were readily available from the farmers (Ahmadi et al 2012). Sangkuriang catfish had 
high growth, high adaptability in the environment, delicious meat, and high amounts of 
nutrients. These features made farmers interested in the rearing of Sangkuriang catfish 
(Arief et al 2014). 

The Sangkuriang catfish highly depends on the feeding, meanwhile the fish 
farmers still have inefficiency of feed utilization which causes high cost production. Mo et 
al (2016) reported that due to feed inefficiency, the variable cost of feed accounted to 
the biggest portion of the total production cost (40-60%). Oyakhilomen et al (2016) 
suggested that the reduction of production cost could be done through improving feed 
efficiency.   

The diet inefficiency has occurred because of feeding type for the Sangkuriang 
catfish. It is a carnivorous animal, so it has difficulty in digesting plant-based diet, as 
reported by Olmos et al (2011). On the other hand, Olmos et al (2011) uncovered that 
papain enzyme-enriched diet can boost diet efficiency. Same suggestion was endorsed by 
Patil & Singh (2015). The enrichment of papain enzyme into the diet can improve protein 
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utilization; it is due to the ability of papain enzyme to break down protein into simpler 
elements as amino acids. In turn those are easier to consume (Amri & Mamboya 2012; 
Paul et al 2013; Dawood et al 2014). Similar finding was obtained by Patil & Singh 
(2015) that the papain enzyme supplementation could promote the protein digestibility in 
the shrimp (Macrobrachium rosenbergii) and the dose of 0.1% gave the highest growth. 
They found that the dose of 0.1% gave the highest growth. Muchlisin et al (2016) found 
that the 27.5 mg papain enzyme per kg in the feed made keureling fish (Tor tambra) was 
the best dose for the fish growth with the average weight of 0.30 g and the average 
length of 3.5 cm. The dosage of 10 g kg-1 diet brought about the best growth and protein 
efficiency ratio in Labeo rohita (Khati et al 2015). Moreover, Rachmawati & Samidjan 
(2018) discovered that the 6 g kg-1 diet of papain enzyme enrichment could lead protein 
digestibility and growth of Sangkuriang catfish with the weight of 3.43 g fingerling-1 to go 
up. Rostika et al (2018) also revealed that the papain enzyme enrichment in the feed 
with the dosage of 3.75% kg-1 diet was able to raise the diet utilization efficiency, protein 
efficiency ratio, and growth the weight of 17 g fingerling-1 of tilapia. Patil & Singh (2015) 
explained that the need for papain enzyme depends on the type of fish and their weight. 
The information about the study of papain enzyme enrichment in the diet for 
Sangkuriang catfish was still scarce; therefore, the study to probe the effects of papain 
enzyme-enriched diet of Sangkuriang catfish became very relevant. Thus, the present 
study aimed to examine the effects of papain enzyme-enriched diet on protease enzyme 
activities, diet efficiency, and growth of fingerlings of Sangkuriang catfish (Clarias 
gariepinus) reared in tarpaulin pools.  

 
Material and Method   
 
Fish preparation. An amount of 50 thousands of Sangkuriang catfish fingerlings were 
used in the study. The fingerlings had the average weight of 1.48±0.17 g. They were 
obtained from the fish farmers association in Tambaksari Village, Rowosasri District, 
Kendal Regency, Central Java, Indonesia. The fingerlings used in the study were only the 
healthy individuals. The signs of healthy fingerlings were such highly active, no disability, 
free of diseases, and normal movement. To test the normality of the fish movement was 
by putting all of the fish into the strong stream water, if the fish was able to swim to the 
opposite of the water stream direction, they were considered healthy fish. Then the 
fingerlings were acclimated for one week in which the fingerings were fed with the feed 
without papain enzyme enrichment. Before the start of the experiment, the fingerlings 
were let to fast for one day to guarantee that there will be no-effect of the previous feed 
consumed (Rachmawati et al 2017). 
 
Feed preparation. The study used feed that contained 30% protein enriched with 
papain enzyme based on the dosages of treatments. The treatments were papain enzyme 
enrichment in the feed with the various dosages in the treatments A (0% kg-1 feed), B 
(0.75% kg-1 feed), C (1.5% kg-1 feed), D (2.25% kg-1 feed), E (3% kg-1 feed). Papain 
enzyme was supplied by The Center for Brackish Water Aquaculture, Jepara, Central Java 
Province, Indonesia. To mix feed with papain enzyme was by spraying the enzyme into 
the feed according to Merrifield et al (2011) method.   
 
Research design. The research was conducted on April-June 2019 in the fish farmers 
association of Sangkuriang catfish in the Tambaksari Village, Rowosari District, Kendal 
Regency, Central Java Province, Indonesia. The feeding experiment that used Completely 
Randomized Design (CRD) was conducted for 49 days with 5 (five) treatments and 4 
(four) replicates for each treatment. Three times of feeding were performed in the 
morning, the mid-noon, and the afternoon with fixed feeding rate of 5% of mass weight. 
The gain weight of the fish was measured every 7 (seven) days for rearing cycle.  
 
Container preparation. The tarpaulin pools were used to do experiment for 
Sangkuriang catfish. There were 20-unit tarpaulin pools with 2 (two) meter diameter and 
1 (one) meter water depth to raise the fingerlings. The density of the Sangkuriang catfish 
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fingerlings was 2500 fingerlings per tarpaulin pool. Each pool was furnished with 
recirculation system. 
 
Digesting enzyme analysis. The measurement of protease enzyme activities used 
extract of the digesting system of Sangkuriang catfish following the Sandeepa & Ammani 
(2015) method. 
 
Water quality observation. Observed parameters to analyze water quality were pH, 
dissolved oxygen (DO), temperature, and ammonia. Water pH was measured using 
Jenway 3510, while DO was measured using JENWAY 970. Temperature and ammonia 
were measured using HANNA: HI 8633. 
 
Observation of feed utilization and growth parameters. The parameters observed 
were efficiency of feed utilization (EFU), feed conversion ratio (FCR), relative growth rate 
(RGR), protein efficiency ratio (PER), apparent digestibility of protein (ADCp) and survival 
rate (SR) following Tacon et al (2002) method, protein digestibility following Fenucci 
(1981) method, and water quality analysis following APHA (2005) method. The equations 
of the parameters were as the following: 
 

final weight – initial Weight EFU = the weight of feed consumed x 100 

 
the weight of feed consumed                       FCR = 

(final weight + total weight of dead fish) – initial weight 
x 100 

 
final weight – initial weight                      PER = 

the weight of feed consumed x protein content of feed 
x 100 

 
final weight – initial weight         RGR = onitial weight x experiment lenght x 100 

 
    final count    SR = initial count 

x 
100 

       
% Cr2O3 in the diet  x % protein in the feces ADCp = 
% Cr2O3 in the feces x % protein in the feed 

x 100 

 
Data analysis. To observe the treatment influences, analysis of variance (ANOVA) with 
95% and 91% of confidence intervals was employed. The treatment influences were 
found very significant (p < 0.01) or significant (p < 0.05). If one found the treatment 
significant, double Duncan test was implemented to investigate the difference of the 
treatments. The following test was Polynomial Orthogonal to determine optimum 
treatment (Steel et al 1996). Water quality was descriptively analyzed by comparing 
water quality in the pond to water quality references for rearing Sangkuriang catfish. 
  
Results. The results of the parameters, the protease enzyme activities in the digesting 
system of Sangkuriang catfish and the water conditions were displayed in the Tables 1, 2 
and 3. The result data of EFU, ADCp, FCR, PER, RGR and SR of Sangkuriang catfish 
during the study were displayed in the Table 1. 
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Table 1 
The values of EFU, FCR, PER, RGR and SR of Sangkuriang catfish during the study 

 
Treatments Experiment 

data A B C D E 
EFU (%) 49.25±0.28e 55.67±0. 23d 70.35±0.29a 64.43±0.28b 60.31±0.23c 

ADCp (%) 51.25±0.32e 56.42±0.35d 69.83±0.37a 63.74±0.31b 60.35±0.36c 
FCR 2.45±0.16c 2.32±0.13c 1.45±0.19a 1.98±0.22b 2.26±0.24c 
PER 1.67±0.13d 2.08±0.18c 4.36±0.14a 3.62±0.16b 2.68±0.15c 
RGR 

(% day-1) 
2.21±0.28c 2.89±0.26c 4.68±0.25a 3.59±0.27b 3.12±0.26b 

SR (%) 90.33±2.36a 88.33±3.46a 88.33±3.48a 90.33±3.52a 90.33±3.43a 
Note: Mean values in different superscript alphabets showed significant influences (p < 0.05). 
 
The results of Polynomial Orthogonal test to determine the papain enzyme-enriched diet 
relation to the parameters of EFU, ADCp, FCR, PER, and RGR were depicted in the Figures 
1-5. 
 The equation Y= -5.2927x2 + 19.995x + 47.872 (Figure 1) showed optimum 
dosage of papain enzyme at 1.89% kg-1 diet with the value of EFU at 66.75%. The value 
of R² was 0.8403. It indicated that 84.03% EFU was affected by the papain enzyme 
enrichment in the feed, while 15.97% was affected by other factors. 
 

 
Figure 1. The papain enzyme-enriched feed relation to EFU of Sangkuriang catfish fingerlings. 

 
The optimum dosage of papain enzyme enrichment could be seen on the equation Y= -
4.6502x2 + 17.353x + 49.983 (Figure 2). The optimum dosage was 1.87% kg-1 feed with 
maximum value of ADCp at 66.16%. The value R² = 0.8061 meant that 80.61% of ADCp 
was influenced by the papain enzyme supplementation, while 19.39% of ADCp was 
influenced by other factors. 
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Figure 2. The papain enzyme-enriched feed relation to ADCp of Sangkuriang catfish fingerlings. 

 
The equation Y= 0.2819x2 – 0.9417x + 2.5531 (Figure 3) exhibited the optimum dosage 
of papain enzyme. The dosage was 1.67% kg-1 diet which resulted in the minimum value 
of FCR at 1.76. The value of R² = 0.6379 meant that 63.79% of FCR was affected by the 
papain enzyme supplementation in the feed, while 36.21% of FCR was affected by other 
factors.  

 

 
Figure 3. The papain enzyme-enriched feed relation to FCR of Sangkuriang catfish fingerlings. 

 
The equation Y= -0.7263x2 + 2.6537x + 1.3529 (Figure 4) pointed that the dosage of 
1.83% kg-1 diet of papain enzyme was the optimum dosage which resulted in the PER of 
3.77. The R² value of 0.7383 showed that 73.83% PER was influenced by papain enzyme 
enrichment in the diet, while 26.17% was influenced by other factors. 
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Figure  4. The papain enzyme-enriched feed relation to PER of Sangkuriang catfish fingerlings.  

 
Based on the Y= -0.6578x2 + 2.3093x + 2.054 (Figure 5) equation, the optimum dosage 
was 1.76% kg-1 diet of papain enzyme and brought about maximum RGR with the value 
of 4.08% day-1. The R² value of 0.7556 meant that 75.56% PER was influenced by the 
papain enzyme-enriched diet, while the rest (24.44%) was affected by the other factors.  
 

 
Figure 5. The papain enzyme-enriched feed relation to RGR of Sangkuriang catfish fingerlings. 

 
Table 2 displays that the fingerlings of Sangkuriang catfish fed with papain enzyme-
enriched diet (0.75-3% kg-1 diet) had higher activities of protease enzyme than those fed 
the diet without papain enzyme enrichment (0% kg-1 diet). The highest activities of 
protease enzyme of Sangkuriang catfish fingerlings were found in the treatment C (3.98 
U g-1 protein), followed by B (3.04 U g-1 protein), D (2.95 U g-1 protein), E (2.05 U g-1 
protein), and A (1.32 U g-1 protein).  
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Table 2   
The activities of protease enzyme in the digesting system of fingerlings of Sangkuriang 

catfish fed with papain enzyme-enriched feed 
 

Treatments Activity  
(U g-1 protein) A B C D                    E 

Protease 1.32±0.24d 3.04±0.28b 3.98±0.23a 2.95±0.27b      2.05±0.28c 
Note: Mean values with different superscripts refer to significant difference (p < 0.05).  
 
The water conditions during the experiment were still in viable condition for cultivation of 
fingerlings of Sangkuriang catfish (Table 3). 
 

Table 3 
The parameters of water conditions for rearing the fingerlings of Sangkuriang catfish 

 
Values in each treatment No Variables 

A B C D E 
Feasibility 

1. Temperature 
(oC) 

25-29 25-30 26-29 26-30 25-29 25-32* 

2. pH 7.0-8.5 7.3-8.4 7.2-8.0 7.0-8.1 7.2-8.4 7-9* 
3. DO (mg L-1) 3.7-4.9 3.6-4.5 3.4-4.7 3.4-4.9 3.5-4.9 3-6* 
4. Ammonia (mg 

L-1) 
  0.01 0.01 0.01 0.01 0.01 < 1* 

Note: * Boyd (2003). 
 
Discussion. The papain enzyme-enriched diet had significant influence (p < 0.05) on the 
EFU of fingerlings of Sangkuriang catfish. The fingerlings fed with the feed at the dosage 
of papain enzyme of 0.75-3% kg-1 diet had higher EFU than those at the dosage of 0% 
kg-1 diet. The findings were confirmed by Mo et al (2016) and Rostika et al (2018) 
findings. They advised that the papain enzyme-enriched diet increases the breakdown 
and the digestion of plant-based diet; in turn it could boost the diet utilization efficiency. 
The highest value of EFU was attained in the treatment C (1.5% kg-1 diet) at the 
70.35%. The dosage was thought that the papain enzyme was the right amount to 
hydrolyze amino acids that were easier to be digested, absorbed and able to raise the 
efficiency of feed utilization of the fingerlings of Sangkuriang catfish.  According to 
Hastuti (2001) the hydrolysis of protein was due to papain enzyme, therefore the diet 
could be used efficiently. The high efficiency of feed utilization was indicated by better 
utilization of the diet to make the fish grow better (Tacon et al 2002). Moreover, Huet & 
Timmermans (1970) discovered that high efficiency utilization of feed was manifested by 
using the most part of the feed for the growth and a little of it for energy. Those 
phenomena were exhibited in the Table 1 that treatment C (1.5% kg-1 diet) resulted in 
the highest RGR compared to other treatments. Similar findings were pointed out by 
Muchlisin et al (2016) in the keureling fish (Tor tambra) and Rostika et al (2018) in the 
Oreochromis niloticus fish. 

Papain enzyme-enriched diet at the dosages of 0.75-3% kg-1 diet made the values 
of ADCp increased when it was compared to the dosage of 0% kg-1 diet. Papain enzyme-
enriched diet also caused protein digestion to go up when it was compared to the dosage 
of 0% kg-1 diet. It was indicated by the increases of protein content and protease enzyme 
(Singh et al 2011). Moreover, Khati et al (2015) and Mo et al (2016) denoted that 
protease enzyme was the enzyme that hydrolyzes protein to improve digestibility and 
absorption. The highest value of ADCp (69.83%) was attained when the fingerlings of 
Sangkuriang catfish was fed with the papain-enriched diet at the level of 1.5% kg-1 diet 
(treatment C). The highest value of ADCp (69.83%) was also because of the highest 
activities of protease enzyme as in the treatment C (3.98 U g-1 protein). The higher the 
activities of protease enzyme the higher the values of ADCp.   

The papain enzyme-enriched diet at the dosages of 0.75-3% kg-1 diet (treatments 
B, C, D, E) reduced the values of FCR of the fingerlings of Sangkuriang catfish when it 
was compared to without supplementation of papain enzymes in the treatment A. As 
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shown in the Table 1 the lowest FCR (1.45) of the fingerlings of Sangkuriang catfish was 
achieved in the treatment C with the dosage of papain enzyme of 1.5% kg-1 diet. The 
dosage was presumed the appropriate dosage to boost metabolism of the fingerlings of 
Sangkuriang catfish; therefore, the nutrient absorption could be maximized. According to 
Steffens (1989), the low FCR means that the nutrients were well digested and optimally 
absorbed by the fish. Similar study on Chanos channos was reported by Singh et al 
(2011) that the enrichment of 2% papain enzyme yielded the lowest FCR. The study in 
the post-larvae of M. rosenbergii fed with papain enzyme enrichment of 0.1% kg-1 diet 
could improve the growth and efficiency of feed utilization (Patil & Singh 2015). Khati et 
al (2015) also informed that L. rohita fed with the enrichment of 10 g papain enzyme per 
kg diet lowered the FCR. Muchlisin et al (2016) also reported that in the case of T. 
tambra the FCR was low after it was fed with the enrichment of 27.5 mg of papain 
enzyme per kg diet. 

PER is a barometer to show the quality of protein that is able to supply essential 
amino acids to help fish growing (Munguti et al 2014). Hepher (1988) declared that the 
higher PER the better the quality of the diet; therefore, the diet is more efficient. Table 1 
showed that the highest PER (4.36) was achieved at the papain enzyme enrichment of  
1.5% kg-1 diet and the lowest PER (1.67) was reached in the treatment A with the 
dosage of 0% kg-1 diet. The dosage of 1.5% kg-1 diet (treatment C) was the right dosage 
to increase protease enzyme activities which has active role to breakdown protein into 
amino acids. According to Singh et al (2011) that the rate of protein absorption was 
higher when the diet was enriched with papain enzyme. Khati et al (2015) assured that 
papain enzyme was one of the protease enzymes which could increase protein 
digestibility. The similar findings were reported by Singh et al (2011) that the enrichment 
of 2% papain enzyme per kg diet could improve protein efficiency ratio for C. channos as 
much as 2.24. Khati et al (2015) suggested that L. rohita fed with papain enzyme-
enriched diet at the dosage of 10 g kg-1 diet could improve PER by 2.30.    

The highest value of RGR of the fingerlings of Sangkuriang catfish was obtained at 
the dosage of 1.5% kg-1 diet (treatment C), its value was 4.68% day-1. It was suggested 
that the dosage of 1.5 g kg-1 diet papain enzyme was the effective dosage to increase 
protease activities in the digesting system; in turn it can optimally hydrolyze protein and 
increase protein digestibility and diet utilization. The lowest value of RGR (2.21% diet-1) 
of the fingerlings of Sangkuriang catfish was achieved at the dosage of 0% kg-1 diet 
(treatment A). It was thought that due to the absence of papain enzyme in the diet there 
would be no protease enzyme activities, in turn there would be no increase of protein 
digestibility and efficiency feed utilization. Papain enzyme is the protease enzyme which 
can hydrolyzes polypeptides into short-chained peptides. The short-chained peptides 
were the main influencer to raise protein digestibility, nutrient absorption and growth 
(Wong et al 1996). The papain enzyme-enriched diet that can increase growth was 
reported by Singh et al (2011) on C. channos, Khati et al (2015) on L. rohita, Mo et al 
(2016) on Epinephelus bleekeri, and Muchlisin et al (2016) on T. tambra. 

The papain enzyme-enriched diet insignificantly (p > 0.05) influenced on survival 
rate (SR) of the fingerlings of Sangkuriang catfish. This finding was in accordance to the 
finding of Dabrowski & Glogowski (1977). They found that papain enzyme is the 
proteolytic enzyme which if added into the diet, it insignificantly influences on the 
survival rate. Moreover, Yakuputiyase (2013) advised that factor that affects the survival 
rate is the condition of the media culture. Similar results were reported by Patil & Singh 
(2015) for M. rosenbergii, Farraq et al (2013), Munguti et al (2014) and Rostika et al 
(2018) for O. niloticus. 

 
Conclusions. The conclusion of the study was that papain enzyme-enriched diet could 
increase activities of protease enzyme, feed efficiency and growth of the fingerlings of 
Sangkuriang catfish. The enrichment of 1.5% kg-1 papain enzyme diet was the best 
dosage on the activities of protease enzyme, feed efficiency and growth of the fingerlings 
of Sangkuriang catfish.   
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